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SUMMARY

The thesis consists of a collection of 69 publications

which record work performed over a period of nearly 20 years.

Sixty two of these are original contributions dealing with

the development of methods for measuring ©estrogens in urine

or blood and the application of these methods to clinical

problems. The remaining seven publications are review

articles.

The first phase of the work was concerned with the

development of an accurate chemical method for the separate

determination of oestriol, ©estrone and oestradiol-17P in

the low concentrations found in the urine of men and non¬

pregnant women. Such a method employing the Kober colour

reaction was successfully developed and was reported in 1955.

A modification employing an additional purification step to

; increase the range of application was reported in 1957. These

methods were extensively evaluated and have since become

accepted as the classical procedures for measuring these

three uzkiary oestrogens. They are still widely used

clinically and are employed as the standard procedure

against which new assay methods are tested. Later, the

sensitivity of measurement was greatly increased by the

introduction of an improved fluorimetric procedure. This

was applied to the measurement of oestrogens in blood and

to the development of rapid methods for measuring oestrogens



in urine.

The "1955" and "1957" methods were applied to the study

of oestrogen metabolism. The relationships between the three

urinary oestrogens and the parent hormone were investigated

in normal men and women, in pregnant women and in patients

with liver disease, obesity, under-weight, and hyper- and

hypothyroidism. The metabolic conversions of 16a-

hydroxyoestrone to oestriol, of 19-norethisterone to

oestrogens and of oestrogen methyl ethers to the free

compounds were documented and the effects on urinary

oestrogen excretion of giving cortisone and its analogues

during pregnancy were studied.

The patterns and levels of oestrogen excretion during

the normal menstrual cycle and throughout pregnancy were

documented accurately for the first time. These studies

were extended to include the measurement of gonadotrophins

and pregnanediol. A comparative study in which oestrogens

and progesterone were measured in ovarian vein blood of the

ewe and the levels related to the onset of oestrus and to

ovulation, was reported. The results of serial assays

performed in patients with gynaecological disorders were

correlated with the episodes of uterine bleeding and with

endometrial biopsies. The patterns of oestrogen excretion

provided a basis for categorizing these disorders. Urinary

oestrogen excretion was studied in a woman who was still

menstruating regularly after bilateral adrenalectomy, in



patients with gynaecomastia and generalized skin conditions,

with leprosy, with "non-functional" ovarian tumours and

with hypertrophic pulmonary osteoarthropathy.

Oestrogen levels in postmenopausal women with and

without metastatic breast cancer, and the effects of

oophorectomy and adrenalectomy on hormone output, were

studied. The responses in oestrogen excretion elicited

by operative stress and by corticotrophin administered

before and after adrenalectomy were also investigated.

The experiments provided important information on the

contribution of the adrenals to oestrogen production.

Oestrogen and pregnanediol assays were used extensively

for monitoring gonadal function during and after therapy.

This application was used to investigate the effects on

ovarian function of the new synthetic progestogens. The

study gave some basic information on the mechanism of

action of the contraceptive pill. Likewise, the assays

were used to monitor ovarian activity during stimulation

with clomiphene and with gonadotrophins. By adjusting the

doses of the two gonadotrophins, on the basis of the

oestrogen results, the dangers of over-stimulation were

avoided and the incidence of multiple pregnancies was greatly

reduced. The accurate assessment of ovarian responses

provided by these assays has enabled a considerable amount

of nex*j data to be obtained on the natural control mechanisms

which operate during the menstrual cycle, and on the



aetiological factors involved in dysfunctional uterine

bleeding. A study of ovarian function in pre-menopausal

women after hysterectomy with total conservation of the

ovaries demonstrated that the ovaries continued to function

completely normally until the expected time of the menopause.

A rapid method for measuring oestrogens in urine was

applied to the monitoring of foeto-placental function in

normal and high-risk pregnancies. The studies confirmed

that oestrogen measurements provide a useful index of

foeto-placental function, and as such they provide the

clinician with added information for the management of

high-risk pregnancies. This application promises to

reduce peri-natal mortality and the incidence of cerebral

damage due to placental insufficiency, and is being

further investigated in large scale studies.
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AUTHORSHIP AND ACKNOWLEDGEMENTS

In a research programme such as the present one, in which

methods for measuring oestrogens in body fluids have been

developed and then applied to clinical problems, it is obvious

that the biochemist must rely heavily on his medical

colleagues for access to patients and for the formulation of

suitable clinical projects. Therefore, I gratefully acknow¬

ledge the generous assistance given by my clinical collabora¬

tors, and in particular by Professor R. J. Kellar, Dr. G. D.

Matthew and Professor J. A. Strong in Edinburgh and Professor

S. L. Townsend, Professor N. A. Beischer and Dr. J. H. Evans

in Melbourne. Without this assistance many of the clinical

projects and the resulting drive for new methods would not

have eventualised.

Several authors were involved in the majority of papers

listed in this thesis. The relative contributions of the

different disciplines are usually clear. However, although

the projects were often planned and executed by groups of

workers, the contributions were not necessarily equal.

Because of this, the general rule has been that the main

author, or the author who demonstrated the greatest concern

for the project by assembling the experimental data, mapping

out the diagrams and preparing the first draft of the

manuscript for publication, was assigned the first place in

the list of names. If there was clearly a second main
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contributor, his name was listed second and then authors with

approximately equal contributions were listed alphabetically.

With few exceptions, this rule of recognising the main and

the second authors in this way has been adhered to throughout

this work. Thus, of the 69 publications listed, the

candidate was the sole author in 14, the main author in 20

and the second main author in 22.

I wish to record my debt to Professor G. F. Marrian, my

early supervisor, from whom I gained a vast fund of knowledge

and whose standards and scientific attitudes have had a

profound effect on my approach to this work. His name could

rightfully have been included as co-author on the earlier

papers dealing with the development and eva*nation of assay

methods, the metabolism of oestrogens and the application of

the methods to the study of the normal menstrual cycle and

pregnancy, but he most generously waived these rights. I

also acknowledge the influence of the late Professor J. H.

Gaddum whose instruction in statistical methods was of great

assistance in the planning of experiments and in the evalua¬

tion and assembly of results. I acknowledge the stimulation

of my many scientific associates including the late Dr. W. S.

Bauld, Dr. J. A. Loraine, Dr. A. I. Klopper, Dr. K. Fotherby,

Dr. E. J. Roy and Mr. H. A. F. Blair in Edinburgh, Dr. T. F.

Gallagher in New York and Miss M. A. Smith, Miss B. Smyth

and Miss S. Barrett in Melbourne. The many skilled



laboratory technicians who were involved in the work are

listed in the various publications. However, I would like

to make special mention of Mrs. Janet Blair and Miss W.

McGillivray in Edinburgh and Mrs. M. Creer, Miss P. Fischer

and Miss P. Goods in Melbourne.

HISTORICAL BACKGROUND

My interest in oestrogens began in 1947 when, as

Clinical Biochemist to the Auckland Hospital, I was asked to

measure the oestrogen content of a urine from a child with a

suspected granulosal cell tumour of the ovary. In attempting

to do this I was struck by the complete inadequacies of the

methods available and this stimulated me to apply for a

position under Professor G. F. Marrian in Edinburgh to pursue

the subject. I was given a position in the Clinical

Endocrinology Research Unit (M.R.C.) and, in conjunction with

Dr. W. S. Bauld in the Department of Biochemistry, embarked

on a programme "to develop an accurate method, suitable for

day to day routine use, for the separate determination of

oestriol, oestrone and oestradiol* in the low concentrations

found in the urine of men and non-pregnant women". The

* Throughout this thesis the term "oestradiol" refers to

the isomer oestradiol-173.



method was to be used "to study the clinical significance of

variations in the urinary excretion and metabolism of the

oestrogens" (1) This provided a wide mandate which is

still being exploited. An obvious application was to the study

of reproduction in the human female and, because of this,

similarly reliable methods were required for assessing the

production of progesterone and of pituitary gonadotrophins.

Therefore, I was also involved with Dr. A. I. Klopper and

Mrs. B. A. Michie in the development of a method for measuring

pregnanediol in urine, and with Dr. J. A. Loraine in the

development of procedures for extracting and purifying

gonadotrophins from urine for bioassay.

The thesis covers work published over a period of nearly

20 years. Although considerable progress has been made in

certain areas during this time, it is interesting to note

that there is still no detailed information available on the

topic which prompted this study, namely oestrogen excretion

in girls with granulosal cell tumours.

COMMENTARIES ON THE PUBLICATIONS LISTED

Section 1. The development and evaluation of assay methods

When the work beg n in 1949, oestriol, oestrone and

Numbers in parenthesis refer to the list numbers of the

publications given in the index and on the reprints.
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oestradiol were the only oestrogens known to occur in human

urine. Colorimetric and fluorimetric methods for measuring

these were investigated and the Kober colour reaction was

chosen for intensive study because of its high specificity

and sensitivity. The modifications of this reaction in use

at the time were notoriously unstable, being subject to rapid

fading and sensitive to impurities. The many variables

involved in the reaction were identified and by manipulating

each of these, optimum stable "plateau" conditions were

eventually reached. This resulted in a greatly improved and

workable colour reaction.
'

The colour reaction was then applied to the development

of methods for the quantitative extraction and purification

of the three oestrogens from hydrolysed urine. The basic

procedure adopted was that described by Cohen and Marrian

in 1934. Several simple rules proved to be of value at this

stage. In the choice of organic solvents for extracting

oestrogens from aqueous solutions and vice versa, the aim

was to use systems which yielded 95 to 98 per cent., rather

than lOO per cent, of the oestrogen in the desired phase;

i.e. with partition coefficients of 20 to 50. Such systems

give good recoveries with one extraction and yet provide a

degree of separation from other substances with related

solubilities. Phase-change techniques were used where

possible. Reversal in partition of oestrogens between
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immiscible solvent pairs was effected by altering the pH and

ionic concentration of the aqueous phase at one step in the

procedure and by methylation of the phenolic group in another.

The final separation and purification of the oestrogen

fractions were achieved by chromatography on alumina columns.

The work on the Kober colour and fluorescence reactions

yielded two papers which were published in 1952 and a third

by Dr. Bauld which was published in 1954. A thesis describing

this work and the progress being made in the development of

the extraction and purification procedures up to August 1952

was accepted for the degree of Doctor of Philosophy by the

University of Edinburgh. However, a working method was not

completed until 1953. A full description of this method was

published in 1955, and this forms the starting point for the

present thesis (1).

The "1955" method was applied immediately to the study of

urinary oestrogen excretion during the normal menstrual cycle

and pregnancy. The method was also set up in several other

laboratories before 1955 to study the effects of endocrine

ablation in patients with metastatic cancer of the breast.

In this application, the method was being applied at the

limits of its sensitivity to the study of ill postmenopausal

women who were being given a variety of drugs. It was found

that certain drugs interfered in the measurements and an

additional purification step was incorporated to overcome

this (the "1957" method) (3). The interest in breast cancer
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stimulated a comprehensive re-evaluation of the method, and

some inter-city and international comparisons were organised*

This led to two publications with workers at the Imperial

Cancer Research Fund in London (2, 3) and another two with

workers at the Sloane-Kettering Research Institute in New

York (5, 8). This latter group applied the techniques of

reverse isotopic dilution, the determination of the radio¬

activity content of the peak tubes after counter-current

distribution, and gas-liquid chromatography to check the

results. The "1955" and the "1957" methods have become

accepted as the classical procedures for measuring the three

urinary oestrogens. They are still widely used clinically

and for testing the reliability of new methods.

The methods were applied to the study of hydrolysis

conditions (4). During their general application, it was

soon realised that there were oestrogen-like Kober chromogens

other than oestriol, oestrone and oestradiol present in human

urine. The method employing methylation proved to be

unsuitable for the identification of these new oestrogens,

and this aspect of the work was therefore carried out mainly

by Professor Marrian and his colleagues in the Department of

Biochemistry, using the procedure developed by Dr. Bauld, and

by Dr. T. F. Gallagher and his colleagues in New York, using

reverse isotopic dilution. Many of these new oestrogens have

proved to be minor metabolites, but several, notably 2-

hydroxyoestrone and 16a-hydroxyoestrone, are important.



8.

Convenient methods are still required for measuring these

other oestrogens in the study of oestrogen metabolism.

The next development resulted from the observation of

Dr. G. Ittrich in Bast Berlin, that the pink Kober colour

produced by the oestrogens could be separated specifically

from interfering colours by extraction into certain organic

solvents. The extracted colour also fluoresced intensely.

Further work on the mechanisms involved in this reaction is

required before the finding can be fully exploited. However,

stable conditions for the development and extraction of the

fluorescence have been obtained and a spectrophotofluorimetric

procedure has been devised for correcting for the traces of

fluorescing impurities still present (11). As a result of

this simple procedure, the sensitivity and specificity of

oestrogen measurement have been increased by a factor of more

than a thousand fold. This has been exploited in several ways.

The increased sensitivity and specificity have allowed smaller

volumes of urine {1 ml. compared with 200 ml.) to be processed

and cruder extracts to be used and this has introduced the

possibility of rapid analysis and mechanisation (12). By

the application of fluorimetry to the "1957" method, levels

as low as 10 ng, per 24 hour urine can be measured which

compares with the limit of 2 - 3 pg. per 24 hours obtained

by colorimetry. This greater sensitivity has been applied

to the urine of children and of gonadectomized and



9.

and adrenalectomized individuals and the results are now

ready for publication. Modifications of this sensitive

method have been applied to the measurement of oestrogens in

blood. The sensitivity is such that the oestrogens can be

measured in fractional eluates from the alumina colurans, and

by comparing the chromatographic behaviour of the substances

being measured fluoriroetrically with that of an added radio¬

active tracer, a test for specificity can be obtained. On

this basis, the procedure gives valid results down to 4 ng.

per 100 ml. plasma (13). These newer methods have been in

use for approximately six years and form the basis of present

and planned publications. It is calculated that another

increase in sensitivity and specificity of only 10 to 100

times will bring all possible applications of oestrogen

assay in the blood and tissues of man and other animals

within range of study.

Section 2. Studies on the metabolism of oestrogens

This section does not describe a systematic study of

oestrogen metabolism. This subject has been investigated

in much greater detail by other workers using radioactive

tracer techniques. The studies listed resulted from the

application of the "1955" and the "1957" methods. Thus

when measuring the excretion of the three oestrogens in

urine, it was important to know their relationship one to
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the other and to the parent oestrogen from which they were

derived. This information was obtained in the study reported

in publication no. 15. The results confirmed and extended

earlier studies that oestrone could not be distinguished in

this way from oestradiol as the primary hormone since both

were interconvertible in the body. Their conversion to

oestriol was irreversible, and the sum of the three oestrogens

excreted in the urine accounted for approximately one sixth

of that produced. These findings were extended to show that

the newly discovered oestrogen, 16a-hydroxyoestrone, was

reduced in vivo to oestriol and therefore that it was likely

to be a natural precursor of oestriol (14). The studies

reported in publication no. 16 showed that the relative

proportions of oestriol, oestrone and oestradiol excreted

in the urine of an individual were the same from endogenous

sources as those found after injection of 2*5 mg. of

oestradiol. This showed that relatively large doses of

oestrogens were metabolized in the same manner as small

physiological amounts, a point which was later confirmed

by tracer techniques (19). The in vivo aromatization of

19-norethisterone and related progestogens and their

possible conversion to potent oestrogens were reported

in publication no. 17. This discovery had a considerable

influence on the claims being made for these progestogens

and on the later formulation of the contraceptive pill.
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Likewise, the unexpected discovery that the 3-methyl ethers

of oestrogens were efficiently deraethylated in vivo, was

relevant when explaining the action and metabolism of ethynyl

oestradiol 3-methyl ether (mestranol) which is widely used in

the contraceptive pill (18).

The publication with the Sloane-Kettering group (19)

demonstrated that the large amount of oestriol excreted in

the urine of pregnant women could not be derived solely from

the maternal metabolism of oestrone and oestradiol, as in the

non-pregnant individual, but that oestriol as such must be

secreted in large amounts into the maternal compartment from

the foeto-placental unit. This was an important finding in

the elucidation of oestrogen biosynthesis during pregnancy

which was being studied in other centres and notably by Dr.

E. Diczfalusy and his group in Stockholm. The finding

that oestrogen excretion in pregnancy is reduced by

administering cortisone and its analogues was also relevant

in this context (22).

The investigation of oestrogen metabolism and excretion

in liver disease showed that normal, increased or decreased

metabolism could occur in this condition, depending on the

severity of the disease, and thus reconciled several

conflicting views on the subject (20). This work also

demonstrated that increased production could occur, presumably

through increased conversion from C-19 steroids. A similar
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situation was found in hypertrophic pulmonary osteoarthropathy

(31). The effects of obesity and under-weight and of hyper-

and hypothyroid function on the metabolism of oestradiol to

the three urinary oestrogens were reported (21), This

provided a partial answer for the differences in the ratios

of oestriol to oestrone found in the urine of different

individuals. The inability to measure the other urinary

oestrogens was a disadvantage, and Dr. Gallagher and his

colleagues have demonstrated the importance of 2-hydroxylation

as a competing pathway to oestriol biosynthesis which is

influenced by thyroid function.

Section 3. Oestrogen excretion in non-pregnant subjects

The first application of the "1955" method was to the

daily measurement of urinary oestrogen excretion throughout

the normal menstrual cycle (23). The pattern which emerged

was consistent with current theories and furthermore agreed

with earlier results obtained by bioassay. This in itself

provided assurance that the method was giving valid results.

The pattern of a pre-ovulatory peak associated with the

developing follicle, and a second maximum associated with

the formation of the corpus luteum, is now accepted.

Individual and composite figures (25) obtained from this

work are widely quoted in text books and review articles.

It has since been shown that this pattern is an intrinsic
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feature of ovulation and is necessary for fertility (27, 29,

47).

The work was extended to determine the relationship in

time between the changes in oestrogen, pregnanediol and

gonadotrophin excretion during the menstrual cycle. It was

found that the pre-ovulatory peak of oestrogen excretion came

first, followed by the peak of luteinizing hormone and the

post-ovulatory rise in pregnanediol came after this (24).

This sequence was later confirmed by a study in which

luteinizing hormone was measured in plasma (26). The

connection between these events and ovulation was studied by

measuring the levels of oestradiol and progesterone secreted
s in the ovarian vein blood of the ewe throughout the oestrous

cycle (13). In this animal, a peak of oestradiol secretion

occurred between 10 and 0 hours before onset of oestrus and

thereafter the levels dropped rapidly and were negligible at

the time of ovulation 24 hours after onset of oestrus. The

progesterone levels were low throughout oestrus but after

ovulation they immediately began to rise and remained elevated

throughout the luteal phase, during which time the levels of

oestradiol remained practically undetectable. Oestrone was

{ the only other oestrogen detected in the ovarian vein blood.

These findings in the sheep would seem to be relevant to the

human (47).

The work of identifying patterns of oestrogen excretion
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in gynaecological disorders with a possible endocrine basis

was a mammoth task which started soon after the assay method

was developed in 1953 and was continued through to 1961 (27,

28, 29). This project was performed in collaboration with

Dr. G. D. Matthew and Professor R. J. Kellar and would

certainly not have been possible without their and the

patients* continued enthusiastic support. Serial oestrogen

measurements were performed for periods of up to six months

in selected patients and the results were correlated with the

episodes of uterine bleeding and with endometrial biopsies.

This unique data, which was the subject of an invited lecture

to the Laurentian Hormone Conference in 1961, is perhaps the

most important outcome of the early application of the methods.

The various menstrual disorders were classified into well

defined entities on the basis of oestrogen excretion and these

results are widely quoted. A study of dysfunctional bleeding,

which formed a considerable part of the investigation, would

now be almost impossible because of the universal use of

hormone preparations to control this condition.

Oestrogen values in rarer conditions, such as in a woman

who was menstruating regularly after bilateral adrenalectomy,

and in patients with gynaecomastia and generalised skin

conditions, with leprosy and with "non-functional" ovarian

tumours, have also been documented (30, 32, 33, 34). The

report of raised oestrogen production in patients with
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hypertrophic pulmonary osteoarthropathy (31) has stimulated

considerable comment since the findings are relevant to the

lung tumours which have endocrine activity.

Section 4. The study of endocrine ablation in patients

with breast cancer

Although this particular study was limited by the lack of

sensitivity of the "1957" method, some fundamental information

was obtained. Thus urinary oestrogen excretion by post¬

menopausal women with and without breast cancer was documented

and compared (16). It was shown that oophorectomy in post¬

menopausal women had nc detectable effect on urinary oestrogoi

excretion, that corticotrophin* given to patients with intact

adrenals produced marked increases in oestrogen output and

that bilateral adrenalectomy abolished this response and

reduced the oestrogen levels by an appreciable amount (37).

The response in oestrogen output elicited by operative stress

was documented (35, 36). However, the exact levels of oestro¬

gen excretion after oophorectomy and adrenalectomy could not be

measured and the aim of correlating clinical response with

* An interesting sequel to this study is that modern

preparations of corticotrophin are practically

ineffective in eliciting this oestrogen response.
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the oestrogen levels could not be realised. Such a study,

which may also yield information on possible oestrogen

production by the postmenopausal ovary, is now being pursued

using the more sensitive fluorimetric procedure.

Section 5. Application to the monitoring of gonadal

function during therapy

The application of hormone assays to the monitoring of

gonadal function during therapy was a logical sequel to the

work described in the preceding sections. The first use of

this approach was to determine the effects of the new

synthetic progestogens on pituitary and ovarian activity in

the human female. The work represents one of the few basic

studies on the mode of action of the contraceptive pill.

The effects on ovarian activity were found to depend on the

dose of progestogen and on the stage of the cycle over which

it was given. When commenced on day 5, smaller doses

inhibited ovulation by suppressing the release of pituitary

luteinizing hormone without suppressing follicular activity,

whereas larger doses completely suppressed the development

of follicles. When administered during the luteal phase

only, the progestogen had no demonstrable effect on the

hormone output of that corpus luteum (40). These properties

were shared by all the progestogens tested, whether they

could be metabolized to oestrogens or not, and were therefore
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not due to oestrogenic action alone (29). These findings

provided some possible explanations for some of the failures

of contraception that had been reported (40). Similar

studies (38, 39) were performed using the non-steroidal

inhibitor, I.C.I, compound 33,828 (a derivative of

dithiocarbamoylhydrazine), which, although it has had no

clinical application, is now used for controlling ovulation

in pigs.

Another application of this approach was for the

monitoring of ovarian activity during and after stimulation

with cloniiphene (41) and with gonadotroph ins (43, 44, 46, 47,

48). The mode of action of clomiphene has not yet been

elucidated and further studies of this type are required.

Clomiphene was found to have the unusual property of altering

the metabolism of oestrogens to favour the excretion of

oestrone in the urine while the drug was being administered

and this effect was reversed to favour the excretion of

oestriol when the drug was withdrawn (41, 42).

The use of rapid oestrogen assays to monitor ovarian

responses during gonadotrophin therapy was introduced in

three laboratories in Australia in 1963 as a means of

avoiding the hazards of over-stimulation which is a serious

problem with this therapy (43, 44). The demonstration that

the treatment was completely safe when monitored in this way

and that the incidence of gross multiple pregnancies could

be largely eliminated, has led to an almost universal
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adoption of this method of control. The accurate assessment

of ovarian responses provided by serial oestrogen and

pregnanediol measurements has yielded a considerable amount

of new data on the precise mechanisms which operate to produce

optimum conditions for the release and subsequent fertiliza¬

tion and implantation of one ovum (47). Furthermore, during

these experiments with gonadotrophin therapy, all the abnormal

steroid patterns found in dysfunctional bleeding have been

reproduced, and this provides some insight into the

aetiological factors involved. Parallel studies with

gonadotrophins have also been carried out in men (46, 49).

Attempts to predict responses to treatment with placebo,

steroids, clom.iphene and gonadotrophins by assessing the

patients' hormone excretion before treatment have largely

been unsuccessful (44, 45, 47).

Urinary oestrogen and pregnanediol assays were applied

to the assessment of ovarian function in pre-menopausal

women after hysterectomy, a topic which has been under

debate for many years. When both ovaries were conserved,

ovarian function continued completely normally until the

expected time of the menopause (50).

Section 6. Application to the monitoring of placental

function in normal and high-risk pregnancies

The excretion of oestriol, oestrone and oestradiol
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during the ovulatory cycle in which conception occurred,

throughout pregnancy and during labour, delivery, the early

puerperium, lactation and the recommencement of menstruation

were documented early in the study (51). However, the

clinical application of the assay methods to pregnancy did

not become a major project until it was instituted by

Professor S. L. Townsend and Professor N. A. Beischer in

Melbourne. Entry into this field was therefore late compared

with some centres, but the ability to apply the new rapid

methods to mass studies soon began to yield important results.

The surveys on obstetrical populations led to the practice

of classifying patients according to their oestrogen output.

This proved to be more relevant in terms of placental function

and the outcome of the pregnancy than the more common practice

in use at the time of classifying the oestrogen results in

terms of the clinical conditions. The large clinical

component in this study is indicated by the order of

authorship used for the publications listed (52, 53, 54,

55, 56, 57, 58, 59, 60, 61, 62).

The work has demonstrated that oestrogen assay provides

a useful and convenient measure of foeto-placental function,

and as such, it is providing the clinician with the added

information that he needs for the management of high-risk

pregnancies. This application promises to reduce peri-natal

mortality and the incidence of cerebral damage due to
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placental Insufficiency. A large scale programme is now

being instituted in which all pregnant patients are being

screened by oestrogen analyses at 30 and 35 weeks, and the

resulting trends in management and the incidence of foetal

mortality and cerebral damage will be assessed.
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List
No.

Section 1. The Development and Evaluation of Assay Methods

A chemical method for the determination of oestriol, 1.

oestrone and oestradiol in human urine. J. B. Brown.

Biochem, J., 60, 185-193 (1955).

An evaluation of a chemical method for the estimation of 2.

oestriolv oestrone and oestradiol - 173 in human urine.

J. B. Brown, R. D. Bulbrook and F. C. Greenwood. J.

Endocr., Ij3, 41-48 (1957).

An additional purification step for a method for 3.

estimating oestriol, oestrone and oestradiol - 173 in
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A Chemical Method for the Determination of Oestriol, Oestrone
and Oestradiol in Human Urine

By J. B. BROWN
Clinical Endocrinology Research Unit (Medical Research Council), Edinburgh University

(Received 9 August 1954)

In connexion with a research programme to study
the clinical significance of variations in the urinary
excretion and metabolism of the oestrogens, an
accurate method, suitable for day-to-day routine
use, was required for the separate determination of
oestriol, oestrone and oestradiol-17/3 in the low
concentrations found in the urine of men and non¬

pregnant women. Since all available methods lacked
the desired accuracy, sensitivity, specificity and
convenience, it was decided to attempt to develop
a more suitable procedure. The project was organ¬
ized jointly with the Department of Biochemistry,
and papers dealing with one aspect of the problem
(Brown, 1952; Bauld, 1954) have already been
published. The present paper describes in detail one

complete procedure which appears to be more
satisfactory in many respects than any that have
hitherto been described, and has been used on a

routine basis in clinical investigations for the past
18 months. A preliminary communication in which
the method was briefly described has already been
presented (Brown, 1955).

The method was evolved from the one described

by Clayton (1949) and incorporates a new phase-
change purification step involving methylation of
the phenolic fraction. The methylated oestrogens
are then further purified and separated from one
another by chromatography on alumina columns
and are estimated colorimetrically using an im¬
proved modification of the Kober colour reaction
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(Brown, 1952; Bauld, 1954). Interfering back¬
ground colours are corrected for by the spectro-
photometric method of Allen (1950).

MATERIALS

Reagents. Ether (J. F. Macfarlan and Co. Ltd., Edin¬
burgh, A.R.) was washed with saturated FeS04 solution and
water, distilled, stored in dark bottles, and used within a

fortnight of purification. Ether recovered during the
procedure was simply redistilled before using again. Light
petroleum (b.p. 40-60°) and benzene (British Drug Houses
Ltd., A.R.) were redistilled and saturated with water.
Recovered benzene was washed thoroughly with water and
distilled through a fractionating column. Ethanol (ab¬
solute) was refluxed with NaOH pellets to remove alde¬
hydes and twice distilled. (Errors may arise through impuri¬
ties in solvents (Bauld, 1955) but those specified here are
quite satisfactory provided they are used in connexion with
urine extracts.) H3B03 powder was B.P. grade. Dimethyl
sulphate was redistilled. NaOH and NaHC03 solutions
were prepared on a w/v basis using A.R. chemicals. Concen¬
trated carbonate solution, of pH 10-5 (approximately), was
prepared by adding 20% NaOH (150 ml.) to 8% NaHCOs

solution (1 1.). Alumina (Savory and Moore Ltd., London)
of mesh size 100/150 and activity II-III (Brockmann &
Schodder, 1941) was deactivated with 9-10% of water to
the activity specified later.

Colour reagents. The oestriol colour reagent was prepared
by dissolving quinol (20 g.) in 76% (v/v) H2S04 (1 1.), the
oestrone reagent by dissolving quinol (20 g.) in 66% (v/v)
H2S04 (11.) and the oestradiol reagent by dissolving quinol
(20 g.) in 60% (v/v) H2S04 (1 1.). The quinol was laboratory
grade, and the H2S04 was AnalaR reagent, both manu¬
factured by British Drug Houses Ltd. Solution was hastened
by heating. Reagents were kept at least 24 hr. before use,
the oestriol reagent was usually a light yellow, the oestrone
was light brown to pink, and the oestradiol reagent was
light pink in colour. They were stable almost indefinitely at
room temp, in the dark.

Standard oestrogen solutions. Standard solutions of pure
crystalline oestrogens and their methyl ethers were pre¬
pared in ethanol (5 mg./lOO ml.). Solutions were stored at
4° and were stable indefinitely.

Apparatus. Glassware was rinsed after use with tap, and
then distilled water unless visibly dirty, when it was cleaned
by (a) steeping in a chromic acid-sulphuric acid mixture;
(b) washing with tap water; (c) soaking in an acid sulphite

Urine hydrolysed with HC1

| extracted with ether
Ether extract

Washed with (1) satd. Na2C03 soln. pH 10-5
(2) NaOH; NaOH wash neutralized to pH 10 with

satd. NaHC03 and shaken again with the ether extracts
(3) NaHCOs
(4) water

Ether evaporated
Residue dissolved in ethanol

Benzene-light petroleum

extracted with
NaOH

NaOH extract (oestrone-oestradiol)
H3B03 added

Methylated with dimethyl sulphate
at 37°

NaOH and H202 added
extracted with light
petroleum

Light petroleum extract
washed with water

chromatographed
on alumina

Oestrone methyl
ether

Oestradiol methyl
ether

Benzene and light petroleum (equal vols.) added
extracted with
water

Water extract (oestriol)
H3B03 and NaOH added

Methylated with dimethyl
sulphate at 37°

NaOH and H90, added

extracted with
benzene

Benzene extract
washed with water

chromatographed
on alumina

Oestriol methyl
ether

Fig. 1. Flow sheet for the separation of oestrone, oestradiol and oestriol as the methyl ethers.
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solution (Na2S03, approx. 0*2% acidified with H2S04) to
destroy traces of chromic acid which would otherwise be
a harmful contaminant in the method, and (d) rinsing
thoroughly with tap water, then distilled water, before
being dried.

Optical densities were measured in a Unicam S.P. 600
spectrophotometer using 1 cm. glass cells.

EXPERIMENTAL

The extraction and purification stages are given first in
general, then in detail and are summarized in Fig. 1.

Hydrolysis of conjugated oestrogens in urine
The hydrolysis of conjugated oestrogens in urine is a

complex problem which is still being investigated. At
present, acid hydrolysis only has been studied since it fits
more easily than enzymic hydrolysis into a routine method.
Preliminary experiments to find conditions giving maxi¬
mum yields of oestrogens from urine showed that the best
results were obtained by the method recommended by
Marrian & Bauld (1951) namely, boiling the urine under
reflux 1 hr. with 15 vol. conc. HC1/100 vol. urine. However,
when oestriol, oestrone or oestradiol-17jS is added to the urine
before this acid treatment, from 10 to 20% of the added
oestrogen is lost during the hydrolysis. Furthermore, it
seems that similar losses of endogenous oestrogens also
occur. These losses are not prevented by the addition of
reducing agents as suggested by Rosenmund (1948) and van
Bruggen (1948), and, at present, have to be accepted along
with the other known losses occurring in the method.

Extraction with ether and removal

of the acid fraction
Ether seems to be the most suitable solvent for extracting

the three oestrogens from aqueous solutions but even so
thorough extraction is necessary to extract all of the
oestriol.

Many workers remove the acid fraction from the ether
extract of hydrolysed urine by shaking with NaHC03
solutions (Clayton, 1949). Cohen & Marrian (1934) passed
C02 into alkaline solutions containing the acid and phenol
fractions from urine until the solutions were neutral to

phenolphthalein (pH 9*0) and then extracted the oestrogens
with ether. Engel, Slaunwhite, Carter & Nathanson (1950),
and Engel (1950) modified this procedure and showed that it
is more efficient than any other described for removing the
acid fraction. In this laboratory it was found that oestriol
is easily extracted with ether from aqueous solutions at
a pH as high as 10*5, provided the aqueous solutions are
saturated with Na2C03 or NaHC03 at that pH. In fact, the
partition coefficient of oestriol between ether and concen¬
trated carbonate solution of pH 10*5 was found to be
practically the same as between ether and saturated
NaHC03. Apparently, even at this pH, ionic concentration
rather than pH determines the solubility of oestriol in
aqueous solutions. Concentrated carbonate solution of
pH 10*5, which is much more effective as a washing agent
than NaHC03, can therefore be used for removing the acid
fraction from ether extracts without any appreciable loss of
oestriol.

Urine extracts contain substances which change to
coloured products when dissolved in alkali and cannot then
be re-extracted with ether at a pH above 7. These sub¬

stances, which are effectively removed from the oestrogen
fraction in the procedures of Cohen & Marrian (1934) and of
Engel et al. (1950), are changed and removed in the present
method by shaking the ether extract directly with NaOH
solution after first washing out the acid fraction with conc.
Na2C03 solution of pH 10-5. The NaOH, which also extracts
some of the oestrogens, is then partly neutralized to pH 10,
and the carbonate-ion concentration increased, by adding
saturated NaHC03 solution. Shaking again with the ether
layer extracts the oestrogens back into the ether and leaves
the coloured substances in the aqueous layer which is then
discarded. The ether is washed with saturated NaHCOa to
neutralize any alkali still present, and thus eliminate
excessive loss of oestriol in the subsequent water wash. The
ether is then washed with a small amount of water to remove

the bicarbonate.
The efficacy of this treatment is illustrated in the following

experiments. When the oestrogens were subjected to the
procedure, 97 % of the oestriol and 100 % of the oestrone and
oestradiol were recovered in the ether phase.

An ether extract of hydrolysed male urine was divided
into four equal parts and extracted (1) and (2) with 8%
sodium bicarbonate, (3) with conc. carbonate solution of
pH 10-5, (4) by the new procedure described above. The
ether was evaporated, the residue taken up in toluene and
extracted with NaOH. The alkali extracts of (2) and (3) were
partly neutralized to a pH of 9-9-5 and extracted with ether
according to the procedure of Engel (1950), and those of
(1) and (4) were acidified with HC1 and extracted with ether.
The ether extracts were evaporated and the residues were
heated with the 76% H2S04 2% quinol reagent as for
oestriol in the modified Kober colour reaction. Uncorrected
optical densities at 516 111y. of the colours produced by the
urine contaminants still present were (1) simple NaHC03
wash 0-315; (2) Engel procedure 0-120; (3) modified Engel
procedure 0-097; (4) the new procedure 0-099. The new pro¬
cedure incorporating the carbonate and alkali washes is
therefore even more efficient and more convenient for
removing acidic and alkali-unstable substances from urine
extracts than the method described by Engel.

The separation of the phenolic fraction and of
oestriol from oestrone and oestradiol

It is possible to methylate the three oestrogens together
and separate the methyl ethers on a single chromatogram.
However, better purification is achieved by dividing into
an oestriol fraction and an oestrone plus oestradiol fraction
before methylation, and chromatographing these on two
separate columns after methylation. This preliminary
division is conveniently performed at the same time as the
neutral and phenolic fractions are separated from each other.
In this way, Clayton (personal communication) extracted
oestriol from benzene with water and then extracted
oestrone and oestradiol with NaOH. However, this method
is tedious as thorough extractions are required for quanti¬
tative results. The ease with which the oestrogens are
extracted from benzene with aqueous solvents is increased
by diluting with light petroleum, a solvent in which the
oestrogens are relatively insoluble (Doisy, Huffman,
Thayer & Doisy, 1941). A mixture of equal parts of benzene
and light petroleum was found to be completely satisfactory.
Using this and the extraction procedure described in the
method, 98% of the oestriol is recovered in the water
extract, and 96 % of the oestradiol and 97 % of the oestrone
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are recovered in the NaOH. Some oestradiol (4%) is lost
in the water extract. These figures agree closely with those
reported for the same system by Finkelstein (1952).

Methylation
There is reason to believe that much of the material in the

oestrogen fractions at this stage is not truly phenolic.
A specific separation of the true phenols from this non-
phenolic material should be possible by chemically modi¬
fying their phenolic groups in such a way that their solu¬
bilities are changed without similarly affecting the non-
phenolic material. After a few preliminary^ experiments, it
was found that methylation of the phenol group is a very
convenient method for achieving this, especially as the
oestrogen methyl ethers can still be estimated directly with
the Kober colour method (Marlow, 1950). The complete
change in solubilities following methylation is illustrated by
the fact that oestrone and oestradiol can be quantitatively
separated from their methyl ethers by one light petroleum-
NaOH partition, and oestriol from its methyl ether by one
benzene-NaOH partition, the methyl ethers being recovered
in each case in the organic solvent phase.

The oestrogen fractions, in alkaline solution, are con¬
veniently methylated with dimethyl sulphate, which is
effective under these conditions. The usual methods of

methylating phenols with dimethyl sulphate are, however,
unsatisfactory when applied to these oestrogen extracts. In
strongly alkaline solutions, methylation is slow compared to
the rate at which the dimethyl sulphate is destroyed by
hydrolysis. It was then found that this destruction is
considerably retarded without seriously decreasing the
rate of methylation, by methylating in borate buffer
solutions between pH 10 and 11-5. The reaction takes place
slowly at room temperature but at 37° it is complete in
15-30 min., and under the conditions adopted, about 95%
of the oestriol, 96 % of the oestrone, and 98 % of the oestra¬
diol are converted into their monomethyl ethers.

The partial destruction of contaminating substances
by oxidation and the extraction of the methylated
oestrogens
The methylation mixture is next made strongly alkaline

to take advantage of the alkali insolubility of the true
methylated phenols. The methylated phenolic fraction at
this stage contains substances which can be oxidized to
alkali-soluble products and thereby removed. H202 in
alkaline solution at room temp, was found to be the best
oxidizing agent for achieving this, having no effect on the
oestrogen methyl ethers themselves under these conditions.

Oestriol methyl ether is then extracted with benzene and
the oestrone and oestradiol methyl ethers are extracted
with light petroleum. In each case the partition favours
completely the organic solvent phases. The considerable
purification of oestrogen extracts from urine obtained by
the methylation procedure is shown by the fact that the
benzene and light petroleum extracts are completely colour¬
less and all the visible pigments are discarded, apparently
unchanged, with the aqueous layer.

Chromatography
Stimmel (1946) was the first to apply adsorption chro¬

matography on alumina columns to the further purification
and partition of the oestrogen fractions, but he experienced

difficulty in eluting oestriol from the columns. This difficulty,
however, does not arise with the oestrogen methyl ethers,
for being less polar, they are more suited to adsorption
chromatography procedures.

Mixtures of oestrone and oestradiol methyl ethers are
resolved with difficulty on columns of very active alumina
but are easily resolved on columns of less active alumina.
A suitable activity is obtained by adding 9-10 % of water to
an alumina with an original activity equivalent to Brock-
mann no. II (see Stewart, 1949). The resolution of oestrogen
methyl ethers on columns of this deactivated alumina is
such that relatively crude chromatograms can be used, and
those described in the method were chosen mainly on the
grounds of suitability to a robust and convenient routine
procedure. Furthermore, the chromatographic properties
of this alumina are practically unaffected by small changes
in water content and solvents applied to it should be
saturated with water. Both these factors contribute to a

robust chromatography procedure.
Eluents were selected to elute the oestrogen fractions in

volumes which could be evaporated directly from the tubes
in which the colour was later developed.

Evaporation of solvents
For the most reproducible results, solutions of oestrogen

methyl ethers should be evaporated in the absence of air to
complete dryness. Evaporating down under jets of air or
impure nitrogen may cause losses, especially of oestrone
methyl ether when dissolved in light petroleum. These
losses seem to be due to impurities in the solvents which
partly oxidize during evaporation and interfere in the
development of the Kober colour. For this reason also the
last traces of solvents should be removed before colour

development. A distilling apparatus to take 4-6 Kober
tubes at a time has been designed which functions as
follows. Solvents are distilled from the tubes by heating in
a water bath and applying a slightly reduced pressure from
a water pump to hasten distillation. The vapour column
effectively displaces air from contact with the boiling liquid.
When the solvents have evaporated completely the vacuum
is turned full on, the tubes are removed from the boiling-
water bath, and the vacuum is released by admitting Na.
The vacuum is again applied and released and the tubes are
then removed from the apparatus and are ready for colour
development.

Colour development and colorimetry
The colour method is a development of the one described

previously (Brown, 1952). Bauld (1954) has re-investi-
gated this earlier colour method in more detail and the
present method incorporates some of his refinements and
resembles closely the method which he finally adopted.

The following changes have been made to the earlier
method. In order to increase the sensitivity, smaller
volumes of reagents are used, and the colour is not diluted
before measurement. Three colour reagents are employed,
each optimum for the respective oestrogen, a 76% H2S04-
2% quinol reagent for oestriol, a 66% H2S04-2% quinol
reagent for oestrone, and a 60 % H2S04-2 % quinol reagent
for oestradiol-17/3. AnalaR H2S04 supplied by British Drug
Houses Ltd. is specified; reagents prepared with this acid
do not need the addition of oxidizing agents (see Bauld,
1954). The conditions chosen for the second stage of colour
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development are an H2S04 concentration of about 55 % and
a heating time of 10 min., neither of which is critical.
Bauld's most important improvement to the colour method
is the addition of fresh quinol to the mature H2S04-quinol
reagents immediately before colour development. This is
conveniently done by adding the quinol to the oestrogen
fractions before evaporating the solvents. As recommended
by Bauld, the Kober tubes are standardized to approxi¬
mately the same diameters.

When the colour method is applied to pure oestrogens,
colours produced are stable for at least 12 hr. and absorb
light maximally at the following wavelengths (uncorrected):
oestriol and oestrone, 513 m/x.; oestradiol-17/5, 514 m^.;
oestriol and oestrone methyl ethers, 516 m/x.; oestradiol-17/3
methyl ether, 518 m/x. The molecular extinction coefficients
are very nearly the same for the free oestrogens as for their
methyl ethers but exact comparison is not possible owing to
the small differences in the absorption maxima.

2 4 6 8 10

Oestrogen (pg.)
Fig. 2. Relationships between corrected spectrophoto¬

meter readings and amounts of oestrogen methyl ethers
expressed in terms of the weight of the free oestrogens.
•—#, Oestrone; O—0» oestradiol-17/3; x — x,
oestriol.

Measuring the optical densities at three wavelengths and
correcting for non-specific absorption by the method of
Allen (1950), is necessary to correct for colours due to
oxidized quinol and contaminating substances from urine.
In fact, the validity of results obtained by the method
depends, to a considerable extent, on the effectiveness of this
density correction. Corrected optical densities obey Beer's
Law closely (Fig. 2). New calibration curves are constructed
using standard solutions of pure oestrogen methyl ethers
whenever new H2S04-quinol reagents are prepared.

The method in detail

Two or three determinations, each in duplicate, are
usually performed at one time; 24 hr. specimens of urine

are collected without preservative and stored at 4°. If the
24 hr. volume is less than 1200 ml., the specimen is diluted
to this volume with distilled water.

Hydrolysis and extraction
Urine (200 ml.) is heated to boiling under a reflux

condenser. Cone. HC1 (11 n, 30 ml.) is then added through
the condenser and the urine-HCl mixture is boiled for 60 min.
and then cooled rapidly under running tap water. The
cooled hydrolysed urine is extracted once with 200 ml. and
twice with 100 ml. volumes of ether. The ether is then
extracted with concentrated carbonate solution, of pH 10*5
(80 ml.) (which is rejected), and then shaken thoroughly
with NaOH (20 ml. of 8%). The NaOH layer is not dis¬
carded but is partly neutralized by adding 8% NaHC03
solution (80 ml.) and shaken again with the ether layer. The
aqueous layer is then discarded. The ether is washed first
with 8% NaHC03 solution (20 ml.) and then with water
(10 ml.). The water is drained off as completely as possible.

Extraction of the phenol fractions
and methylation

The ether solution is poured into a flask and the ether is
distilled just to dryness on a water bath. The flask is removed
immediately from the water bath, ethanol (1 ml.) is added
to dissolve the residue, since oestriol is not easily soluble in
benzene, and the flask is allowed to cool. Its contents are
transferred with benzene (25 ml.) to a separating funnel
containing light petroleum (25 ml.). The benzene-light
petroleum solution is extracted with two 25 ml. volumes of
water and then with two 25 ml. volumes of 1*6% NaOH.
The water extracts, which contain the oestriol fraction,
are added to a 100 ml. stoppered conical flask containing
H3B03 (0-9 g.) and 20% NaOH (4 ml.). The NaOH extracts,
which contain the oestrone and oestradiol fractions, are
added to a similar flask containing only H3B03 (0-9 g.). The
two flasks are placed in a 37° water bath and dimethyl
sulphate (1 ml.) is added to each. The dimethyl sulphate is
handled cautiously, in a fume cupboard, and volumes are
measured by means of a safety pipette. The flasks are
shaken until the H3B03 and dimethyl sulphate have dis¬
solved and are kept at 37° for 10-30 min. longer. The
procedure is repeated by adding more dimethyl sulphate
(1 ml.) together with 20% NaOH (2 ml.) to replace that
neutralized by the first 1 ml. ofdimethyl sulphate. The flasks
are shaken until the dimethyl sulphate has dissolved, and
are either kept at 37° for a further 20-30 min. and cooled, or
allowed to stand at room temp, overnight.

The destruction of contaminating substances by
oxidation and the extraction of the methylated
oestrogens
NaOH (10 ml. of 20%) and H202 (2-5 ml. of 30%) are

added to each flask, the contents of which are transferred
to separating funnels. The methylated oestriol fraction
is extracted with benzene (25 ml.) and the methylated
oestrone and oestradiol fraction is extracted with light
petroleum (25 ml.), the solvents being used first to rinse the
corresponding methylation flasks. The benzene and the
light petroleum extracts are washed twice with two 5 ml.
volumes of water and the water is drained off as completely
as possible.
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Chromatography
The glass chromatogram tubes have an internal diameter

of 13 mm., a capacity of 40 ml. of solvent, a sealed-in
sintered glass support (porosity no. 3) for the alumina
column, and an interchangeable B19 cone for connexion
with receiving flasks or tubes. Chromatograms are usually
run in groups of four or six. The rate of flow of solvents is
adjusted to approximately 1 drop/2 sec. by applying slight
suction from a manifold through two-way stop cocks, by
which means suction can be applied to or released from
individual chromatogram tubes and their receiving flasks.
A column is prepared by partly filling the chromatogram
tube with benzene or light petroleum and then adding the
alumina (2 g.), standardized as described later, in a thin
stream so that entangled air frees itself during the passage
through the solvent. When the alumina has settled, its
surface is levelled by tapping, and overlaid with about
a quarter of an inch of dry acid-ethanol washed sand to
protect it from disturbance during the addition of solvents.
Solvents are sucked through to the level of the sand but no
lower before another solvent is added.

The methylated oestriol fraction in benzene is applied to
an alumina column prepared in benzene, taking care not to
transfer any water to the column. The column is then eluted
with (a) 12 ml. of a mixture of 1-4 % ethanol in benzene; the
effluent removes a urine pigment band and is discarded, and
(6) 15 ml. of a mixture of 2*5% ethanol in benzene; the
effluent, containing all of the oestriol methyl ether, is
collected in a 6 x f in. Pyrex test tube with a standard B19
socket (Kober tube) in which the colour is later developed.

The methylated oestrone and oestradiol fractions in light
petroleum are similarly applied to another alumina column
prepared in light petroleum. The column is eluted with
(a) 12 ml. of a mixture of 25% benzene in light petroleum,
the effluent being discarded; (b) 15 ml. of a mixture of 40%
benzene in light petroleum; the effluent is collected into
a Kober tube and contains all of the oestrone methyl ether;
(c) a further 12 ml. of the same mixture of 40% benzene in
light petroleum; the effluent being discarded; and (d) 12 ml.
of benzene; the effluent is collected into a Kober tube and
contains all of the oestradiol methyl ether.

Preparation and standardization of the alumina
Particular care is required in the standardization of the

alumina used in this method. It is possible to alter either the
volumes and eluting powers of solvents for each new batch
of deactivated alumina, but it is easier in practice to adjust
the alumina to a predetermined activity and keep the other
factors constant. Alumina is deactivated by adding water
(approx. 9-5 ml. per 100 g.), stirring to break down moist
lumps, and shaking the mixture thoroughly until quite
homogeneous. Perceptible heat is evolved, and after
allowing to cool the activity is tested by preparing a 2 g.
column in light petroleum and applying a solution of
oestrone methyl ether (10/xg.) in light petroleum (25 ml.)
which has been washed with water. The column is eluted
with 25% benzene in light petroleum in fractions and the
oestrone methyl ether content ofeach fraction is determined
colorimetrically. When the activity of the alumina is
correct, oestrone methyl ether begins to appear in the
16th-20th ml. of eluate. If the alumina is too active, more
water is added, if not active enough, more active alumina
is added until the required activity is obtained. The be¬

haviours of the oestrogen methyl ethers on this alumina
always conform closely to the elution pattern from which the
chromatography procedure described in the method is
derived. Small deviations from this pattern are sometimes
found with different batches of alumina and it is then

necessary to alter slightly the volumes of eluents used in the
method in order to ensure adequate safety factors in the
blind cutting of fractions. The following procedures are
undertaken with each fresh batch of alumina to check this

point. Another column (2 g.) is prepared in light petroleum;
a water-washed solution of oestrone and oestradiol methyl
ethers (10pg. of each) in light petroleum (25 ml.) is applied
to the column which is then eluted, first with 25 % benzene
in light petroleum (12 ml.), and then fractionally with 40%
benzene in light petroleum. Oestrone methyl ether should
be completely eluted in the first 12 ml. of the 40% benzene
in light petroleum and oestradiol methyl ether should
begin to be eluted when a total of about 30 ml. of eluate has
been collected. Another column is prepared and oestradiol
methyl ether similarly applied and eluted with (a) 12 ml. of
25 % benzene in light petroleum, (b) 27 ml. of 40 % benzene
in light petroleum, and then (c) fractionally with benzene.
The oestradiol methyl ether should be eluted in the first
8-10 ml. of benzene eluate. Likewise oestriol methyl ether
in benzene (25 ml.) is washed with water and applied to a
2 g. column prepared in benzene. When this column is
eluted with 1-4% ethanol in benzene, oestriol methyl ether
should begin to be eluted in the 15th-17th ml. of eluate.
Another similar column is eluted, first with 12 ml. of 1*4%
ethanol in benzene, and then with 2-5 % ethanol in benzene
the first 12 ml. of which should elute the oestriol methyl
ether.

The standardized alumina is stored in air-tight containers.
Caking sometimes occurs during storage but is easily
broken down by shaking.

Evaporation of solvents
Quinol (4 mg.) in ethanolic solution (0-2 ml. of 2%, w/v)

and a small piece of porous tile are added to each eluate in its
Kober tube. Solutions are evaporated completely to dryness
by heating in a water bath. Blank tubes containing quinol
only are prepared at the same time.

Colour development and colorimetry
The appropriate quinol-H2S04 reagent (3 ml.) for the

particular oestrogen is added to the oestrogen fractions in
Kober tubes which are then heated for 20 min. in a boiling-
water bath. The tubes are shaken twice during the first
6 min. of heating. After heating, the tubes are cooled in a
bath of cold water. Water (1 ml.) is added to each oestriol
tube, 0-5 ml. to each oestrone tube and 0-2 ml. to each
oestradiol tube; the tubes are shaken and reheated in the
boiling-water bath for 10 min. They are then cooled again in
cold water for about 10 min. and optical densities are
measured against similarly treated reagent blanks in the
spectrophotometer at the following wavelengths: oestriol
and oestrone fractions 480, 516 and 552 my..; oestradiol
fraction 480, 518 and 556 m/x.

Optical density readings (D) are corrected by applying
the following formulae which are derived from Allen's
(1950) formula multiplied by 2: oestriol and oestrone
corrected readings = 2Z>516-(D480 +D552); oestradiol corrected
reading = 2D518-(il480 +i>558). The amount of oestrogen
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methyl ether present in each tube is found by applying the
corrected readings to the particular standard calibration
curve prepared with the pure oestrogen methyl ether. This
is then converted into the corresponding amount of free
oestrogen by multiplying by the ratio of the molecular
weights. The 24 hr. excretion is calculated from this and the
24 hr. urine volume.

RESULTS

Recoveries of oestrogens added to hydrolysed urine
To test the extraction, purification and colorimetric
stages ofthe method a series of recovery experiments
were performed in which known amounts of
oestriol, oestrone and oestradiol-17/I were added to
portions of acid-hydrolysed 24 hr. male urines.
Blank determinations were made at the same time
on the same urine. The amounts ofoestrogens added,
calculated on the basis of a 24 hr. specimen to¬
gether with the percentages of these recovered after
subtracting the urine blank values, are shown in

measuring differences in oestrogen concentrations
of the order of 4 pg./24 hr. urine specimen.

Results from urines

Typical figures, including spectrophotometer
readings, obtained from the urine of a woman
in the early proliferative phase of the menstrual
cycle and from a normal man are shown in Table 2,
to illustrate the order of results found in these
cases.

The agreement obtained between duplicate
determinations is illustrated by the following figures
taken from 100 unselected consecutive duplicate
analysis performed by one worker. The series
includes results from three normal menstrual
cycles and five recoveries from male urine where the
oestrogen levels were between 0 and 40 pg./day. The
average difference between duplicates in terms of
24 hr. excretion was 0-3 pg. in the case of oestrone

Table 1. Recoveries of oestrogens from acid-hydrolysed male urine
Results are shown as the mean percentage recovery ± the standard deviation and are corrected for the endogenous blank

values. Figures in parentheses refer to number of determinations.

Amounts added per 24 hr. urine (pg.)

4-7 25-35 3C-60

Oestriol 88±10-8 (12) 85±3-8 (11) 83±3-0 (12)
Oestrone 87±ll-7 (11) 84±5-2 (12) 82±6-l (10)
Oestradiol 80±5-5 (12) 91±7-0 (11) 86±6-6 (11)

Oestriol
Oestrone
Oestradiol

Table 2. Typical results from urines containing small amounts of oestrogens

Duplicate determinations.

Optical densities measured

480 mp.

0-276 0-276
0-137 0-140
0-235 0-261

Corrected
values516 or 518 mp. 552 or 556 mp.

Case I. Normal male (1/6 of a 24 hr. specimen)
0-234 0-234 0-150 0-150 0-042 0-042
0-147 0-149 0-060 0-060 0-097 0-098
0-195 0-214 0-134 0-149 0-021 0-018

Calculated

Oestrogen
f-g-

1-0
1-5
0-3

Case II. Normal female (early proliferative phase; 1/8-5 of a 24 hr. specimen)

Oestrogen
pg./24 hr.

6-0
9-0
1-8

Oestriol 0-252 0-226 0-210 0-186 0-138 0-116 0-030 0-030 0-7 6-0
Oestrone 0-128 0-096 0-119 0-090 0-071 0-048 0-039 0-036 0-6 5-1
Oestradiol 0-212 0-196 0-169 0-152 0-124 0-109 0-002 -0-001 0 0

Table 1. Recoveries are between 80 and 90 % even
at levels corresponding to 4 pg. per day. Similar
results with a greater scatter, but not recorded here,
were obtained in a small series at 2-5pg./day. The
scatter of results is greatest at the lowest levels as
would be expected, for the colour due to added
oestrogen is then so slight that errors in instrumen¬
tation and in measuring the endogenous oestrogen
blank, become large in comparison. These recovery
experiments show that the method is reliable for

and oestradiol or 0-4pg. in the case of oestriol;
95 % of the duplicate measurements did not differ
by more than 1-0 pg. in the case of oestrone and
oestradiol or 1-5 pg. in the case of oestriol.

The resolution into two components of the Kober
colour produced by an oestrone fraction from urine
is shown in Fig. 3.

The chromatographic behaviours of a number of
oestrogen methyl ethers and of the methylated
oestriol, oestrone and oestradiol fractions from
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pooled luteal-phase urine are shown in Table 3.
The oestrogen levels per litre of urine were: oestriol
14 fig.; oestrone 6 fig.; and oestradiol 1 /xg.

DISCUSSION

The fractions obtained by applying the method to
urine still contain impurities which interfere in the
colorimetric measurement of the oestrogens and
have a considerable effect on the specificity of the

0-20

0-16

0-12

O 0-08

0-04

v Y—v

480 500 520 540

Wavelength (mfi.)
560

Fig. 3. Wavelength/absorption curves of Kober colours
produced by A, the oestrone fraction from 1/5 of a
man's 24 hr. urine, calculated by the correction formula
to contain 1-4fig. of oestrone methyl ether; B, 1-4jag. of
pure oestrone methyl ether; C, the interfering colours
calculated by subtracting B from y1.

method. However, a considerable amount of
evidence, none of which is completely conclusive,
has been accumulated to show that the results are

significant even when the urine contains only small
amounts of oestrogens.

The red colour of the Kober reaction, with an

absorption maximum about 515 m/x., is highly
specific for the natural oestrogens. However, many
of the impurities present in urine extracts produce
yellow colours in the Kober reaction and these
may form a considerable portion of the total colour,
especially when the oestrogen concentration is low
(see Table 2). For instance, in the case of male
urine, the optical densities at about 516 nifi.
contributed by the yellow colours as calculated by
the correction formula are about 0-9, 0-67 and 0-92
of the total optical densities of the oestriol, oestrone
and oestradiol fractions respectively. This is a
serious objection, for it is necessary in these cases to
rely very much on the spectrophotometric method
for correcting for this interference. The spectro¬
photometric correction is based on the assumption
that the contaminating colours have linear wave¬
length/absorption curves in the region of the
absorption maximum of the oestrogen red colour.
This is difficult to prove, but in all the cases where
this point has been investigated colours produced
with urine extracts have been resolvable into two

components, one with the same absorption maxi¬
mum as the oestrogen Kober red colour, and the
other with a linear wavelength/absorption curve in
this region of the spectrum (Fig. 3).

The chromatographic behaviours of the urinary
Kober chromogens estimated as oestrogens after

Table 3. Elution of oestrogen methyl ethers and urine fractions from alumina* columns
Results are expressed as the percentage present in each eluate and in the case of the urine fractions refer only to the

Kober chromogens estimated as oestrogens after applying the colour correction.
Eluate (ml.)

Benzene-light petroleum

Methyl ethers
Oestrone
Oestradiol-17)3
Equilin
Equilenin
Oestradiol-17a
Urine fraction

40/60 Benzene

> r 1— 7"
A

, r —
A

—t

12/ |4 4 4 4 12 3 3 3 3 3

28 58 14 — —

3 55 35 7 —

64 34 2 — — —

— 3 68 28 1
— — — — — — 2 72 24 2 —

— 9 36 43 12 — 11 61 28 — —

Eluate (ml.) ethanol-benzene
2-5/97-5

1-4/98-6 ,—
A

11 4 4 4 4 4

Oestriol — 1 51 43 5
Urine fraction t 7 70 23 — —

Activity slightly greater than that specified in the method. f Very pigmented fraction
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applying the colour correction provide further
evidence that the method may be reasonably
specific. These substances are eluted from the
columns in exactly the same manner as the corre¬
sponding pure oestrogen methyl ethers (Table 3).
The interfering chromogenic materials, however, do
not usually behave as sharp bands on the columns
but tend to trail through the oestrogen bands with¬
out affecting their elution patterns. The chromato¬
graphic behaviours of oestrone and oestradiol-17/3
methyl ethers are not specific for these methoxy
steroids alone since equilin and equilenin methyl
ethers behave like oestrone methyl ether and
oestradiol-17a like its 17 /3 isomer (Table 3).

Further evidence for the validity of the method
comes from its practical application. Values found
in normal and pathological states agree with those
determined biologically by other workers, or ex¬

pected on clinical grounds. This evidence has been
discussed elsewhere (Brown, 1955). Other evidence
comes from a comparison of results obtained by this
method with those obtained by the very different
method of Bauld (1955). Parallel estimations
performed on the same urine sample with the two
methods agreed very closely (Marrian, 1955). As
the purification processes employed in the two
methods differ considerably, it is unlikely that
exactly the same contaminants would be present in
the final extracts from both methods.

A measure of the accuracy of the method can be
calculated from the recovery figures given in
Table 1 and from the 10-20 % losses which occur
during acid hydrolysis. Assuming that hydrolysis
of conjugated oestrogens is complete, these figures
give an overall recovery for the whole method of
between 60 and 75%, so that values obtained by
the method should be this proportion of the true
amounts of oestrogens present in the urine.

The reproducibility of the method is indicated by
the agreement between duplicates which in 95 % of
determinations is better than TO p.g./24 hr. urine for
oestrone and oestradiol and 1-5 p.g./24 hr. urine for
oestriol. These differences between duplicates are
well within the instrumental errors of the method.

As shown in Table 1, the mean recovery is practic¬
ally independent of oestrogen concentration be¬
tween 4 and 60/xg./day, but the scatter of results
becomes considerable at the lower levels. The

sensitivity of the method therefore seems to depend
on the sensitivity of the colour reaction and the
accuracy of the colour measurements, not on the
extraction procedure. Differences in oestrogen con¬
centration of the order of 2-5 p,g./24 hr. urine can be
detected, without however, any accuracy. Levels
of endogenous oestrogens lower than 5 /ag./24 hr.
urine probably have little quantitative or absolute
significance except in showing daily differences in
excretion in a series of urines from the one case.
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Unfortunately these levels include most of the
oestriol and oestradiol values found in male urine.

One person can conveniently do four to six
complete estimations in 2 days and can maintain
this output without assistance. The method has
been in use in this laboratory for more than 18
months without once giving trouble.

SUMMARY

1. A new chemical method which appears satis¬
factory for the separate estimation of oestriol,
oestrone and oestradiol-17 /3 in the urine of men and
non-pregnant women is described.

2. The method involves acid hydrolysis, ether
extraction, a new phase-change purification pro¬
cedure for the phenolic fraction depending on
methylation of the phenol group, separation of the
oestrogen methyl ethers by chromatography on
alumina columns, colorimetric measurement using
an improved Kober colour method, and spectro-
photometric correction for interfering chromogenic
material.

3. The method is discussed on the grounds of
specificity, accuracy, reproducibility, sensitivity
and convenience.

The author wishes to thank Professor G. F. Marrian,
F.R.S., for his supervision and interest in the work, and also
to acknowledge the valued interchange of ideas which
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Mr H. A. F. Blair and Miss Janet Mackie for their skilled
assistance and for their technical experience, which helped
considerably in designing a feasible method.
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SUMMARY

The method described by Brown [1955] for the estimation of oestrone, oestradiol-17/3 and oestriol
in urine has been critically investigated.

1. All checks on specificity so far carried out have confirmed that the method is specific for
these oestrogens.

2. The method gives recoveries of 70-95%.
3. The precision of the method has been calculated for oestrogen levels between 0*0 and

40*0 fig/24 hr. From the figures obtained the fiducial ranges and percentage errors of deter¬
minations and the limits of sensitivity of the method have been calculated.

4. A number of substances which may occur in urine and which interfere in the method are
listed.

It is important to know how near an analytical result approaches the true result
(accuracy), the reproducibility of results (precision), the least amount of the substance
analysed which is distinguishable from zero (sensitivity), and whether the method of
analysis measures what it is supposed to measure and nothing else (specificity)
[Borth, 1952].

This paper summarizes data on the accuracy, precision, sensitivity, and specificity
of the method devised by Brown [1955] for the estimation of oestrone, oestradiol-17/3
and oestriol in human urine. The data have been accumulated independently in two
laboratories where the method has been in constant use for a period of 3-4 years.

MATERIALS AND METHOD

The method used was exactly that described by Brown [1955] without any modi¬
fications. The estimations done in the Clinical Endocrinology Research Unit (C.E .R ,U.)
were on urines from healthy individuals, mainly women with normal menstrual
cycles, postmenopausal women, and young men. Most of the estimations done in
the Imperial Cancer Research Fund Laboratories (I.C.R.F.) were on urine from
women suffering from cancer of the breast and undergoing oophorectomy, adrenal¬
ectomy, and hypophysectomy, and from men with prostatic cancer.
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(1) Accuracy results
The absolute amount of a substance in an unknown sample can seldom be known

with certainty. All that can be done is to provide evidence for or against the
analytical result being near to the true result.

Apart from the use of substances labelled with isotopes, the only practical way
to measure accuracy is by recovery experiments in which known amounts of pure
compounds are added to a sample before analysis and the results compared with those
from a similar sample (the control) not containing added compound. In the case of
the oestrogens, the compounds which occur in urine are conjugated and need to be
hydrolysed to the free steroids before being extracted and estimated. Since all the
conjugated forms of oestrone, oestadiol-17/3 and oestriol are not known, it is im¬
possible to perform complete recovery experiments by adding the conjugates to
the urine before hydrolysis. The alternative of adding the free oestrogen to the urine
after hydrolysis has therefore been adopted by most workers for testing methods for
their estimation, although it is realized that this expedient does not test the hydrolysis
step, in which losses of oestrogen do occur [Brown, 1955]. A further disadvantage
of these recovery experiments is that when very small amounts of oestrogen relative
to the endogenous levels are added to urine, the error in measuring the endogenous
oestrogen becomes serious in comparison with the increment due to the added
oestrogen.

Table 1. Recoveries of oestrogens from acid-hydrolysed urine
Results are shown as the mean percentage recovery + s.d. and are corrected for the endogenous blank

values (no. of determinations in parentheses).

Amount Oestrone Oestradiol-17/? Oestriol

added/24 hr urine A . A
(

(fg> I.C.R.F.* C.E.R.U.* I.C.R.F. C.E.R.U. I.C.R.F. C.E.R.U,

1-0-2-4 76 + 31

(12)
— 76 + 29

(13)

— 81 + 30

(15)

—

2-5-9-9 87+10 89+14 80+19 79 + 6-6 83+12 81 + 14

(13) (15) (10) (16) (11) (16)
10-0-39-9 83 + 6 83 + 4-8 87 + 8 89 + 6-6 79 + 7 82 + 3-7

(26) (30) (19) (30) (22) (22)
40-0-100-0 82 + 6 82 + 4-7 81 + 5 85 + 5-5 77 + 7 84 + 4-2

A) (17) (7) (19) (6) (37)
* For explanation, see p. 41.

Recoveries of oestrogens added to urine after hydrolysis have already been pub¬
lished by two independent laboratories using Brown's method [Brown, 1955; Dicz-
falusy & Westman, 1956], Table 1 shows the recovery figures for oestrogens added
after hydrolysis obtained in the C.E.R.U. and I.C.R.F. laboratories. Most of these
results were accumulated from experiments performed as routine checks on the
method. Those from the I.C.R.F. include the recoveries performed at levels lower
than those which have hitherto been published.

The mean recoveries were between 75 and 90% throughout the whole range of
oestrogen concentrations tested. The standard deviations (s.d.) were greatest at the
lowest oestrogen levels, as would be expected, for the colour due to added oestrogens
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is then so slight that errors in instrumentation and in measuring the endogenous
oestrogen blank become large in comparison.

(2) Precision
An estimate of the precision of a method is obtained by carrying out repeated

estimations on a sample and calculating the s.d. of the results from their mean.
Forty estimations were carried out in this way by three workers in the I.C.R.F.
laboratories over a period of 2 months on a pooled sample of male urine. The pooled
urine was distributed in 1600 ml. polythene bottles and stored at —10° C, without
preservative. The results of the estimations are shown in Fig. 1. The mean values
and their s.d. (p.g/24 hr) were: oestrone, 4-6 + 0-44; oestradiol-17/?, 1-5 ± 0-45; oestriol,

Oestriol
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IE m rmETlTffEffrm
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No. of estimations

30 35 40

Fig. 1. Results obtained by repeated estimations on one pool of urine
(dotted lines are the mean amounts measured).

3-7 + 0-57. The variations in results include those due to the personal handling errors
of the three workers and the changes in reagents, solvents, and calibration graphs
which occurred during the 2-month period. The experiment incidentally showed that
no loss of oestrogen occurred in this urine when it was stored at — 10° C for this time.

The disadvantage of this method for estimating precision is that it is difficult to
obtain figures which cover the complete range of urines and oestrogen levels which are
likely to be encountered. Another method of obtaining an estimate of precision is
that suggested by Snedecor [1952], in which an estimate (s) of the s.d. is calculated
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from the difference between the two results of duplicate determinations in a series
of assays. The value of this method of calculation is that it gives information con¬
cerning the precision of a method under all conditions encountered during routine
use. The calculations are made as follows:

estimate of s.d. = s =

where d is the difference between the two results in a duplicate determination, and
N the number of duplicate determinations performed.

Table 2 summarizes the values of s (calculated in terms of pg/24 hr) derived from
duplicate determinations performed by skilled workers in the two laboratories. The

Table 2. Estimates of precision expressed as the estimates of the s.d.
of results from their means (from duplicate determinations)

(«)

Oestrone Oostradiol-17/? Oestriol

Range r~
A

, , A— •> t

(fig/24 hr) I.C.R.F.* C.E.R.TJ.* I.C.R.F. C.E.R.U. I.C.R.F. C.E.R.U.

0-0- 2-4 0-33 0-33 [0-45] 0-25 0-37 0-44

(137) 0-35 (106) (126) (89) (22)
2-5- 4-9 0-38 [0-44]

"

(43) 0-51 0-37 0-60 [0-57] 0-44

(66) (41) (83) (64) (34)
5-0- 9-9 0-29 0-40 0-46

(120) (64) (71)
10-0-19-9 0-59 0-44 0-96 0-53

'(43) (93) 1 0-55 (67) (75)
20-0-40-0 0-36 j (32) 0-61

. (43) J (82)
Geometric means of the s.d. (s)

0-0- 4-9 0-35 0-33 0-46

(286) (395) (248)
5-0-40-0 0-37 0-45 0-60

(299) (96) (295)

No. of duplicate determinations in parentheses. Figures in square brackets refer to s.d. from the
replicate expt.

* For explanation see p. 41.

S.d. calculated from the data presented in Fig. 1 are also included. The values for s
are given for each oestrogen at various levels between 0-0 and 40-0 pg/24hr. The upper
limit of 40 pg has been fixed, since above this the method needs to be modified by
taking smaller aliquots for assay [Brown, 1956],

There is no gross disagreement between the figures for s obtained in the two labora¬
tories, and the values for s agree well with those for the s.d. derived from the
replicate experiment shown in Fig. 1. For oestrogen concentrations between 0 and
40 pg/24 hr the s figures for oestrone were practically constant, whereas those for
oestradiol and oestriol tended to increase with increasing oestrogen concentration,
but this was by no means a directly proportional effect. The geometric means of the
s figures for oestrogen concentrations between 0 and 4-9 pg/24 hr and between
5-0 and 40 pg/24 hr were also calculated (Table 2); these mean figures have been used
in the sample calculations made below. It should be pointed out that the s values given
here refer to the precision obtained by skilled workers in the two laboratories. Some
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workers rapidly acquire and maintain this degree of precision while others do not.
The overall accuracy of the results of these latter workers is ensured by repeating
those determinations where the difference between the pair of observed values is
greater than 3s. Assuming that the method is specific, it is possible to calculate the
following data from the s figures.

(а) Fiducial range of a determination. This is derived from the formula M ± IsjfiN,
where M is the mean of N determinations. For example, in the case where the
estimation is done in duplicate, and the oestrogen concentration is less than 5-0 p,g/
24 hr, the fiducial range (P = 0-01) of the mean of the two results is M + l-82s, where
t = 2-572. This becomes M ± 0-64 for oestrone, M ± 0-60 for oestradiol and M ± 0-84
for oestriol (pg/24 hr).

(б) Maximum percentage error of a determination, or alternatively the number of
estimations required so that the percentage error is less than a specified amount. The
general formula for calculating this is: maximum % error = +100ts/MfiN. For
example, if it is specified that the percentage error should not be more than ± 25 %
(P = 0-01), then the smallest amount of oestrogen (pg/24 hr) which can be measured
with this accuracy is, with a single estimation, oestrone 3-6, oestradiol 3-4, and oestriol
4-7. With a duplicate determination the corresponding figures are oestrone 2-5,
oestradiol 2-4, and oestriol 3-3, and so on.

The percentage errors of duplicate determinations (P = 0-01) at various levels of
oestrogen, calculated on this basis, are shown in Fig. 2.

/ig oestrogen/24 hr urine

Fig. 2. Maximum percentage error (P = 0-01) of duplicate determinations at various concentrations
of oestrogens, calculated from the precision figures.

(c) Whether two groups of results differ significantly from each other. Where,
for instance, the determinations are done in duplicate, the means should differ

by tJ^ j to be significantly different.
(d) Sensitivity of the method. The qualitative sensitivity of the method is the least

amount of substance measured which is distinguishable from zero. The sensitivity
thus defined can be calculated as ts/^/N. For example, when the determinations are
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done in duplicate, the sensitivity of the method (P = 0-01) expressed in p.g/24 hr is
oestrone 0-64, oestradiol 0-60, and oestriol 0-84. At these levels the maximum
percentage error (P = 0-01) for the duplicate determination is, of course, ± 100%.

The quantitative sensitivity of the method is the least amount of substance which
can be measured with an error which is not more than a specified error. The calculation
of this is considered in section (b) above.

(3) Specificity
Conclusive evidence for the absolute specificity of a quantitative method can

seldom be obtained. Often the best that can be done is to accumulate as much
evidence as possible to show that the method measures what it is supposed to measure
and nothing else. A variety of physico-chemical and biological methods may be used
to check the specificity of the Brown method. The classical procedures such as
melting-point determinations or direct spectroscopy cannot be used on the final
oestrogen fractions (except from late pregnancy urine) because the oestrogens are
present in pg amounts contaminated with considerable quantities of impurities.
Brown [1955] based his evidence for the specificity of the method on the purification
procedures employed in his method, on the fact that the substances measured
behaved chromatographically on the alumina columns in the same way as pure
oestrogen methyl ethers, on the high specificity of the Kober reaction, and on
the agreement of the results obtained using his method with those obtained using
the very different chemical method of Bauld [1956] (see Marrian [1955]).

Convincing evidence for the specificity of the method has been obtained by
Diczfalusy [1955] who subjected oestrogen methyl ether fractions obtained from urine
by the Brown method, and derivatives prepared from them, to countercurrent
distribution. In all cases, the partition coefficients calculated for the substances
measured as oestrogen methyl ethers in the Brown method, or their derivatives,
agreed very closely with those found for the pure compounds. From these experi¬
ments Diczfalusy [1955] concluded that Brown's method is specific for oestrone,
oestradiol-17/3 and oestriol even when the urine contains only small amounts of
oestrogen.

Further evidence for the specificity of the method has been obtained by Bulbrook,
Greenwood & Williams [1956] using a bioassay method. The phenolic fraction was
extracted from a specimen of hydrolysed urine, and the amounts of oestrogens it
contained were calculated from the results of a chemical estimation performed on
the original urine. Pure oestrogens were mixed in these amounts and the biological
activity of the mixture was compared with that of the phenolic fraction. If the
chemical estimation was correct, the biological activity of the mixture should have
been the same as that of the phenolic fraction. Such a satisfactory correlation was
found for normal urine. The correlation was not so good when the urine was obtained
from patients who had been adrenalectomized or hypophysectomized and were
being maintained on cortisone, although the bioassay results did confirm that oestro-
genic activity was present when oestrogen had been detected chemically. Subsequent
work lias shown that this discrepancy is due to interference by cortisone metabolites
in the chemical estimation of oestradiol and oestriol. This interference can be elimi¬
nated by applying the saponification step devised by Bauld [1956] to the further



ESTIMATION OF URINARY OESTROGENS 47

purification of the phenolic fraction obtained in Brown's method [Brown, Bulbrook
& Greenwood, 1957], It has been found that the excretion products of certain drugs
can interfere in the Brown method. The aperients phenolphthalein, senna [Hobkirk,
personal communication], and cascara interfere by causing falsely high or negative
oestradiol values. Their presence can be inferred by the appearance of intense red
colours (in the case of senna this is presumably due to chrysophanic acid) at the
stages of the method where alkaline solutions are used, by pigment bands running
with the oestradiol fraction during chromatography and by the presence of unusually
large amounts of yellow-brown pigments in the oestradiol fraction after developing
the Kober colour.

The synthetic oestrogens, stilboestrol and ethinyl oestradiol, also interfere in the
estimation of oestradiol-17/3, stilboestrol by giving falsely low or negative values
and ethinyl oestradiol by giving falsely high values.

Some of the 16-eyn'oestriol [Marrian & Bauld, 1955] present in urine may appear
in both the oestradiol-17/3 and oestriol fractions. This is because 16-epioestriol forms
two methoxy derivatives during the methylation stages of the method: one is eluted
from the alumina columns just in front of the oestriol fraction and the other is eluted
closely behind the oestradiol-17/3 fraction. However, this contamination can usually
be disregarded as 16-epioestriol is a minor oestrogen in urine [Watson & Marrian,
1956], 16a-Hydroxyoestrone [Marrian, Loke, Watson & Panattoni, 1957] is com¬
pletely destroyed during the various stages of the method and does not interfere
with the results.

DISCUSSION

Brown [1955] stated that the results of estimations of endogenous oestrogen below
5 p.g/24 lir had little quantitative or absolute significance and that differences in
oestrogen concentration of the order of 2-5 p.g/24 hr were detectable but could not
be accurately measured. This level of reliability was fixed because of lack of confidence
in the specificity of the method at the lower levels. Since then the specificity has
been further tested, and all the evidence points to the fact that when the method is
applied to normal urines, and the taking of certain drugs can be excluded, oestrone,
oestradiol-17/3 and oestriol are measured, and nothing else. In the absence of any
evidence against the specificity of the method greater confidence can be placed in
results < 5 p.g/24 hr. The lower limits of the method as calculated from the precision
data depend, of course, on the number of replicate estimations performed. For
duplicate determinations, the lowest levels, in p.g/24 hr, distinguishable from zero
are: oestrone, 0-64; oestradiol, 0-60; and oestriol, 0-84 (P = 0-01). At these levels
the results may have an error of + 100 %. The acceptable error in any type of work
depends on the problem being studied. A maximum error in a method of + 25 %
seems tolerable to us for most kinds of clinical research, especially when serial esti¬
mations are carried out. The error of the results obtained from duplicate determina¬
tions by Brown's method does not become more than this figure until levels (/xg/24 hr)
below 2-5 /j.g oestrone, 2-4 pg oestradiol, and 3-3 p.g oestriol, are being measured.
This is the 'quantitative' limit of the method for duplicate analyses. Between these
levels and the lowest levels distinguishable from zero given above, the maximum
error of duplicate analyses increases from + 25 % to ± 100 %. In this range, although
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the results of duplicate determinations may have little quantitative meaning, they
do show that the particular oestrogen is present. If quantitative results are required
in this range, a correspondingly larger number of replicate estimations will be re¬
quired. However, this method of increasing sensitivity may not always be a practical
proposition.

According to these figures, the method is more useful than was originally claimed.
For instance, it is sensitive enough to be used to measure most of the urinary oestrogen
levels encountered in normal men and women, castrated men, postmenopausal
women and women with amenorrhoea.

Caution is necessary when dealing with urines from patients because the disease
or treatment may give rise to substances in the urine which interfere with the
estimation. The substances known to interfere are listed in the section dealing with
specificity. Many of them are drugs which can be discontinued without detriment
to the patient. Cortisone is a notable exception since it is necessary, in relatively
large doses, for the maintenance of adrenalectomized patients. Patients with adrenal
carcinoma may also excrete enough corticosteroids to interfere in the oestrogen
estimation. For this reason it is advisable to use the modified method described by
Brown et al. [1957] when there is any suspicion that the corticosteroid excretion of
the patient is much higher than normal.

The authors wish to thank Prof. G. F. Marrian and Prof. J. H. Gaddum for their
interest and help in this work.
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SUMMARY

1. A modification of a method for estimating urinary oestrogens is described and its accuracy
confirmed.

2. For most urine specimens the modified method gives practically the same results as the
original method. In large series of comparisons, however, small but significant differences are
found in the amounts of oestrone and oestriol measured by the two methods.

3. Interference caused by administration of certain drugs or by the secretion of large amounts
of neutral steroids is reduced or abolished by using the modified method. The amounts of im¬
purities in the final urine extracts are reduced by approximately 50 %.

Substances derived from administered cortisone, stilboestrol, some aperients and
sedatives, may interfere in the estimation of oestriol, oestrone and oestradiol-17/3
in urine when the method described by Brown [1955] is used. Furthermore, the
method is not applicable to urine which has been hydrolysed by the enzymes of
Patella vidgata [Dodgson & Spencer, 1953] because substances are present which
interfere in the colorimetry of the oestriol fraction.

Bauld [1956] described a method for estimating oestrogens in urine which in¬
corporated a purification step depending on saponification of the urinary phenolic
fractions. He found that when such fractions were boiled with N-NaOH, considerable
amounts of the impurities present which produced interfering colours in the Kober re¬
action were modified in such a way that they could be easily removed by simple solvent
partitions. Such treatment caused no loss of oestriol, oestrone, and ©estradiol-17/3.

Bauld's procedure has now been added to Brown's method at a stage immediately
before the methylation step. Further purification has also been achieved by making
use of the partition properties of the oestrogens between organic solvents and alkaline
solutions of high and low salt concentrations. These additional steps eliminate
interference by administered or endogenous cortisone [Bulbrook, Greenwood &
Williams, unpublished observations] or by substances derived from enzyme-hydro-
lysed urine [Brown & Blair, to be published], and either reduce or eliminate inter¬
ference by stilboestrol and some other drugs.

In this paper, the method described by Brown [1955] will be referred to as method
A; that now described, incorporating the saponification step, will be referred to as
method B.

[Reprinted from THE JOURNAL OF ENDOCRINOLOGY [1957], 16, 49]
[All rights reserved] printed in great Britain
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METHODS AND RESULTS

Method A is exactly as described by Brown [1955].
Method B is method A unmodified up to the stage of separating the phenolic

fraction from the neutral fraction and oestriol from oestrone and oestradiol. The
mixture of benzene and light petroleum (25 ml. + 25 ml.) is extracted with two
25 ml. vol. ofwater (the oestriol fraction) and then with two 25 ml. vol. of 1 • 6 % NaOH
(the oestrone and oestradiol fractions). NaOH pellets (2 g) are added to the oestriol
fraction in water and 1-2 g to the oestradiol and oestrone fraction in 1-6% NaOH.
These solutions are boiled for 30 min under reflux, cooled, and solid NaHC03 (6 g)
dissolved in each.

The NaOH-NaHCOg solution containing the oestriol fraction is extracted once
with diethyl ether (50 ml.). The ether layer now containing the oestriol is extracted
with two 25 ml. vol. of 1-6 % NaOH. Boric acid (0-9 g) is added to the NaOH extracts
and the oestriol is methylated with dimethyl sulphate as in the original method
except that the first 4 ml. of 20 % NaOH is no longer required.

The NaOH-NaHCOg solution containing the oestrone and oestradiol fraction is
extracted once with 25 ml. benzene. The benzene extract now containing the oestrone
and oestradiol is washed once with water (5 ml.), light petroleum (25 ml.) is added
and the oestrone and oestradiol are re-extracted with two 25 ml. vol. of 1-6 % NaOH.
Boric acid (0-9 g) is added to the NaOH extracts and the oestrone and oestradiol are
methylated as in the original method.

The estimation is then continued as in method A without further modification.

Accuracy of method B
The accuracy ofmethod B was tested by performing a series of recovery experiments

in which known amounts of oestriol, oestrone and oestradiol-17/3 were added to
portions of acid-hydrolysed urines obtained from various individuals (Clinical Endo¬
crinology Research Unit (C.E.R.U.) series) and to a pool of male urine (Imperial
Cancer Research Fund (I.C.R.F.) series). The results are summarized in Table 1.

Table 1. Recoveries of oestrogens from acid-hydrolysed urine using method B
C.E.R.U.* series X.C.R.F.* series

Oestrone 79 + 4-6(11) 81 + 4-5(11)
Oestradiol-17/? 85 + 5-5 (11) 92 + 5-1 (11)
Oestriol 85±4-l(15) 87 + 7-2(11)

Results are shown as the mean percentage recovery + s.D. and are corrected for the endogenous blank
values. No. of determinations in parentheses. Oestrogens were added in amounts equivalent to
30 /xg/24 hr to aliquots of acid-hydrolysed urine.

* For explanation, see above.

The results of these recovery experiments are very similar to those found for
method A [Brown, Bulbrook & Greenwood, 1957],

Comparison of results obtained with methods A and B
(1) Urines from subjects not receiving drugs

(a) Estimated oestrogen levels. Parallel determinations using the two methods were
performed on a series of urines from men, pre- and postmenopausal women, and
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women with menstrual disorders (C.E.R.U.). The mean differences between the oes¬
trogen levels measured by the two methods with an estimate (s) of their standard
deviations are shown in Table 2. Repeated determinations using both methods were
performed on a pool of male urine (I.C.R.F.). The mean oestrogen levels obtained
using method A and the mean oestrogen levels obtained using method B, together
with their standard deviations (s.d.), are shown in Table 3. The two sets of data were
tested (Student's test) to determine whether the results obtained with one method
differed significantly from the results obtained with the other.

Table 2. Comparison of results obtained with methods A and B
Range of estimated oestrogen levels (pg/24 hr)

Oestrone

Oestradiol-17/?

Oestriol

0-0-4-9 5-0-50-0

Mean difference

(A-B)
+ s

+ 0-2 + 0-4 (31)

-0-2 + 0-8 (28)

-0-8 + 0-7 (22)

Significance
1 = 2-2

P<0-05

1 = 1-5
P> 0-05

1=6-0
P< 0-001

Mean difference

(A-B)
+ 8

+ 1-3+1-7 (17)

-0-5 + 1-4 (10)

-0-9+1-5 (30)

Significance
1 = 3-7

P<0-01

1=1-0
P>0-05

1 = 3-0
P<0-01

Figures given were obtained from parallel determinations on different urines and are the means (± s.d.)
of the differences, i.e. result by method A minus result by method B, expressed in yn.g/24 hr urine.
Estimates, s, of the s.d. of the differences are shown. Values of 1 and P are calculated to test the signifi¬
cance of the differences. No. of comparisons shown in parentheses.

Table 3. Comparison of results obtained with methods A and B
Mean amounts measured

Method A Method B Significance
Oestrone 3-07 + 0-44 (13) 2-94 + 0-32 (14) 1 = 0-9

P>0-1

Oestradiol-17/? 1-06 + 0-42 (13) 1-28 + 0-22 (13) 1 = 0-6
P>0-1

Oestriol 2-13 + 0-46 (11) 3-25 + 0-55 (12) 1 = 5-31
P< 0-001

The figures given were from repeated determinations on the one urine pool, and are the means (+ S.D.)
of the results obtained by the two methods expressed as fxg/24 hr. The values of 1 and P are calculated to
test the significance of the difference between the means. No. of replicate determinations shown in
parentheses.

The precision of method A is such that two estimations must differ by more than
1-3 pg/24 hr for oestrone, 1-2 pg/24 hr for oestradiol and 1-7 /xg/24 hr for oestriol for
them to be significantly different (P = 0-01) [Brown et al. 1957], On this basis many
of the results of single determinations by method B were the same as those obtained
by method A.

Nevertheless, when the results of large numbers of determinations made by method
B were compared with those made by method A, the oestriol values were significantly
higher, whatever the concentration measured, while the oestrone values were
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significantly lower when the amounts of oestrone measured were more than
3-0 p,g/24hr.

(6) Purity of the final urine extracts. The colours produced by urine extracts in the
Kober reaction are made up of two components, one due to oestrogen and the other due
to impurities. The optical density of the colour due to the oestrogen present can be
calculated by applying Allen's formula [1950]. The optical density due to impurities
('OD impurities') can be calculated by subtracting the optical density due to oes¬
trogen from the observed optical density. The Kober colours obtained during the above
series of comparisons were analysed in this way. The results (at wavelength 516 m/x)
expressed as the ratio

' OD impurities' method B ,
— v 1 Of)

' OD impurities' method A
are shown in Table 4. The ratio gives an estimate of the added purification achieved
in method B.

Table 4. Impurities present in Kober colours obtained in method B
compared with those obtained in method A

Ratio of impurities B/A %
A

C.E.R.U.* series I.C.R.F.* series

Oestrone 59+14 (32) 64+18 (13)
Oestradiol-17/? 50± 12 (32) 61 + 17(13)
Oestriol 46± 8 (32) 43± 5(11)

Results are expressed as mean ( + S.D.) of ('OD impurities' in B/'OD impurities' in A) x 100 (see above).
No. of comparisons in parentheses.

* For explanation, see p. 50.

The extra purification step in method B removes approximately 50 % of the urinary
impurities which are present in the colorimetric measurement of the oestrogens in
method A.

(2) Urines from subjects receiving certain drugs
The administration of phenolphthalein, senna [Hobkirk, personal communication],

cascara, stilboestrol, cortisone, and the sedative meprobamate (2-methyl-2n-propyl-
1:3-propanediol dicarbamate) may interfere with the subsequent determination of
urinary oestrogens using method A. Typical results using both methods on urines
from patients receiving these drugs, together with the number of comparisons made,
are given in Table 5.

Subject 1 was an oophorectomized-adrenalectomized woman, maintained on
50 mg cortisone daily, who was presumably excreting little or no oestrogen. After
the administration of phenolphthalein, senna or cascara, method A gave oestradiol
values which were erroneously high or negative. When the dose of cortisone was
increased to 200 mg both the oestradiol and oestriol values became negative. How¬
ever, when method B was used correct values were obtained except after the admini¬
stration of senna, when erroneously high levels of oestradiol were still found.

After the administration of meprobamate (case 4) results obtained by method B
were within the normal range for the subject studied, while the oestriol levels given
by method A were obviously much too high.
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Negative oestradiol values are commonly found after the administration of stilb-
oestrol, though this effect is less marked when method B is used. Preliminary
experiments indicate that the interference is due to stilboestrol excreted in the urine.
During the methylation stage of the method this is converted mainly to dimethoxy-
stilboestrol, but small amounts of monomethoxy stilboestrol are also formed. The
dimethoxy compound is eluted from the alumina columns before the oestrone fraction
and does not interfere. The monomethoxy derivative, however, appears in the oes¬
tradiol fraction and is responsible for the negative readings obtained. When very
large doses of stilboestrol are administered the oestrone values may also be depressed.

Table 5. Effect of drugs on the results of oestrogen determinations
made by methods A and B

Dose Oestra¬

Drug (mg/24 hr) Case Method Oestrone diol- 17/? Oestriol

Phenolphthalein (5) 240 1 A 1-5 19-0 -1-2
B 1-2 Nil Nil

Senna (4) 400 1 A 1-4 5-0 Nil
B 2-0 5-8 Nil

Cascara (2) 240 1 A Nil -6-4 Nil
B Nil Nil Nil

Cortisone (46) 200 1 A Nil -1-0 -6-6
B Nil Nil + 1-3

75 2 A 3-2 -8-2 3-3
B 2-8 1-5 5-6

Stilboestrol (8) 10 3 A Nil -11-1 1-3
B Nil -5-0 2-0

Meprobamate (1) 400 4 A 7-7 2-1 49-6
B 6-8 2-5 8-1

Results are expressed as apparent oestrogens, ju.g/24 hr urine. Cases 1, 2: oophorectomized-adrenalec-
tomized women with mammary cancer; case 3: male with prostatic cancer; case 4: normal male.

No. of comparisons made on different individuals given in parentheses (col. 1): only typical examples
shown.

Forty-six parallel determinations using methods A and B were performed on
urines from patients receiving cortisone. Negative oestriol and oestradiol values
were often obtained using method A, especially when large doses of cortisone were
administered. No negative values were obtained using method B and in approxi¬
mately 50 % of the comparisons the oestriol and oestradiol values were considerably
higher than those obtained with method A. Typical results from this series are
included in Table 5.

Since the administration of cortisone leads to the excretion of substances which
interfere in the estimation of oestriol and oestradiol when method A is used, it
seemed reasonable to expect that urines of subjects who were themselves producing
large amounts of corticoids would also contain these interfering substances. For
this reason, parallel determinations using the two methods were performed on urines
from four cases with adrenal carcinoma. (These urines were kindly supplied from
the wards of St Bartholomew's and Middlesex Hospitals.) The results obtained are
listed in Table 6, together with the levels of 17-oxosteroids and 17-oxogenic steroids
found in the same urines by the method of Norymberski, Stubbs & West [1953],
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The four cases were excreting large amounts of neutral steroids. In three cases

the oestriol and oestradiol values obtained by method A were considerably lower
than those obtained by method B, even to the extent of being negative. The speci¬
ficity of the results obtained by method B were tested in one case (case 1) by a parallel
biological assay with good agreement [Bulbrook, Greenwood & Williams, unpublished].

Table 6. Oestrogen levels obtained by methods A and B (mg/24 hr)
in cases with adrenal carcinoma

Purity of final Excretion (mg/24 hr)
Excretion (/xg/24 hr) extracts B/A, % , A

,
A

, ,
1 17-oxo- 17-oxogenic

Case Method 0* D* p* O D T steroids steroids

(1) Male (aged 7) A 18-4 1-6 -8-2 26 61 37 73 47
B 15-8 3-0 8-8
A 5-3 0-8 -16-2 11 44 55 137 94
B 7-4 1-9 11-2

(2) Female (aged 18) A 14-5 -2-6 -25-1 10 20 39 440 24
B 15-4 4-7 4-6
A 8-4 0 -19-0 45 34 43 480 —

B 5-5 1-0 4-8

(3) Male (aged 24) A 41-9 4-6 74-1 30 36 24 111 22
B 39-7 7-9 68-1

(4) Female (aged 22) A 54-9 13-2 167-0 49 68 5 43 86
B 58-5 15-5 434-0

* 0 = oestrone; D = oestradiol-17/8; T = oestriol.

Unusually intense brown colours were frequently found in the Kober reaction
when these urines were assayed by method A. The exceptional degree of purification
achieved in method B in these cases is also shown in Table 6. In view of this puri¬
fication and the one biological correlation, it is reasonable to assume that the results
obtained in these cases with adrenal carcinoma were correct when method B was

used. Of the four cases studied, the urinary oestrogen levels were abnormally high
in three. One case only (case 2) was excreting amounts which were within the normal
range for her age and sex.

Unidentified substances were found in the final methylated oestriol and oestradiol
fractions prepared by method A from the urine of cases with adrenal carcinoma or

receiving cortisone, which behaved as 17-oxo- or 17-oxogenic steroids in the method
of Norymberski et al. [1953] and which gave negative corrected values in the Kober
reaction. These substances were not present in urine extracts prepared by method B.

(3) Urines which have been hydrolysed by the glucuronidase and phenol-sulphatases of
Patella vulgata

The evidence that method A gives falsely low estimates of oestriol in urine which
has been hydrolysed by enzymes instead of acid, while method B gives reliable
estimates of oestriol as well as oestrone and oestradiol, is described elsewhere [Brown
& Blair, to be published].
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DISCUSSION

For the majority of urines, results obtained using method B are practically identical
with those obtained with method A. Recovery figures obtained in the two labora¬
tories are within the same range as those for method A, and in general the differences
between parallel estimations made by the two methods on normal urines are practic¬
ally within the precision range of A [Brown et al. 1957], Even so, the values obtained
for oestriol are slightly, though significantly, higher when method B is used (Tables
2, 3). Since this difference is constant over the whole range of oestriol levels investi¬
gated, it cannot be due to otherwise imperceptible differences in the amounts re¬
covered. A possible explanation for this finding is that the amount of colour formed
by oestriol in the Kober colour reaction is depressed slightly by impurities which
are present in fractions obtained by method A but are eliminated in method B.
These impurities could be urinary corticoid metabolites since elevated titres of these
substances, whether derived from administered cortisone or from endogenous produc¬
tion, are usually found in urines in which the final oestriol colour is greatly depressed.

In the range 0-0-4-9 /xg/24 hr the mean differences in the oestrone levels found in
a large series of parallel determinations performed using the two methods was
0-2 fj,g/24 hr, which was significant. However, in the bulked urine, at 3-0 /xg/24 hr
the mean difference was only 0-13 /xg/24 hr which was not significant. Above
5 /xg/24 hr the mean difference was 1-3 /xg/24 hr which was highly significant. These
results indicate that a small loss of oestrone occurs during the saponification step
which is apparent only when large series of determinations are made and when
there is more than 3-0 /xg/24 hr of oestrone present.

The additional purification steps are effective in abolishing the negative oestrogen
values commonly obtained from the urine of patients receiving cortisone or who are
themselves producing large amounts of neutral steroids. When method B uncovers
more oestriol and oestradiol in these cases the higher results appear to be the true ones
since they correlate with bioassay (preliminary observations) while the corresponding
results obtained by method A do not [Bulbrook Greenwood & Williams, 1956].

In the cases reported, the administration of phenolphthalein and cascara led to
spurious oestradiol results when method A was used but not when method B was
used. Administered senna interfered in both methods. However, none of these
effects is completely consistent and therefore it is obligatory to discontinue the ad¬
ministration of these particular aperients several days before collecting urine for
oestrogen determinations and to replace them, if necessary, with liquid paraffin
which causes no interference.

Interference by the sedative meprobamate was completely abolished by using
method B.

The specificity of method A has been established under a variety of conditions.
The added purification achieved in method B, together with elimination of inter¬
ference by certain drugs, allows even greater confidence to be placed in the results
obtained by this method. For this reason it is preferable to use method B for urines
containing small amounts of oestrogens such as those from postmenopausal women,
adrenalectomized or hypophysectomized women, patients receiving cortisone, or
patients excreting abnormal amounts of neutral steroids.



56 J. B. BROWN, R. D. BULBROOK AND F. C. GREENWOOD
In other cases, however, since the results obtained by the two methods are prac¬

tically identical, the extra labour involved in using method B may not be warranted,
provided that any doubtful results obtained by method A are checked using the
longer method. Generally, these doubtful results are easily predicted by one of the
following signs:

(1) The appearance of deep red or purplish brown colours at the alkali stages of
the method.

(2) Pigment bands running with the oestrone or oestradiol fractions on the alumina
columns.

(3) The formation of pink colours immediately on adding the Kober reagents to
the oestrogen fractions and before heating; unusually dense yellow brown colours
in the Kober reaction.

(4) Negative corrected readings and unusual oestriol, oestrone and oestradiol
ratios in the final results.

It is likely that drugs other than those listed here, and clinical conditions other
than adrenal carcinoma, will be found which lead to the excretion of substances
which interfere in the estimation of urinary oestrogens. It is therefore advisable to
re-establish the specificity of the method when applying it to a study of new patho¬
logical conditions or to new forms of treatment.

The authors wish to thank Prof. G. F. Marrian for his interest in this work.
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SUMMARY

The hydrolysis of the conjugates of oestrone, oestradiol-17/3 and oestriol present in human urine
has been investigated using acids and the enzymes ^-glucuronidase and phenol sulphatase
derived from Patella vulgata.

Using acid hydrolysis, maximum yields were obtained from the majority of urines by boiling
60 min with 15 vol. % concentrated hydrochloric acid. Under these conditions losses amounting
to approx. 20 % of the oestrogens present occur in concentrated urine specimens. These losses
can be diminished by diluting the urine with water before hydrolysis.

Using enzymic hydrolysis, maximum yields were obtained by incubating the urine for 96 hr
at 37° C and pH 4-7 with approx. 600 u./ml. ^-glucuronidase.

When allowance was made for the losses which occur during acid hydrolysis, the yields from
pregnancy and non-pregnancy urine were approximately the same by the two hydrolytic
procedures. From this, it is inferred that no unknown major error exists in either procedure.

Oestrone, oestradiol-17/9 and oestriol are excreted in human urine conjugated with
glucuronic acid and probably with sulphuric acid.

Hydrolysis of the conjugates is a necessary preliminary step in the estimation of
these oestrogens in human urine. This is accomplished by heating the urine with
mineral acids or by treatment with the enzymes ^-glucuronidase and phenol sulpha¬
tase. Since all the conjugates of the oestrogens in urine are not known it is difficult
to determine whether a procedure for hydrolysing them is quantitative. All that can
be done is to search for conditions which give the highest yields of free oestrogens
from urine. The early work done in this direction was reviewed by Marrian & Bauld
[1951] who concluded, at that time, that the best conditions were obtained by boiling
the urine (100 vol.) under reflux for 1 hr with concentrated hydrochloric acid (15 vol.).
They also recommended the addition of a mild reducing agent to protect the liberated
oestrogens from oxidative destruction during the hot acid hydrolysis. Since then,
a number of workers have reported better results from hydrolysing the oestrogen
glucuronides with /^-glucuronidase [Katzman, Straw, Buehler & Doisy, 1954; Beer
& Gallagher, 1955]. This work on hydrolysis was handicapped by tedious methods
for estimating the liberated oestrogens and by the expense of the enzyme preparations.
It was therefore difficult to investigate in detail the optimum hydrolysis conditions
for all types of urines. Recently, these difficulties have been overcome, first by the
development of reliable chemical methods* for estimating the liberated oestrone,

* These methods do not measure the recently isolated oestrogens, 16-epioestriol [Marrian & Bauld,
1955], 16a-hydroxyoestrone [Marrian, Watson & Panattoni, 1957; Marrian, Loke, Watson & Panattoni,
1957], 2-methoxyoestrone [Kraychy & Gallagher, 1957] or 18-hydroxyoestrone [Loke, Watson & Marrian,
1957]. The investigations described here apply only to oestrone, oestradiol-17/3 and oestriol.

26-2
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oestradiol-17/3 and oestriol [Brown, 1955; Bauld, 1956; Brown, Bulbrook & Green¬
wood, 19576], and second by the discovery that certain molluscs are rich sources
of the enzymes ^-glucuronidase and phenol sulphatase [Dodgson & Spencer, 1953].

The purpose of the present paper is:
(1) To describe a re-investigation of the optimum conditions for hydrolysing

conjugated oestrone, oestradiol-17/3 and oestriol in human urine, using these new
developments.

(2) To compare the yields obtained by acid hydrolysis and by enzymic hydrolysis-

experimental procedures and results

Hydrolysis of oestrogen conjugates with acid
Earlier workers [see Marrian & Bauld, 1951] have shown that the efficacy of acid
hydrolysis depends on temperature, acid concentration and time. They have also
shown that destruction of oestrogens may occur during boiling with acids. In the
present work it was found that the use of the higher temperatures obtainable by
autoclaving [Cohen & Marrian, 1935], and therefore lower acid concentrations and
shorter heating times, had no advantage over the 'open flask' method originally
proposed by Smith & Smith [1935], Consequently, only the results obtained by the
latter method will be described. The urine was generally brought to the boil under
a reflux condenser and the acid was added through the condenser as suggested by
Stevenson & Marrian [1947], The liberated oestrone, oestradiol-17/3 and oestriol were
measured by the method of Brown [1955] or the modification of this method described
by Brown et al. [19576].

Effect of acid concentration and boiling time on yield of oestrogens from urine
(а) Pregnancy urine. In a typical experiment, a 24 hr specimen of urine from

a woman 5 months pregnant was diluted to 2500 ml. with water. Ten ml. fractions
of this diluted urine were made up to 100 ml. with water and boiled for various periods
of time (15, 30, 60 and 120 min) with various amounts (10, 15 and 20 ml.) of conc. HC1.
Other similar fractions were boiled 60 min with 10, 15 and 20 ml. 55% (v/v) H2S04
(approx. 10 m). The yields of oestrone, oestradiol-17/3 and oestriol by these treatments
are shown in Fig. 1.

The yields were maximal when the urine was boiled for 60-120 min with 15-20 vol.
% conc. HC1 or for 120 min with 10 vol. % HC1. The 55 % (v/v) H2S04 gave almost
the same results as conc. HC1, which has approximately the same molarity. From
this, it appears that only the first dissociation of H2S04 is important in the hydrolysis
of oestrogen conjugates under these conditions.

In two other experiments, using urine from different pregnant women, the diluted
urine was boiled 1, 2, 3 and 4 hr with 15 vol. % HC1 and 1 hr with 15, 20, 30, 40 and
50 vol. % HC1. The results expressed as percentages of those obtained by boiling the
urine 1 hr with 15 vol. % HC1 are shown in Table 1.

These results illustrate the stability of oestrone, oestradiol-17/3 and oestriol in urine
to boiling with HC1, even at the concentration of 50 vol. HC1/100 vol. diluted urine.
They also show that one set of conditions is not always optimal for all three oestrogens.

(б) Non-pregnancy urine. Concentrated specimens of urine were collected from two
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Fig. 1. Effects of acid concentration and boiling time on yields of oestrogens from urine of a pregnant
woman. #—9, 10 vol. % HC1; X — X , 15 vol. % HC1; O—O, 20 vol. % HC1; ®, 10, 15, 20 vol. %
10M-H2SO4.

Table 1. Yields of oestrogens from diluted pregnancy urine by boiling with acid
(Results are shown as percentages of yields obtained by boiling 1 hr with 15 vol. % HC1.)

Boiling time (hr)
with 15 vol. % HC1

1 2 3 4

Urine A Oestrone 100 115 100 95

(diluted 1:4) Oestradiol 100 96 94 94
Oestriol 100 103 95 84

HC1 conc. (vol. %)•
Boiling time 1 hr

A

15 20 30 40 50

Urine B Oestrone 100 111 117 110 108

(diluted 1:10) Oestradiol 100 95 104 95 88
Oestriol 100 96 111 97 94
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women having menstrual cycles. The specimens were diluted to 1200 ml. with water,
and 200 ml. portions were boiled for various periods of time with 15 vol. % conc. HC1.
The yields are shown in Fig. 2.

Maximum yields were obtained in both cases after boiling for 60 min. In one case,
the yields remained constant between 60 and 120 min boiling, while they decreased
in the other.

Loss of oestrogens during boiling with acids
To determine whether the oestrogens are stable to boiling with urine and acids,

recovery experiments were performed in which pure oestrone, oestradiol-17/3 and
oestriol (5 p.g) were added to urine (200 ml.) before hydrolysis. In general, concentrated

Table 2. Recoveries of oestrogens from acid-hydrolysed urine
(Results are shown as the mean percentage recovery + s.d. and are corrected for the endogenous blank

values. Urines were hydrolysed by boiling 60 min with 15 vol. % HC1.)
No. of

Oestrogens added before hydrolysis expts. Oestrone Oestradiol Oestriol

Urine 24 hr vol. (1200 ml.) 22 63 + 4-5 56 ±5-8 62 + 5-7

Urine 24 hr vol. (2000-2400 ml.) 17 72 + 5-6 66 + 7-2 72 + 7-3
Urine 20 ml. + water 80 ml. 1 74 83 79
Urine lOml. + water 90 ml. 4 83 ±7-0 85 ±3-0 80+ 1-0

*Urine 10 ml. + water 90 ml. 12 83 ±1-4 81 + 4-0 81 ±3-0

Oestrogens added after hydrolysis 12 82 + 6-8 84 + 6-2 82 + 2-9

Amounts added: oestrone and oestradiol 5 fig and oestriol 10 fig.
* Oestrone 20 fig; oestradiol 10 fig; oestriol 200 fig.

0 20 40 60 80 100 120 140 160 180 200

Boiling time (min)

Fig. 2. Effect of boiling time on yields of oestrogens from urines of two women having menstrual cycles.
Acid concentration 15 vol. % HC1. x — x , oestriol; O—O, oestrone; #—O- oestradiol.
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24 hr specimens of urine were obtained from healthy men and women and these
were diluted to 1200 ml. with water. The urines were hydrolysed by boiling for
60 min with 15 vol. % conc. HC1 and their oestrogen contents measured. The amounts
of the added oestrogens recovered after subtracting the endogenous blank values are
shown in Table 2. Results are also given for 24 hr urine volumes between 2000 and
2400 ml. and for various dilutions of urine with water. The recoveries of oestrogens
added after hydrolysis to a comparable series of urines are also shown.

The recoveries depended on the dilution of the urine and were lower the more
concentrated the specimen. When the urine was diluted five times or more with water,
the recoveries were the same as when the oestrogens were added to the urine after
hydrolysis. It appeared from these experiments that the factor responsible for the
loss of added oestrogens during acid hydrolysis is a normal constituent of urine, the
effect of which can be diminished by dilution.

Table 3. Yields by acid hydrolysis of endogenous oestrogens from
concentrated and diluted urines

Yields of oestrogens/24 hr urine

Oestrone Oestradiol Oestriol
Pregnancy urine

(a) Pregnancy urine 10 ml. + male urine 90 ml. 0-96 mg 0-30 mg 12*0 mg
(b) Pregnancy urine 10 ml. + water 90 ml. 1*25 mg 0-43 mg 15*5 mg
Ratio (a)1(b) for endogenous oestrogens 0-77 0*70 0-78
Ratio (a)1(b) calculated from recoveries of 0-81 0-74 0-73
oestrogens added before and after hydrolysis
of the male urine

Menstrual cycle urine
(a) 200 ml. urine hydrolysed 27-3 fig 5*8 fig 47*7 fig
(b) 100 ml. urine + 100 ml. water hydrolysed 33*0 fig 8*0 fig 53*4 fig
Ratio (a)/(b) for endogenous oestrogens 0*83 0*73 0*90
Ratio (a))(b) calculated from recoveries of 0*87 0*83 0-90

oestrogens added to (a) and (b) before hydrolysis

If endogenous oestrogens are partly destroyed during acid hydrolysis in the same
manner as added oestrogens, then dilution with water before hydrolysis should
increase the yields.

Pregnancy urine (10 ml.) was diluted to 100 ml. with (a) a concentrated specimen
of male urine, the 24 hr vol. of which had been diluted to 1200 ml. with water, and
(6) water. Both were hydrolysed by boiling 60 min with 15 vol. % conc. HC1. The
yields of oestrone, oestradiol-17/3 and oestriol (corrected for the oestrogens present
in the male urine) are shown in Table 3. Also shown are the ratios of the recoveries
of oestrogens added before and after hydrolysis to other portions of this male urine.
Dilution with male urine instead of water decreased the yields from the pregnancy
urine by amounts equivalent to the losses of added oestrogen which occurred during
the acid hydrolysis of this male urine.

A concentrated specimen of urine was obtained from a woman during the luteal
phase of her menstrual cycle. The 24 hr vol. was made up to 1200 ml. with water, and
the 24 hr excretion was measured on (a) 200 ml. of urine and (b) 100 ml. of urine
diluted to 200 ml. with water. The results are also shown in Table 3, together with
the ratios of the recoveries of oestrogens added before hydrolysis to other portions
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of the urine which were treated likewise. The yields were higher in the diluted urine
by approximately the amount expected on the basis of the recovery experiments.

These results indicate that destruction of endogenous oestrogens occurs during acid
hydrolysis to approximately the same extent as that of added oestrogens.

Because of the volumes involved, dilution with water is not a practical method for
overcoming hydrolysis losses in urines containing small amounts of oestrogens. Other
methods for achieving the same effect were investigated but without success. These
included: (1) addition of the mild reducing agents, amino-naphthol sulphonic acid
and ascorbic acid recommended by Van Bruggen [1948] and Rosenmund [1948];
(2) stronger reducing agents such as sulphite, stannous chloride and prior treatment
with zinc and hydrochloric acid [Smith & Smith, 1937]; (3) phenols and their water
soluble derivatives; (4) sulphuric acid instead of hydrochloric acid; (5) some precipi- «.
tating agents; (6) prior extraction of the conjugates with butanol or with alcohol and
ether [Edwards, Kellie & Wade, 1953]; and (7) protection during hydrolysis by
overlaying with higher alcohols. Overlaying with toluene was partially successful for
oestrone but not for oestradioh 17/3 or oestriol. The addition of glucose caused a
complete disappearance of the oestrogens. This suggested that the destructive agent
might be glucose, but fermentation of the urine with yeast did not improve the yields.
This experiment showed that results of oestrogen determinations performed on urine
from patients with glycosuria should be treated with caution when the urine has been
hydrolysed with acid.

Experiments were performed to determine the rate at which destruction of added
oestrogens occurred during acid hydrolysis. When the urine was boiled with 15 vol. %
HC1 the loss increased with the time of boiling and reached a maximum in 20-30 min.
The rate of destruction depended on the acid concentration and was negligible when
< 7 vol. % HC1 was added. In the range ofoestrogen concentrations tested (5-200 pg/
200 ml. urine) the percentage lost seemed to be independent of the amounts of
oestrogens added. The rate of destruction paralleled the rate of hydrolysis and no
means were found of separating the two effects.

Hydrolysis of oestrogen conjugates with enzymes

Enzyme preparation
This was a purified, water soluble, acetone-dried material (powder ' B') obtained

from the visceral hump of the mollusc Patella vulgata by the method of Dodgson &
Spencer [1953]. It contained 680,000 u./g of jS-giucuronidase activity when stan¬
dardized against phenolphthalein glucuronide by the method of Fishman, Springer
& Brunetti [1948] and 2,700,000 u./g of phenol sulphatase activity when standardized
against nitrocatechol sulphate by the method of Roy [1956].

Investigation of hydrolysis conditions
Preliminary experiments showed that the rate of hydrolysis of oestrogen conjugates

in urine was maximal between pH 3-5 and 5-5. The conditions finally adopted were
those used by Marrian, Watson & Panattoni [1957] in which the urine specimens were
acidified to pH 4-7 with acetic acid buffered at this pH by the addition ofone-twentieth
of their volume ofmolar acetate buffer, andincubatedat 37 ° C. Bacterial contamination
was minimized by boiling the urine before adjusting the pH and adding the enzyme.
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A number of experiments were performed to determine the effect of enzyme con¬
centration and the time of incubation on the yield of oestrogens from urine. As with
acid hydrolysis, the optimum conditions varied somewhat from urine to urine. Fig. 3
shows the effect of enzyme concentration on the yield of oestrogens from the urine
of a woman in the luteal phase of the cycle. The incubation time was 72 hr. Maximum
yields of oestrone were obtained at very low enzyme concentrations, but 240 u.
//-glucuronidase per ml. urine were required to obtain the maximum yields of
©estradiol-17/3 and 600 u. were required for oestriol.

4 -

0 l I I I I I I
200 400 600 800 1000 1200 1400

^-Glucuronidase, u./ml. urine

Fig. 3. Effect of enzyme concentration on yields of oestrogens from urine of a woman having menstrual
cycles. Incubation time 72 hr, temperature 37° C, pH 4-7. X — X, oestriol; O—O, oestrone;
•—0, oestradiol.

Figs. 4 and 5 show the effect of incubation time on the yields of oestrogens from
the urines of a pregnant and a non-pregnant woman. The enzyme concentrations
were 250 u./ml.//-glucuronidase (1000 u./ml. phenol sulphatase) and 680 u./ml.
//-glucuronidase (2700 u./ml. phenol sulphatase), respectively. Under these conditions
hydrolysis of oestrone and oestradiol-17/3 conjugates was rapid and was complete in
3-5 hr. The hydrolysis of oestriol conjugates was rapid at first, but the rate decreased
and maximum yields were not reached until 72-96 hr incubation.

Dodgson & Spencer [1953] reported that urine contains substances which depress
the activity of their enzyme preparations. This was confirmed in this investigation.
For example, when 680 u. //-glucuronidase and 2700 u. phenol sulphatase were added
per ml. urine and incubated for 72 hr the residual //-glucuronidase and phenol
sulphatase activities were 65 and 45% respectively of those added. When 100 u.
//-glucuronidase and 400 u. phenol sulphatase per ml. urine were incubated 72 hr,
the residual glucuronidase activity was still 65% of that added, but the phenol
sulphatase activity was only 10% of that added. However, it was considered more
convenient to add excess of enzyme rather than to remove the interfering substances.
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On the basis of these experiments, the conditions chosen for the subsequent
investigations were a /3-glucuronidase concentration of 500-700 u./ml. urine (0-2 g
enzyme powder/200 ml. urine), an incubation time of 72-96 hr, a temperature of
37° C and a pH of 4-7. At first, it was anticipated that even these conditions might
not be maximal for all urines. Consequently, at least two measurements were made
on each urine, one in which the incubation time was 72 hr, and the other in which it
was 96 hr. In nine such comparisons the two incubation times did not give signifi¬
cantly different results. For subsequent work, the incubation time was standardized
at 96 hr.

Non-pregnancy urine

40 60 80

Incubation time (hr)

Fig. 4

100 120 40 60 80
Incubation time (hr)

Fig. 5

120

Fig. 4. Effect of incubation time on yields of oestrogens from urine of a pregnant woman. Enzyme
concentration 250 u. /3-glucuronidase/ml. urine (1000 u. phenol sulphatase/ml.), temperature 37° C,
pH 4-7. x — x , oestriol; O—O, oestrone; #—#, oestradiol.

Fig. 5. Effect of incubation time on yields of oestrogens from urine of a woman having menstrual cycles
(urine B, Fig. 2). Enzyme concentration 680 u. /?-glucuronidase/ml. urine (2,700 u. phenol sulpha¬
tase/ml.), temperature 37° C, pH 4-7. x — x , oestriol; O—0> oestrone; #—#, oestradiol.

Estimation of oestrone, oestradiol-11/3 and oestriol liberated from urine by enzymic
hydrolysis

In preliminary experiments, using the method of Brown [1955] to measure the
amounts of oestrone, oestradiol-17/1 and oestriol liberated from pregnancy urine, it
was found that the maximum yields obtained by enzymic hydrolysis were similar to
those obtained by acid hydrolysis. When non-pregnancy urine was subjected to
enzymic hydrolysis, the yields of oestrone and oestradiol-17/3 were usually higher than
those obtained by acid hydrolysis but the yields of oestriol were consistently 20-30 %
lower. These lower yields of oestriol were found to be due to substances produced from
urine by enzymic hydrolysis which later interfered in the development of the Kober
colour with oestriol.
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It was necessary, therefore, to purify further the oestriol fraction from enzyme-
hydrolysed urine before colorimetry. This was achieved by incorporating the saponi¬
fication step developed by Bauld [1956]. The modified method containing this
additional purification step is described by Brown et al. [19576].

Recovery of oestrone, oestradiol-11 /3 and oestriol from enzyme-hydrolysed urine
Recovery experiments were performed to test the extraction and purification stages

of the assay methods when they were applied to enzyme-hydrolysed urine, and also
to determine whether any loss of oestrogens occurred during enzymic hydrolysis.
Oestrone, oestradiol-17/3 and oestriol (equivalent to 30 p.g/24 hr urine) were added
either before or after enzymic hydrolysis to urines obtained from a number of different
individuals. The oestrogens added were measured by the methods of Brown [1955]
and of Brown et al. [19576] with the slight modification that the hydrolysed urine
was extracted only twice with equal volumes of ether to minimize emulsion formation.
The results, corrected for the endogenous blank values, and expressed as percentages
of the amounts added, are shown in Table 4.

Table 4. Recoveries of oestrogens from enzyme-hydrolysed urine
(Results are shown as the mean percentage recovery + s.D. and are corrected for the endogenous blank

values (no. of determinations in parentheses).)
Whether added Percentage recoveries
before or after t

«
•\

Assay method hydrolysis Oestrone Oestradiol Oestriol

Brown [1955] Before 78 + 4-0 78 + 4-2 62, 47
(13) (13) (2)

Brown [1955] After 77 + 3-3 76 + 5-4 60, 48
(5) (5) (2)

Brown et al. [19576] Before 80 + 5-5 81 + 3-2 81 + 2-9

(7) (7) (16)
Brown et al. [19576] After 82 + 2-6 84+3-4 79 + 2-3

(4) (4) (7)

The recoveries of oestrone and oestradiol-17/3 by both methods and of oestriol by
the latter method, whether added before or after enzymic hydrolysis, were practically
the same as those reported for acid-hydrolysed urine when the oestrogens were added
after hydrolysis [Brown et al. 1957 a, 6].

Comparison of yields obtained by acid hydrolysis and enzymic hydrolysis
Parallel determinations using acid and enzymic hydrolysis were performed on

urine from pregnant women, men, women having normal menstrual cycles, women
suffering from menstrual disorders, postmenopausal women, women with breast cancer

undergoing various forms of treatment, and postmenopausal women after the admini¬
stration of oestradiol-17/3. The urines were collected without preservative and stored
at 4° C. When the 24 hr vol. was < 1200 ml. the specimen was diluted to this volume
with water. Specimens of non-pregnancy urine with volumes > 1600 ml. were not
used in this comparison. The urines were hydrolysed as follows:

(1) Acid hydrolysis, (a) Non-pregnancy urine; 200 ml. portions of urine were boiled
60 min with 30 ml. conc. HC1. (6) Mid-to-late pregnancy urine; 10 ml. urine was
diluted to 100 ml. with water and boiled 60 min with 15 ml. conc. HC1.
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(2) Enzymic hydrolysis, (a) Non-pregnancy urine; 200 ml. portions of urine were
boiled, cooled, adjusted to pH 4-5-4-9 with acetic acid and buffered at this pH by
adding 10 ml. of molar acetate buffer pH 4-7. 0-2 g Enzyme powder dissolved in 2 ml.
water and containing 136,000 u. ^-glucuronidase and 540,000 u. phenol sulphatase
was added to the urine. The whole was incubated at 37° C for 96 hr. (6) Mid-to-late
pregnancy urine: 10 ml. urine buffered at pH 4-5-4-9 was incubated undiluted for
96 hr with 0-01 g enzyme powder containing 6800 u. /3-glucuronidase and 27,000 u.
phenol sulphatase. The hydrolysed urine was diluted to 100 ml. with water before
extraction with ether.

The oestrogens liberated from pregnancy urines were determined by the method
of Brown [1955], The oestrogens liberated from the other urines were estimated by
the method of Brown et al. [1957 &].

Results obtained from pregnancy and non-pregnancy urine by the two methods of
hydrolysis, expressed as ratios of one to the other (enzymic hydrolysis = 100), are
shown in Table 5. These figures do not include assay results where the levels were
below the quantitative range of the method, i.e. lower than 2-5 pg/24 hr of oestrone
and oestradiol and 3-3 pg/24 hr of oestriol [Brown et al. 1957a].

The mean differences (+ standard deviation) between the two methods (enzyme
minus acid) where the values were below the quantitative range of the method are
shown in Table 5 (bottom half).

Table 5. Comparison between yields by acid hydrolysis and enzymic hydrolysis
(a) Levels within accuracy range of method

(Results expressed as percentage ratios acid hydrolysis/enzymic hydrolysis (mean + s.D.).)
Oestrone Oestradiol Oestriol

Pregnancy urine 101+ 9-4 100+13-3 106+16
(12) (12) (12)

Non-pregnancy urine 83±10-0 72+11-5 91 + 9-7
(35) (26) (47)

(6) Levels below accuracy range of the method

(Results expressed as differences (enzyme minus acid) in pg/24 hr (mean + s.D.).)
Oestrogen level

(pg/24 hr) determined
by enzymic hydrolysis Oestrone Oestradiol Oestriol

0-0-9 -0-18 ±0-2 +0-34 + 0-6 —

(9) (19)
1-0-2-4 -0-04 + 0-36 +1-44+1-2 —

(14) (13)
0-3-3 — — -0-05 + 0-48

No. of comparisons in parentheses.
(7)

It is seen from Table 5 that acid hydrolysis of diluted pregnancy urine, where no
losses were expected, gave practically the same results as enzymic hydrolysis. The
results obtained from non-pregnancy urine by acid hydrolysis were lower than those
obtained by enzymic hydrolysis by approximately the amount expected on the basis
of the losses which occur during acid hydrolysis (see Table 2). This agreement between
these two fundamentally different methods of hydrolysis is very good evidence that
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no unknown major error exists in either method, and that the values obtained by
enzymic hydrolysis are very nearly the true ones. In a proportion of urines, small
amounts of oestradiol-17)3 could be measured after enzymic hydrolysis when none
could be detected after acid hydrolysis. This is reflected in the positive differences
and large standard deviations shown in Table 5 for the range of oestradiol excretion
between 0 and 2-4 p.g/24 hr. In contrast, the differences between the values for
oestrone and oestriol obtained by the two hydrolytic procedures disappear at these
low levels, being masked by the errors of the measurement. It appears that there are
two mechanisms which cause loss of oestrogens during acid hydrolysis. One, which
applies to all three oestrogens, in which the loss is a constant proportion of the amount
present; the other, which is peculiar to oestradiol, in which the loss is absolute
irrespective of the amount present. The latter mechanism is not important when the
oestradiol levels are high, but leads to the complete disappearance of oestradiol when
the levels are very low.

Table 6. Kober chromogenic impurities in oestrogen fractions obtained by
acid and enzymic hydrolysis

(Results expressed as apparent pg oestrogen/24 hr urine before applying the Allen correction.)
Oestrone Oestradiol Oestriol

Assay method
Brown [1955]

Brown et al. [19576]

HC1

10-4 + 50

(25)
5-1 + 1-4

(34)

Enzyme
4-2 + 3-5

(27)
1-9 + 1-4

(34)

HC1

39 + 8-0

(25)
9-7 ±3-0

(37)

Enzyme
11-4 + 6-1

(27)
4-1 + 1-7

(37)

HC1

18-7 + 6

(51)

Enzyme

21-0 + 9

(51)

No. of estimations in parentheses.

The amounts of chromogenic impurities present in the oestrogen fractions obtained
by the two assay methods with the two methods of hydrolysis are shown in Table 6.
These were calculated by subtracting the optical densities due to oestrogen, as
calculated by the Allen correction formula [Allen, 1950], from the observed optical
densities. They are expressed in terms of pg oestrogen/24 hr urine which the impurities
would have represented if they had not been eliminated by the correction formula.
The results illustrate the purification achieved by the additional step in the method
of Brown et al. [19576] and the relative purities of the fractions obtained by acid and
enzymic hydrolysis. In both assay methods the oestrone and oestradiol-17/3 fractions
obtained by enzymic hydrolysis contained approx. 40% of the impurities obtained
by acid hydrolysis. In some cases the oestrone fractions obtained by enzymic
hydrolysis, using the assay method of Brown et al. [19576], were completely free of
Kober chromogenic impurities. On the other hand, the oestriol fractions produced
by enzymic hydrolysis contained even more Kober chromogenic impurities than those
obtained by acid hydrolysis.

Rehydrolysis of enzyme-hydrolysed urine
A number of experiments were performed to determine whether further amounts

of oestrogens could be liberated by acid hydrolysis from urine which had already been
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hydrolysed by enzymes and extracted with ether. Eighteen of the enzyme-hydrolysed
and ether-extracted urines from the foregoing series of non-pregnant individuals were
rehydrolysed by boiling with 15 vol. % cone. HC1 for 60 min and the extra oestrogens
liberated measured. In four cases the carbonate buffer (pH 10-5) washes obtained
during the extraction of enzyme-hydrolysed urines were also boiled with acid to
determine whether the 'ether soluble acid fraction' contained any conjugated
oestrogens which might have been extracted with the ether. The results are shown
in Table 7.

Table 7. Additional yields by acid hydrolysis from enzyme-hydrolysed urine
Additional amount

Amount measured obtained by acid
by enzymic hydrolysis

No. of hydrolysis (% of amount by
Oestrogen urines (/xg/24 hr urine) enzymic hydrolysis)

A. Acid hydrolysis of residual urine following enzymic hydrolysis and ether extraction
Oestrone 12 3-6-18-8 Nil

1 5 26*
5 16-37 5-13*

Oestradiol 18 1-2-16-8 Nil

Oestriol 6 3-19 Nil
2 30-33 Nil
5 19-26 10-13
5 43-77 6-4-9-0

B. Acid hydrolysis of ether soluble acidic fraction

Oestrone 4 4-19 Nil
Oestradiol 4 1-7 Nil
Oestriol 3 3-25 Nil

1 46 4-5*

* Amounts detectable but below quantitative range of method.

The additional amount of oestrogens liberated by acid hydrolysis depended on the
amount present in the original urine. Generally, no additional oestrogen was detected
when the amount was <approx. 20 /xg/24 hr urine; small amounts were detected
between 20 and 40 /xg/24 hr urine; above 40 /xg/24 hr, 6-4-9-0% additional oestriol
was measured following rehydrolysis with acid. No additional oestrogen could be
recovered from the ether-soluble acidic fraction except in the case when the oestriol
excretion was 46 /xg/24 hr urine.'
by-aeid-hydrolysis ©an be entirely.accounted for onJ

DISCUSSION

Although many workers have investigated the hydrolysis of oestrogen conjugates in
urine by acids, there is still no agreement on the conditions which give the maximum
yields of the free oestrogens. Stevenson & Marrian [1947] and Katzman et al. [1954]
found maximum yields after 30 min boiling under reflux with 15 ml. conc. HC1/100 ml.
urine. Marrian & Bauld [1951] recommended boiling for 60 min with 15 vol. % HC1
and these optimum conditions have been substantially confirmed for both pregnancy
and non-pregnancy urines in the present work. However, they are not optimal for
all urines, since boiling for another hour may sometimes give higher yields of free
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oestrogens and at other times give lower yields. Also, boiling for 120 min with
10 vol. % HC1 may sometimes yield more free oestrogen than boiling for 60 min with
15 vol. %. That even more vigorous hydrolysis conditions may be required for some
urines is supported by the work of Napp [1957], who showed that it was necessary to
boil pregnancy urine for 120 min, or longer, with 15 vol. % HC1 before maximum
yields were obtained. The conditions recommended by Marrian & Bauld [1951] must
therefore be regarded as a reasonable compromise which gives maximal yields of the
three oestrogens from the majority of urines.

Smith & Blackham [1957], working with pregnancy urine, claimed very much
higher yields from a two-stage hydrolysis procedure. They boiled the urine for 10 min
with 15 vol. % HC1, extracted the urine with ether and boiled it again for another
3 hr under a layer of benzene. However, except for a small increase in the yield of
oestrone, which was expected from overlaying with benzene, this claim could not be
confirmed for non-pregnancy urine in this laboratory.

A considerable amount of evidence has now been accumulated which shows that
the oestrogens in pure solution are stable to boiling with acids in the concentrations
required for the hydrolysis of their conjugates. However, it is generally agreed that
losses occur during acid hydrolysis of urine. This loss seems to be due to the combined
effect of a normal constituent of urine and boiling with acid. It can be prevented by
diluting the urine with water before hydrolysis, but this is not a practicable method
except for urine from pregnant women. The nature of the urinary constituent which
causes the destruction is unknown. Its solubility properties seem to be similar to those
of the oestrogen conjugates, since it is not extractable with ether at any pH, but is
extracted along with oestrogen conjugates with butanol. The loss of oestrone and
oestriol during acid hydrolysis is a constant proportion of the oestrogen present,
whatever its concentration. However, the loss of oestradiol-17/3 is proportional to
the amount present when the concentration is high, but may be complete when the
concentration is very low. This suggests that two destructive processes may operate
for this particular oestrogen.

Oestrone and oestradiol conjugates in urine are readily hydrolysed by the enzymes
^-glucuronidase and phenol sulphatase obtained from Patella vulgata. Oestriol con¬
jugates are rapidly hydrolysed at first, but relatively large amounts of enzyme
(600 u./ml. ^-glucuronidase with 2500 u./ml. phenol sulphatase) together with pro¬
longed incubation times (72-96 hr) are necessary to obtain maximum yields of the
free oestrogen. It might be expected that prolonged incubation would encourage the
growth of bacteria and this might lead to loss of oestrogens. Slight losses of oestrone
were in fact observed over prolonged periods of incubation, but these were negligible
compared with the increase in the yield of oestriol. Since the recoveries of oestrogens
added to urine before enzymic hydrolysis were entirely satisfactory, it can be assumed
that little or no loss of oestrogens occurs under the chosen conditions.

Other workers, using different enzyme preparations, have also used relatively high
enzyme concentrations and prolonged incubation times. Beer & Gallagher [1955]
used 300 u. beef liver glucuronidase ('Ketodase') per ml. urine and incubated for
120 hr. Straw, Katzman & Doisy [1955] used 100-200 u. bacterial glucuronidase
(from Escherichia coli) and incubated for 24 hr. All workers agree that enzymic
hydrolysis gives higher yields of oestrogens from urine than acid hydrolysis. The
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results presented here confirm this, for non-pregnancy urine, and they show that the
higher yields by enzymic hydrolysis can be entirely accounted for by the absence of
losses rather than by more complete hydrolysis. Pregnancy urine was diluted with
water before acid hydrolysis and therefore no losses were expected. In these cases,
the yields were the same by both hydrolytic procedures. This agreement is very good
evidence that no unknown major error exists in either method of hydrolysis and that
the values obtained by enzymic hydrolysis are very nearly the true ones. Except for
oestradiol-17/3 at low concentrations, approximate estimates of the true values can
be obtained using acid hydrolysis and correcting for the losses which occur. Since
the losses depend somewhat on the urine, it is best to obtain the correction factor
from recovery experiments in which the oestrogens are added to the particular urine
before hydrolysis. More approximate correction factors can be derived from the
average figures given in Table 2. Figures for oestradiol-17/3, derived from acid
hydrolysis, may be very much in error when the amounts are < 2-5 /tg/24 hr. At
these levels the losses occurring during acid hydrolysis may be large in comparison to
the total amounts present and no correction is possible.

It is generally believed that enzymic hydrolysis gives purer oestrogen fractions
than acid hydrolysis. While this was found to be true for the oestrone and oestradiol-
17/3 fractions, the oestriol fractions obtained by enzymic hydrolysis contained more
impurities than those obtained by acid hydrolysis. In fact, the contamination was
such that the assay method of Brown [1955] could not be used for estimating oestriol
in enzyme-hydrolysed urine without adding a further purification step.

The authors wish to thank Prof. G. F. Marrian for his interest in this work, and
Mrs J. M. J. Blair for her technical assistance.
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The purpose of this report is to describe experiments which
test the accuracy and specificity of the procedures of Brown
(1) and of Brown et at. (2) for the determination of estrone,
estradiol-17/3, and estriol in human urine. In two experiments,
urine specimens were collected from oophorectomized-adre-
nalectomized women who had each received approximately 2 mg.
of estradiol-170-16-C14 intravenously. The urines were incu¬
bated with /3-glucuronidase, extracted with ether, and the estrone,
estradiol-17(3, and estriol content of the ether extracts were
estimated by the following methods: (a) reverse isotopic dilu¬
tion; (6) determination of the radioactivity content of the
peak tubes after countercurrent distribution; (c) the procedure
of Brown (1), hereafter termed ''Method A" (Experiment I),
and of Brown et at. (2), hereafter termed "Method B" (Experi¬
ment II), which utilize the Kober color reaction; (d) determina¬
tion of the radioactivity of the separated estrogen methyl ether
fractions obtained before colorimetry. A third experiment was

performed to test Method B at lower levels of estrogen excretion
than in the first two experiments. A portion of the previously
analyzed urine extract from the second experiment was diluted
with an "inert" extract of urine obtained from an oophorecto-
mized-adrenalectomized woman who had not received any
estrogen. The amounts of estrogen added were measured by
Method B and by the radioactivity of the separated methyl
ether fractions. This was in effect a recovery experiment of
the type commonly used to test the accuracy of an assay pro¬
cedure, with the particular features that all of the various
estradiol metabolites in normal proportion were added and the
additional check of radioactivity measurement was possible.

In all of these experiments, the administration of radioactive
estradiol, the collection of urine, the preparation of the pre¬
liminary extracts, and the radioactivity measurements were

performed at the Sloan-Kettering Institute. The processing of
the urine extracts by Methods A and B and colorimetric measure¬
ment were performed at the Clinical Endocrinology Research
Unit, Edinburgh. The workers from the latter institution had
no prior information concerning the estrogen content of the
extracts which had been sent to them. The separated estrogen
methyl ether fractions were returned to the Sloan-Kettering
Institute for measurement of radioactivity.

* This investigation was supported in part by a grant from the
American Cancer Society and a research grant (CY-3207) from the
National Cancer Institute, National Institutes of Health, United
States Public Health Service.

f Present address: G. D. Searle and Company, Chicago, Illinois.

experimental

Preparation of Extracts
The urine after the addition of 1 mg. per ml. of Versene

(disodium salt of ethylenediaminetetraacetic acid, Dow Chemical
Company) was incubated with beef-liver glucuronidase1 (300
units per ml.) at pH 5 and 37° for 5 days. At the end of incuba¬
tion the urine at pH 5 was extracted continuously with ether
for 48 hours. The ether extract was washed with sufficient
saturated aqueous sodium bicarbonate solution so that the solu¬
tion was alkaline. The ether layer (about 1 1.) was then washed
six times, each time with 84 ml. of sodium bicarbonate solution.
The combined aqueous phases were re-extracted with two por¬
tions of ether. Combined ether layers were washed twice, each
with 25 ml. of water, the ether was removed, and the residue
was dissolved in absolute ethanol. This solution was divided
into portions for analysis by the various procedures.

Experiment I; Subject P (Female, Age 4-0)—This patient,
who had metastatic cancer of the breast and had been adre-
nalectomized and oophorectomized, was removed from steroid
therapy 48 hours before the study. No other steroid except
the estrogen was given for the succeeding 2 days. The patient
received 2.13 mg. of estradiol-17/3-16-C14 (4,220,000 c.p.m.)
intravenously in 5 per cent glucose solution containing sufficient
ethanol to dissolve the hormone. The urine extract, prepared
as above, was divided into four equal portions, each of which
contained 273,000 c.p.m. To the portion used for analysis
by reverse isotopic dilution the following pure carrier steroids
were added: 30.4 mg. of estrone; 31.0 mg. of estradiol; 50.0 mg.
of estriol. The carrier steroids were of the highest purity, as

judged from their physical constants. The mixture containing
extract and carrier was evaporated to dryness and distributed
through 99 transfers in the system with 70 per cent methanol-30
per cent water as one phase and then carbon tetrachloride as
the other phase. The contents of tubes Nos. 69 to 99 were com¬
bined and redistributed through 99 cycles in the system involving
ethyl acetate-cyclohexane 1:1 as one phase and ethanol-water
1:1 as the other.

Estrone—The material contained in tubes Nos. 44 to 68 of the
first countercurrent distribution was crystallized from absolute
ethanol. Five successive recrystallizations yielded estrone;
m.p. 256.5-259.5°. The specific activity was constant through

1 Ketodase, obtained from the Warner-Chilcott Laboratories,
a division of Warner-Lambert Pharmaceutical Company, New
York, New York.
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Table I

Comparison of methods for determination of estrone, estradiol-170,
and estriol in human urine

Subject and compound

Experiment I,
Patient P

Estrone
Estradiol
Estriol

Experiment II,
Patient E

Estrone
Estradiol
Estriol

Experiment III,
Patient E + "in¬
ert" Pf

Estrone
Estradiol
Estriol

R.I.D.* Peak tube Kober
Radioactivity

of methyl
ethers

Amount per quarter of extract {ug-)

46
23
37

29
21

70

Amount
added (ug•)

2.6
1.8
6.3

43
27

36

29
18

61

44
22
27

28

18
61

44
31

39

20
22

69

Amount found (jig.)

2.4

1.4

5.9

1.3
1.7
6.3

* Reverse isotopic dilution.
t Inert extract of urine, Patient P.

the final three crystallizations with an average value of 2840
c.p.m. per mg. The total radioactivity of estrone was, there¬
fore, 2840 c.p.m. per mg. X 30.4 mg. = 86,400 c.p.m. The
administered estradiol with a specific activity of 1,845,000 c.p.m.
per mg. would be converted to estrone with a specific activity
of 1,860,000 c.p.m. per mg. Therefore, the total weight of
estrone present in the one-quarter portion of the extract was
(86,400 c.p.m. X 1000)/(1,860,000 c.p.m. per mg.) = 46 ng.
(Table I).

Estradiol—The material contained in tubes Nos. 62 to 75 from
the second countercurrent distribution was combined and crystal¬
lized from ethanol. Four successive recrystallizations yielded
estriol; m.p., 280-281°. The specific activity was constant
through the final three crystallizations with an average of 1280
c.p.m. per mg. Estriol derived from the administered estradiol
would yield a product with a specific activity of 1,742,000
c.p.m. per mg. Therefore, the total weight of estriol in the por¬
tion analyzed which corresponded to one-quarter of the extract
was (64,000 c.p.m. X 1000)/(l,742,000 c.p.m. per mg.) = 37
yg. (Table I).

A portion of the estriol was converted to the 3-monobenzoate
by treatment with benzoyl chloride in the presence of dilute
sodium hydroxide at room temperature for 2.5 hours. The
product was crystallized successively from ethyl acetate and
from aqueous ethanol. The specific activity was constant
through three recrystallizations with an average of 930 c.p.m.
per mg. Estriol with a specific activity of 1280 c.p.m. per mg.
should afford a monobenzoate with a specific activity of 940
c.p.m. per mg. The specific activity of this derivative was
added assurance that the estriol was radiochemically pure.

Analxjsis for Estrogens from Radioactivity in Peak Tube of the
Countercurrent Distribution

This was carried out as described by Beer and Gallagher (3)
using the formula of Williamson and Craig (4). The results
obtained for the one-quarter portion of the extract are shown in
Table I.

Analysis by Method A—Another portion of the extract cor¬
responding to one-quarter of the total was divided into two equal
portions for duplicate determinations by Method A. Each por¬
tion was taken up in 400 ml. of ether and processed exactly as
if it were the total ether extract of 200 ml. of hydrolyzed urine,
as detailed in the description of the method (1). The separated
fractions corresponding to the methyl ethers of estrone, estradiol,
and estriol were each subdivided further into two equal portions.
One of these was used for measurement by the Kober reaction;
the other was evaporated to dryness by heating it in a water
bath under a stream of nitrogen, after which it was returned
for measurement of radioactivity. The mean values of the
duplicate analyses by the Kober reaction were as follows:
estrone, 9.3 pg.; estradiol, 4.6 yg.; and estriol, 5.8 ug. It had been
established from recovery experiments that the average loss of
estrogens in the extraction and fractionation process was ap¬
proximately 15 per cent (5). Therefore, a correction factor of
100/85 was applied to these estimates. The results, which cor¬
respond to one-quarter of the total extract, are shown in Table I.

The estrone methyl ether fraction contained 69,500 c.p.m.
calculated to the original one-quarter portion of the extract.
From this value it was calculated that this fraction contained
the equivalent of 37 yg. of estrone. The estradiol monomethyl
ether fraction contained 27,400 c.p.m. calculated to the original
one-quarter portion of the extract. From this value, the frac¬
tion contained the equivalent of 26 yg. of estradiol. The estriol
monomethyl ether fraction contained 58,000 c.p.m. calculated
to the original one-quarter portion of the extract. From this
value the fraction contained the equivalent of 33 yg. of estriol.
The values shown in Table I were obtained when these estimates
from the radioactivity measurements were corrected for the
expected losses in the extraction and fractionation procedures.

Experiment II; Subject E (Female, Age 65)—This patient also
had metastatic cancer of the breast and had been adrenalecto-
mized and oophorectomized. She received 2.15 mg. of estradiol-
17/3-16-C14 (1,890,000 c.p.m. per mg.) intravenously, in the same
solution as that used in Experiment I. The urine extract,
prepared as above, was divided into four equal portions, each
of which contained 355,000 c.p.m. To the portion used for
analysis by reverse isotopic dilution the following pure carrier
steroids were added: estrone, 44.4 mg.; estradiol, 41.9 mg.; and
estriol, 57.6 mg. A mixture containing extract and carrier was
distributed in the same solvent systems used in the preceding
experiment. The results of these distributions are shown in
Figs. 1 and 2. Each of the separated compounds was purified
to radiochemical homogeneity as before. The following results
were obtained:

Estrone—This compound contained 1260 c.p.m. per mg.,
which corresponded to 29.3 yg. in the one-quarter portion of
the extract examined.

Estradiol—This compound contained 930 c.p.m. per mg.,
which corresponded to 20.6 yg. in the one-quarter portion of
the total extract.

Estriol—This compound contained 2160 c.p.m. per mg.,
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which corresponded to 70.0 pg. in the one-quarter portion of
the total extract.

These results are recorded in Table I.

Analysis by Method B—One-quarter of the extract was divided
into two portions as before and each was processed separately
by Method B. The purified extracts were anatyzed in duplicate
by the Kober reaction and also by their radioactivity content.
The results corrected for expected methodological losses are
shown in Table I.

Experiment III; Analysis at Low Levels of Estrogen Metab¬
olites—A 24-hour urine collection was obtained from Subject P,
48 hours after she had been withdrawn from all steroid therapy
(no steroid was administered during the collection). An extract
was prepared from this "inert" urine, and a portion of it was

analyzed by Method B with the following results, corrected for
methodological losses: estrone, 0.17 /jg.; estradiol, 1.47 pgr, and
estriol, 0.73 pg. To another equal portion of this same urine
extract was added a known portion of the urine extract from
Subject E already described above. According to the previous
analyses, the amount of each radioactive metabolite added was:
estrone, 2.6 pg.; estradiol, 1.8 fig.; and estriol, 6.3 pg. The mixture
("inert" plus radioactive) was divided into two equal parts as
before and processed in duplicate by Method B. Three-quarters
of each of the separated estrogen methyl ether fractions, cor¬

responding to three-eighths of the original mixture, was used for
measurement by the Kober reaction. The remainder was used
for radioactivity measurement. The results obtained by the
Kober reaction, corrected for methodological losses, gave the
total estrogen content of the mixture as estrone, 2.6 pg.; estradiol,
2.9 pgr, and estriol, 6.6 pg. The amounts of each radioactive
metabolite added were calculated by subtracting the values for
the inert component from these figures. The results are shown
in Table I. Also shown are the figures calculated from the
radioactivity measurements of the methyl ether fractions.

discussion

In general, the agreement between the results obtained by all
the assay methods was highly satisfactory. Since the results
obtained by reverse isotopic dilution appear unobjectionable
on theoretical grounds, it follows that the other methods also
give correct results under the conditions tested.

There were two instances in which the deviation of results
seemed greater than could be accounted for by experimental
errors. In Experiment I, the estriol value obtained by Method
A was less than that obtained by the other methods. Sub¬
sequent to this experiment, it was shown that estriol fractions
prepared from enzyme-hydrolyzed urine and processed by
Method A contain substances which interfere in the Kober
reaction. The lower estimate of estriol is consistent with an

explanation on the basis of this interference. Method B is a
modification of Method A which incorporates the saponification
stage developed by Bauld (6). This additional purification
step elimininates the substances present in extracts of enzyme-
treated urine which interfere in the Kober reaction. It was for
this reason that Method B was used in the subsequent experi¬
ments.

In Experiment III, the result obtained by measuring the
radioactivity of the estrone methyl ether fraction was low.
There is no immediately apparent explanation for this. The
methyl ethers were evaporated to dryness for dispatch for radio¬

activity measurement. It is possible that an appreciable portion
of the trace amount of estrone methyl ether might have been
volatilized during this treatment.

The amounts measured by the Kober reaction in Experiments
I and II were actually one-quarter, and those in Experiment III
were three-eighths, of those shown in Table I. These figures give
an indication of the sensitivity of the methods. However,
caution is necessary in interpreting the results of Experiment
III. They apply to estrogens added to urine but do not neces¬
sarily apply to similar levels of endogenous excretion. For
example, there is still considerable doubt concerning the signif¬
icance of the very low values obtained for the estrogen content
of the "inert" extract used in the third experiment. Thus,
although there is an indication that Method B is applicable at
low estrogen levels, it would seem desirable to await further
study before indiscriminate use of the method in this range.

It should be pointed out that the analyses reported here were

performed on the extracts of urine which had already been
hydrolyzed by /3-glucuronidase. Methods A and B were orig¬
inally developed for acid-hydrolyzed urine and all the data
pertaining to their reliability were derived from this source (5).
However, the purpose of these experiments was not to compare
the efficiency of various hydrolytic procedures. It can be con¬
cluded from the results that, within the limits tested, Method B

TUBES 0 96 104

Fig. 1. Distribution of urine extract after an intravenous injec¬
tion of estradiol-16-C14. System: 70 per cent methanol-30 per cent
water and carbon tetrachloride.

5,000

Fig. 2. Redistribution of polar steroids after an intravenous
injection of estradiol-16-C14. System: 50 per cent ethyl acetate-50
per cent cyclohexane and 50 per cent ethanol-50 per cent water.
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is reliable for estimating estrone, estradiol-17/3, and estriol in
extracts of enzyme-hydrolyzed urine and in the presence of
biochemically equivalent amounts of other metabolites of estra¬
diol-17/3. These findings add considerable weight to the other
evidence on which the statements of reliability of the methods
have been based (5).

summary

Urine extracts containing the metabolites of administered
estradiol-17/3-16-C14 were analyzed for estrone, estradiol, and
estriol by the following methods: (a) reverse isotopic dilution;

(b) determination of the radioactivity content of the peak tubes
after countercurrent distribution; (c) the methods of Brown (1)
or of Brown et al. (2) which utilize the Kober color reaction;
(d) determination of the radioactivity content of the separated
estrogen methyl ether fractions obtained by the method%f=-Bear
**4-Gallagher-^fJ^J

Satisfactory agreement between all these analyses was ob¬
tained.
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SUMMARY

A purification step involving separation of the ketonic fraction through the Girard complex
has been incorporated in an earlier method for estimating urinary oestrogens. The new method,
which measures oestrone only, involves acid or enzymic hydrolysis of the urine, extraction
with ether, removal of the acidic fraction with alkaline carbonate solution, evaporation of the
ether, separation of the ketonic fraction through the Girard complex, saponification, methylation,
and chromatography on alumina columns. The oestrone methyl ether present in the final
extract is measured by a semi-micro modification of the Kober reaction, which, with the larger
volume of urine processed, increases the sensitivity of the estimation ninefold. This increase
in sensitivity is made possible by the purification achieved in the new method, and fractions
of 1 ftg oestrone/24 hr urine can be measured. The reliability of the new method has been
investigated and data concerning its accuracy, precision, sensitivity and specificity are pre¬
sented. By comparison with the new method, the earlier method gives overestimates of approx.
0-9 ng oestrone/24 hr urine.

The method for estimating oestradiol-17/3*, oestrone and oestriol in human urine,
described by Brown [1955] ('method A'), has proved satisfactory when applied to
the urine of individuals not receiving medication of any kind. However, the excretory
products of a number of drugs may interfere in the estimation. To overcome this
interference, Brown, Bulbrook & Greenwood [1957o] incorporated in the method an
additional purification step based on the saponification procedure devised by Bauld
[1956], This modification ('method B') was successful for overcoming interference
by cortisone metabolites but was only partially successful for some of the other drugs.
Fortunately, most of these could be discontinued without detriment to the patient.
However, the tight control on medication which is necessary when applying these
methods is liable to break down from time to time even under the best management.
Furthermore, checks for specificity are necessary whenever any new drug is introduced.

Difficulties have been encountered in establishing or refuting the specificity of
results obtained by methods A and B at low levels of oestrogen excretion where the
error of the determination may be large. For example, a number of workers using
the methods have found that small amounts of substances which are measured as

oestradiol, oestrone and oestriol may continue to be excreted by patients after
bilateral adrenalectomy and oophorectomy, procedures which should eliminate
oestrogen excretion [Strong, Brown, Bruce, Douglas, Klopper & Loraine, 1956;

* Hereafter the term oestradiol implies oestradiol-17/3.
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Bulbrook & Greenwood, 1957; Bulbrook, Greenwood, Hadfield & Scowen, 1958],
Brown, Falconer & Strong [1959] were able to demonstrate only a small decrease in
oestrogen excretion in postmenopausal patients with metastatic breast cancer
following oophorectomy and adrenalectomy. These findings could have been due to
lack of reliability of the method at the levels being measured rather than to the fact
that there were appreciable amounts of oestrogens still being excreted after the
operation.

A method is therefore required which is specific under all conditions and which is
approximately ten times more sensitive than the existing methods. The present
paper deals with such a method for oestrone.

The new procedure ('method C') is essentially method B with an additional step
involving separation of the ketonic fraction through the Girard complex. This causes
no loss of oestrone, and the purification achieved is such that the sensitivity of the
assay can be increased by processing larger volumes of urine and by developing the
final Kober colour with smaller volumes of reagents. Using this method one worker
can conveniently perform four determinations in 2 days.

THE METHOD

Materials and reagents are exactly as described for methods A and B. Urine is
collected without preservative and stored at 4° C. When the 24 hr volume is < 1200
ml., the specimen is diluted to this volume with distilled water. Assays are performed
within a week of collection.

Hydrolysis, extraction and purification
Urine (600 ml.) is hydrolysed, either by boiling under reflux with 15 vol. %

(90 ml.) of conc. HC1 for 1 hr, or by incubation overnight at 37° C and pH 4-7 with
^-glucuronidase (200,000 u. plus phenol sulphatase from Patella vulgata [see Brown
& Blair, 1958]). The hydrolysed urine is extracted once with diethyl ether (600 ml.
for acid-hydrolysed urine, 800 ml. for enzyme-hydrolysed urine). The ether extract
is {a) extracted with concentrated carbonate solution, of pH 10-5 (100 ml.) which is
discarded; (b) shaken thoroughly with 20 ml. 8 % NaOH, which is then partly neutral¬
ized to approx. pH 10-0 by adding 80 ml. 8 % NaHC03 solution and is shaken again
with the ether layer; the aqueous layer is then discarded; (c) washed with 20 ml.
8 % NaHC03; (d) washed with water (20 ml.). The water is drained off as completely
as possible. The ether is evaporated in two portions from a single 500 ml. flask, the
flask being removed from the water bath just as the ether has distilled to dryness.
The last traces of ether vapour are removed by partly inverting the warm flask.

The residue is dissolved in absolute ethanol (2 ml.), Girard's reagent T (0-2 g) and
glacial acetic acid (0-5 ml.) are added, the flask is loosely stoppered, and the solution
is heated on a water bath at approx. 80° C for 15 min with occasional swirling so that
the Girard reagent finally dissolves. The contents of the flask are cooled, water (50 ml.)
is added and the whole is extracted with diethyl ether (75 ml.). The ether extract
containing the non-ketonic fraction is discarded. The aqueous layer containing the
Girard complex is returned to the flask, acidified with HC1 (7-5 ml.) and heated on a
water bath at approx. 100° C for 15 min. After cooling, the solution is extracted
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with benzene (25 ml.). The benzene extract is diluted with light petroleum (25 ml.),
washed once with water (50 ml.) which is discarded, and extracted with two 25 ml.
vol. 4 % NaOH. The NaOH extract is boiled for 30 min under reflux as in method B,
cooled, and solid NaHC03 (6 g) is added. The mixture is shaken until the NaHC03
has dissolved, and is extracted once with benzene (25 ml.). The benzene extract is
washed with water (5 ml.), diluted with light petroleum (25 ml.) and the oestrone is
re-extracted with two 25 ml. vol. 1-6% NaOH. Boric acid (0-9 g) is added to the
NaOH extracts and the oestrone is methylated as described for method A.

The estimation of oestrone is then continued as in method A, chromatography
being completed after elution of the oestrone methyl ether fraction with 40 % benzene
in light petroleum.

Colorimetry
The oestrone methyl ether fraction is collected into a 6 x f in. tube fitted with a

B19 socket at one end for connexion to the evaporation apparatus and narrowed
at the other to a diameter of approx. £ in. Quinol (1-4 mg) in ethanolic solution
(0-07 ml. of 2 %, w/v) and a small piece of porous tile or alundum are added and the
solution is evaporated to complete dryness as described for method A. During the
later stages of the evaporation, the tubes are raised in the boiling water bath so that
only the narrowed portions are immersed. In this way the solvent partially refluxes
as it distils and all the solid collects in the bottom of the tube. A blank tube with

quinol only is prepared at the same time.

Table 1. Optical densities produced in the Kober reaction by oestrone methyl ether
Oestrone Optical densities (mfi)

methyl ether* ,
—-—*

, Corrected

(fg> 480 516 552 reading
0-5 0-066 0-100 0-029 0-105
1-0 0-119 0-189 0-050 0-209
2-0 0-194 0-339 0-069 0-415
3-0 0-268 0-485 0-088 0-614
4-0 0-344 0-658 0-105 0-867

* Expressed as weight of oestrone.

The Kober colour reaction is performed as follows: 1 ml. of the oestrone reagent
(2% quinol in 66%, v/v, H2S04) is added to the residue and the tube is heated for
20 min in a boiling water bath. The reagent is run round the lower walls of the tube
before heating, and again during the first 5 min of heating. The tube is then cooled
in a bath of cold water. Water (0-17 ml.) is added, the tube is shaken and heated
again in the boiling water bath for 10 min. The tube is cooled again in cold water for
approx. 10 min. The optical density is measured against a similarly treated reagent
blank in a spectrophotometer using micro-cells with a light path of 10 mm, at wave¬

lengths 480, 516 and 552 mp. The optical density readings (/)) are corrected by
applying the following formula which is derived from that of Allen [1950]:

corrected reading = 2D516-(D480 +D652).
The amount of oestrone methyl ether present is found by applying the corrected
readings to a standard calibration curve prepared with pure oestrone methyl ether



334 J. B. BROWN AND H. A. F. BLAIR

(Table 1). This is then converted to the corresponding amount of free oestrone by
multiplying by the ratio of the molecular weights (0-95). The 24 hr excretion is
calculated from this and the 24 hr urine volume.

RESULTS

The method has been evaluated by the procedures used by Brown et al. [1957 a, 6]
with the following results.

(1) Accuracy
The accuracy of the method was tested by recovery experiments in which known

amounts of oestrone were added to urine specimens which had been hydrolysed
enzymically or with acid. Most of the recoveries, especially those at the lower levels,
were performed on urines from adrenalectomized and oophorectomized women who
were excreting very small or undetectable amounts of oestrone; some, however, were
performed on urines from postmenopausal women, from younger women with
amenorrhoea and from a castrated man.

Table 2. Evaluation of the method
Recovery of oestrone from hydrolysed urine (results corrected for endogenous blank values).

Oestrone conc. Percentage recovery No. of
(jtg added/24 hr urine) (mean + s.D.) estimations

4-6-8-0 82-6+ 4-2 10
1-1-1-6 77-3+ 3-5 12
0-2-0-55 87-6 ±12-7 10

Estimates of precision, expressed as estimates of the s.D.(s) of results from their means
(from duplicate determinations).

No. of duplicate
Oestrone conc. s determinations used

(/xg/24 hr urine) (/xg/24 hr urine) for calculating s
0-1 0-025 22

1-1-5-0 0-09 9

The percentage recovered after allowing for the blank values was approx. 80%,
which is the same as that obtained for methods A and B. This shows that there is no

loss during the Girard purification step. The standard deviation of the recovery
figures from their means increases with decreasing oestrogen concentration but is still
highly satisfactory even when 0-2 pg oestrone was added per 24 hr urine.

(2) Precision
The precision, ls', of the method, was calculated by the method of Snedecor [1952]

from the differences between the two results of duplicate determinations performed
on urines from a number of individuals. The results are also summarized in Table 2.

In twenty-two duplicate determinations performed on urines containing < 1 pg
oestrone/24 hr urine the figure for 's' was 0-025 pg/24 hr urine. This figure is fourteen
times better than that obtained for method A. The figure for 's' increases with the
oestrogen concentration.
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(3) Sensitivity
The error of a determination can be calculated from 's'. For example, if it is

specified that the percentage error should not be more than + 25 % in 99 estimations
out of 100, then the smallest amount of oestrone which can be measured with this
accuracy is 0-25 pg/24 hr with a single determination and 0-18 pg/24 hr with a
duplicate determination. Similarly, the smallest amount of oestrone which can be
distinguished from zero is 0-064 pg/24 hr with a single determination and 0-045 pg
with a duplicate determination.

(4) Purity of final urine extracts
If the colours produced in the Kober reaction by impurities are assumed to have

linear wavelength absorption curves between 480 and 552 nip, then their optical
densities (o.d.'s) at the absorption maximum of the oestrone colour can be calculated
from the following formula:

o.d. of impurities at 516mp = observed o.d. at 516mp —corrected reading x 0-75,
where 0-75 is the ratio, o.d. at 516 mp/corrected reading, for pure oestrone methyl
ether.

The amounts of impurities present in the oestrone fractions obtained from a
number of urine specimens were calculated in this way. The results, expressed as
pg oestrone/24 hr urine which the impurities would represent if the correction formula
were not applied, are summarized in Table 3. Figures for acid-hydrolysed and

Table 3. Kober chromogenic impurities in urine extracts
(Results expressed as /xg oestrone/24 hr urine the impurities would represent if the Allen correction

were not applied.)
Assay method Acid hydrolysis Enzymic hydrolysis

A* 10-4 + 5-0 (25) 4-2 + 3-5 (27)
B* 5-1 + 1-4 (34) 1-9+1-4 (34)
C 1-1 + 0-6 (20) 0-4 + 0-3 (25)

No. of estimations in parentheses.
* From Brown & Blair [1958].

enzyme-hydrolysed urine are shown, together with the corresponding figures given
for methods A and B [Brown & Blair, 1958], The mean amount of impurity found in
the extracts of twenty-five urines which had been hydrolysed enzymically corre¬
sponded to 0-4 pg oestrone/24 hr. Frequently none was detected, the wavelength
absorption curve of the colour produced with the urine extract being the same as
that produced by pure oestrone methyl ether. The corresponding figure for extracts
from acid hydrolysed urine was 1-1 pg/24 hr urine. Both these figures are approx.
one-tenth of the figures for method A, thereby justifying the tenfold increase in
sensitivity of the new method. Part of these remaining impurities is probably derived
from the quinol and solvents used in the method [see Roy & Brown, I960].

Comparison of results
(1) Yields by acid and enzymic hydrolysis

Yields by acid and enzymic hydrolysis were compared on thirteen specimens of
urine using method C (see Table 4). As might be expected, no differences were
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detected when the amounts of oestrone were <0-1 pg/24 hr, that is, below the
limits of sensitivity of the method. At higher levels, enzymic hydrolysis tended to
give slightly greater yields than acid hydrolysis; when these were expressed as the
ratio of the yields, acid hydrolysis/enzymic hydrolysis, a figure of 0-95 + 0-15 (mean ±
s.D.) is obtained, which is higher than the figure 0-83 + 0-10 reported by Brown &
Blair [1958] using method B. This difference is probably due to the fact that the 24 hr
vols, ofurine used in the present comparison were generally greater than those used by
Brown & Blair [1958], and this would lead to a smaller loss of oestrone during acid
hydrolysis.

(2) Results obtained by method C compared with those obtained by method B
Sixty-five parallel determinations using methods B and C were performed on

thirty-seven specimens of urine. Acid hydrolysis only was used for method B, while
either enzymic or acid hydrolysis was used for method C. The results are summarized
in Table 4 (lower half), irrespective of the method of hydrolysis used. Between

Table 4. Comparison of results
(1) Acid v. enzymic hydrolysis using method C

Difference between results
Oestrone conc. No. of enzymic minus acid
(fig/24 hr urine) comparisons (mean + s.D. ftg/24 hr)

0-0-1 4 0+0-04
0-8-4-6 9 +0-19 + 0-43

(2) Method B v. method C
Difference between results

Oestrone conc. No. of method B minus method C

(fig/24 hr urine) comparisons (mean + s.D. fig/24 hr)
0-0-9 45 +0-95 + 0-42

1-0-4-9 11 +0-90 + 0-47
(combined 0-4-9 56 +0-94 + 0-43)

5-20 9 +0-19 + 0-70

All figures are for single estimations.

0 and 4-9 pg oestrone/24 hr, method B, gave values which were on the average,
0-94 pg/24 hr higher than those obtained by method C; the standard deviation of the
results (0-43 pg/24 hr) agreed satisfactorily with that expected from the combined
estimates of precision of the two methods (0-36 yg/24 hr). The differences between
the results obtained by the two methods tended to decrease with increasing oestrone
concentration. If the assumption is made that the results obtained by method C at
low oestrone levels are the correct ones, the fiducial range of a determination per¬
formed by method B on a urine containing < 5 pg oestrone/24 hr is

,, „ „, fx 0-433d — 0*94 + ——5
•yxV

where M is the mean of N determinations (in /xg/24 hr).
When P = 0-05 (f = 2-0) the fiducial range becomes M — 1-8 to M — 0-1 for a

single determination, and M— 1-5 to iff — 0-3 for a duplicate determination. The
smallest amount which can be distinguished from zero by method B is therefore 1-8 pg
for a single determination and 1-5 yg/24 hr for a duplicate determination. These values
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for the sensitivity of method B are higher (and more realistic) than the figures 0-9
and 0-64 calculated from the estimate of precision [Brown et al. 19576],

The comparison included sixteen determinations on the urines of twelve women
with metastatic breast cancer who had been treated by combined bilateral oophor¬
ectomy and adrenalectomy. The results obtained by method C were generally
< 0-10 pg oestrone/24 hr, but in three instances values of 0-18-0-20 pg/24 hr were
obtained, which should have been measurable by the method. The results of this
investigation will be reported elsewhere. Some of the subjects whose urines were
used in this comparison were receiving cortisone, triamcinolone, and phenolphthalein,
which did not affect the results obtained (although phenolphthalein would have
interfered in the estimation of oestradiol by method B). Four subjects with amenor-
rhoea, not included in the series, were receiving 6 mg norethisterone acetate daily.
In these cases, method C gave values of 0-4-3-1 pg oestrone/24 hr, while method B
gave values which were 2-5-3-5 pg higher; these differences are greater than usual
because of metabolic products of norethisterone which interfere in method B but
not in method C.

discussion

The sensitivity of methods A and B is limited by the amounts of impurities present
in the final fractions which produce yellow-brown colours in the Kober reaction. The
contribution of these interfering colours to the optical density (o.d.) is allowed for
by the spectrophotographic correction of Allen [1950]. In this method of correction,
o.d.'s are measured at three wavelengths, one the absorption maximum of the sub¬
stance being estimated, and the other two selected wavelengths which are equidistant
on either side of this maximum. The validity of this correction depends on the
assumption that the wavelength-absorption curves of the colours produced by the
impurities are linear throughout the portion of the spectrum between the selected
wavelengths. Proof that this is always so for oestrogen fractions obtained by
methods A and B has been difficult to obtain. Nevertheless, a considerable amount
of evidence has been accumulated which shows that, when the spectrophotometric
correction is applied, methods A and B give reliable results under most conditions,
provided sufficient amounts of oestrogens are present [Brown, 1955; Diczfalusy,
1955; Marrian, 1956; Brown et al. 19576; Gallagher, Kraychy, Fishman, Brown &
Marrian, 1958]. At low oestrogen levels, a slight deviation from linearity of the
colours produced by the impurities can lead to appreciable errors in the determination.
The Girard step introduced into method C reduces the impurities in the oestrone
fraction to approx. one-fifth those obtained by method B and one-tenth those ob¬
tained by method A. This purification decreases the chances of an impurity which
produces a non-linear wavelength absorption curve between 480 and 560 mp ap¬
pearing in the final fraction. The sensitivity of the estimation can therefore be in¬
creased by processing larger volumes of urine and developing the Kober colour in
smaller volumes of reagents. Theoretically, it should be possible to measure, for
example, 0-3 pg oestrone/24 hr using method C, with the same reliability as 3-0 pg
is measured by method A, providing, of course, that the impurities which give
non-linear wavelength absorption curves in the Kober reaction are as effectively
removed by the Girard step as the others. This is difficult to prove since there is no
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other method of assay sensitive enough for comparison. Nevertheless, the added
purification achieved allows greater confidence to be placed in the results obtained
by method C.

The precision of method C is more than ten times that of method A as indicated
by a lower figure for the estimate of precision, 's'. Calculations based on 's' indicate
that, in a duplicate determination, the smallest amount which can be distinguished
from zero (P = 0-01) is 0-045 pg/24 hr and the smallest amount which can be
measured with an error of less than ±25% (P = 0-01) is 0-18 /xg/24 hr. These are
probably optimistic figures. Figures calculated on the same basis for method B
required modification when a comparison with method C showed that the results
were approx. 0-9 pg/24hr too high.
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SUMMARY

A chemical method for the estimation of oestriol, oestrone and oestradiol-17/3
in the blood of the pregnant woman and of the foetus is described. It is based
on a method previously developed for urine and involves acid hydrolysis of
whole blood, extraction of the phenolic fraction, methylation, chromatography
on alumina columns and colorimetric measurement using a micro-modification
of the Kober reaction. Kober-chromogenic impurities in the final extracts
are derived from the procedure, not from the blood, and are eliminated by the
spectrophotometric correction of Allen. The accuracy, precision, sensitivity
and specificity of the method have been determined.

INTRODUCTION

Several chemical methods for measuring oestrogens in human plasma or blood have
been reported (Veldhuis, 1953; Varangot, Seeman & Cedard, 1955; Preedy & Aitken,
1957). These methods have usually been applied to the measurement of oestriol,
oestrone and oestradiol-17/3 (hereafter referred to as 'oestradiol') in the blood of
both pregnant and non-pregnant individuals, usually with positive results. In all
of these methods, the oestrogens are measured fluorimetrically by the fluorescence
which develops when they are heated with sulphuric acid. Many of the impurities
in the oestrogen fractions interfere in this measurement, either by fluorescing them¬
selves or by partially quenching the fluorescence of the oestrogens. Varangot et al.
(1955) ignored this interference and obtained oestrogen values which were some
hundred times greater than those obtained by more specific methods. Veldhuis
(1953) introduced corrections for this interference and obtained more acceptable
figures, but so many assumptions were involved that proof of reliability of the
results was difficult. Preedy & Aitken (1957) derived the specificity of their results
from following the behaviour of the fluorescent material during fractional gradient
elution chromatography. This expedient involves the fluorimetric analysis of large
numbers of fractions from the chromatograms, and although it gives excellent results,
it is not suited to the assay of large numbers of blood samples.
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The Kober reaction, used either for colorimetry or fluorimetry (Kober, 1931;
Ittrich, 1958), is highly specific for many of the natural oestrogens, and convenient
methods for measuring urinary oestriol, oestrone and oestradiol, based on this
reaction (Brown, 1955; Bauld, 1956; Brown, Bulbrook & Greenwood, 1957 a), have
proved reliable (Gallagher, Kraychy, Fishman, Brown & Marrian, 1958). The method
for blood described here is adapted from that developed by Brown (1955) (method A)
for measuring urinary oestrogens. It employs a 'micro' modification of the Kober
colour reaction and is sensitive enough for measuring oestriol, oestrone and oestradiol
in 10 ml. samples of blood or plasma from women during the second and third tri¬
mesters of pregnancy and in cord blood at birth. The method is suitable for day-to¬
day routine use, four determinations being possible in 1| working days. Another
modification of method A has already been described for measuring oestrogens in
human placentae and in foetal tissues and blood (Diczfalusy & Lindkvist, 1956;
Diczfalusy & Magnusson, 1958).

Aij . MATERIALS AND METHODS
Apparatus ana reagents

The apparatus and reagents are generally the same as those described for method A
(Brown, 1955). Chromatography is performed in 10 mm x 5 cm sintered glass filter
tubes of porosity no. 3, and sealed on to a reservoir of approx. 25 ml. capacity. The
oestrogen fractions are eluted into 12 x 1J cm tubes, fitted at one end with a B14
socket for connexion to the evaporation apparatus and narrowed at the other for a
length of 10 mm to a diameter of 10 mm. The Kober colour reaction is performed in
this narrowed section of the tube.

Optical densities are measured in a Unicam S.P. 600 spectrophotometer using
micro cells with a light path of 10 mm and a capacity of 0-3-0-5 ml.

Ethanol (absolute) is allowed to stand over ra-phenylenediamine for approx.
1 week and is then thrice distilled, the second distillation being performed using a
fractionating column.

Alumina 'for chromatography' (Savory and Moore Ltd, London) is deactivated
with 5-10% of water to the activity specified for method A.

Standard solutions of pure oestrogens for recovery experiments, and of pure
oestrogen methyl ethers for calibration graphs, contain 1 pg/ml. in ethanol, and are
stored in the refrigerator. They are prepared at intervals by diluting solutions
containing 50-100 pg/ml. which are stable indefinitely.

Kober colour reagents containing quinol, sulphuric acid and water are prepared
as described for method A, except that the quinol concentration used in the oestradiol
reagent has been reduced to 1-5% (w/v).

THE METHOD IN DETAIL

Four determinations (two in duplicate) are usually performed at one time. Slightly
more than 20 ml. of blood are collected by venipuncture into tubes containing
50-60 mg sodium oxalate to prevent clotting. Laking or clotting reduces the precision
of the assay. The blood is stored at 4° C and processed within 1 week of collection.
When plasma is being processed, the blood (10 ml.) is centrifuged soon after collection
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and the plasma is removed; the red blood cells are then suspended in isotonic saline
(10 ml.), the suspension is centrifuged, and the supernatant is added to the plasma.

A flow sheet of the extraction procedure is given in the earlier description of
method A (Brown, 1955).

Hydrolysis, extraction, separation of phenol fractions and methylation
Whole blood (10 ml.) or its equivalent of plasma is diluted to 200 ml. with water,

conc. HC1 (11 n, 30 ml.) is added and the mixture is boiled under a reflux condenser
for 1 hr. After cooling under running water, the hydrolysed blood is treated exactly
as the hydrolysed urine in method A up to the chromatography stage. During the
extractions with ether, care is taken not to shake too vigorously. The emulsion which
forms during the first ether extraction is centrifuged at 2000 rev./min for 20 min
when it separates into three layers. The ether and aqueous layers are decanted
separately and the layer of dark brown material is discarded (separation into layers
is facilitated if the hydrolysed blood has been kept at 4° C overnight before extracting
with ether). The emulsions which form during the second and third ether extractions
usually separate when given a vigorous shake after the aqueous layer has been run off.
Emulsions also form during the extraction of the oestrone and oestradiol fraction
from the mixture of light petroleum and benzene with 1-6 % NaOH. These emulsions
separate, however, on standing for 10-20 min. The layer of interfacial solid which
forms at this stage is discarded.

After methylation and the addition of hydrogen peroxide and NaOH, the methy¬
lated oestriol fraction is extracted with 25 ml. benzene, and the methylated oestrone/
oestradiol fraction is extracted with 25 ml. light petroleum, the solvents being used
first to rinse the corresponding methylation flasks. The benzene and light petroleum
extracts are washed twice with two 5 ml. vol. water and the water is drained off as

completely as possible.

Chromatography
Oestriol methyl ether fraction. A column is prepared by pouring 0-7 g of standardized

deactivated alumina into a chromatography tube partly filled with benzene. The
alumina is allowed to settle and a protective 5 mm layer of sand is added. The
benzene extract containing the oestriol methyl ether is applied to the column, taking
care not to transfer any droplets of water with it. When all the benzene has percolated
through, the column is eluted with 3 ml. 1-4% ethanol in benzene, the eluate being
discarded. The column is then eluted with 7 ml. 2-5 % ethanol in benzene; the eluate
contains the oestriol methyl ether and is collected into a tube for evaporation and
development of the Kober colour. Fractions from foetal blood contain relatively
large amounts of oestriol and suitable aliquots are required for colorimetry; or
preferably the Kober reaction is performed with 3 ml. of reagent.

OestroneIoestradiol methyl ether fraction. This fraction is similarly applied to another
column of alumina (0-7 g) prepared in light petroleum. The column is eluted first
with 4 ml. 25 % benzene in light petroleum which is discarded. It is then eluted with
10 ml. 40% benzene in light petroleum; the first 7 ml. of this eluate contains the
oestrone methyl ether and is collected, the last 3 ml. is discarded. The column is then
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eluted with 5 ml. benzene; the eluate contains the oestradiol methyl ether and is
collected.

Evaporation of solvents. Quinol (0-5 mg) in ethanolic solution (0-05 ml. of 1 %w/v)
and a small piece of clean porous tile or alundum are added to each eluate and to
appropriate blank tubes. The solutions are evaporated in an atmosphere of nitrogen,
the rate being controlled by applying a partial vacuum from a water pump. When a
few ml. of solvent remain, the tubes are raised in the water bath so that the remainder
distils slowly and the residue collects in the narrow end of the tube. Finally, all
traces of solvent are removed. This is ensured by allowing the tubes to stand for a few
seconds in the boiling water bath under full vacuum from the water pump. The
tubes are then allowed to cool under a stream of nitrogen. Any possible contamina¬
tion with dust particles, etc., at this stage should be excluded by using scrupulously
clean glassware and keeping the tubes covered.

Colour development and colorimetry. After evaporation, 0-3 ml. of the appropriate
Kober reagent is added to each tube (2%, w/v, quinol in 76%, v/v, H2S04 to the
oestriol tubes, 2% quinol in 66% H2S04 to the oestrone tubes and 1-5% quinol in
60 % H2S04 to the oestradiol tubes). The reagent is made to flow over the lower walls
of the tubes in order to dissolve all the visible residue. The tubes are then heated for
20 min in a boiling water bath, the contents being carefully mixed once during the
first 5 min of heating. They are then cooled for approx. 10 min in a bath of cold
water, and 0-1 ml. water is added to the oestriol tubes, 0-05 ml. to the oestrone
tubes and 0-02 ml. to the oestradiol tubes. The contents are carefully but thoroughly
mixed, and the tubes are heated for a further 10 min in the boiling water bath. They
are then cooled again in cold water for approx. 10 min. Optical densities are measured
against similarly treated reagent blanks in the spectrophotometer at the following
wavelengths: oestriol and oestrone fractions, 480, 516 and 552 mp; oestradiol
fraction, 480, 518 and 556 mp.

Optical density readings (D) are corrected by applying the following formulae
which are derived from that of Allen (1950).

Oestriol and oestrone corrected readings = 2D516 —(Dim +DS52).
Oestradiol corrected reading = 2D518 — (Z)480 + Z>556).

The amount of oestrogen methyl ether present in each tube is obtained by applying
the corrected reading to the appropriate standard calibration graph, and is converted
to the corresponding amount of unmethylated oestrogen by multiplying by the
factor 0-95 (the ratio of the molecular weights). Standard graphs are prepared at
approx. 6-weekly intervals using pure oestrogen methyl ethers (0T-0-8 pg); quinol
(0-5 mg) is added to each tube together with the solvent used for eluting that particular
oestrogen from the alumina columns, i.e. 2-5% ethanol in benzene (7 ml.) to the
oestriol tubes, 40% benzene in light petroleum (7 ml.) to the oestrone tubes and
benzene (5 ml.) to the oestradiol tubes; only the quinol in ethanolic solution (0-05 ml.)
is added to the blank tubes; the solvents are evaporated and the Kober colours are
developed exactly as described above. The corrected readings obtained over a 2-year
period are summarized in Table 1. Also shown are the values obtained when solvents are
not added. The solvent contributes to the Kober-chromogenic impurities (see Table 4),
but does not affect significantly the corrected optical densities of the standards.
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... . j. ,7 j RESULTS(1) Accuracy oj method,
Recovery experiments were performed to test the accuracy of the extraction,

purification, and colorimetric stages of the method and to determine whether losses
occur during acid hydrolysis. Samples of blood were obtained from men and non¬

pregnant women, and from women who were 30-40 weeks pregnant. Foetal blood

Table 1. Relationship between corrected spectrophotometer readings and amounts
of oestrogen methyl ethers (expressed in terms of weight of the free oestrogens)

Corrected readings (mean + s.D.)
Oestrogen

(ug)
0-1
0-2
0-4

*0-4
0-8

Oestriol

0-050 ±0-009 (14)
0-099 + 0-013 (14)
0-185 + 0-011 (16)
0-167 + 0-018 (5)
0-350 + 0-023 (15)

Oestrone

0-057 + 0-009 (14)
0-127 + 0-021 (14)
0-265 + 0-024 (15)
0-256 ±0-020 (8)
0-503 ±0-046 (12)

Oestradiol

0-046 ±0-011 (13)
0-118 ± 0-010 (13)
0-244 ±0-019 (15)
0-248 ±0-012 (16)
0-487 ±0-026 (12)

All values shown were obtained with added solvent except those marked * where the standards were

evaporated from 0-4 ml. ethanol (see Table 4). No. of observations in parentheses.

Table 2. Recovery of oestrogens added to blood
(All figures corrected for endogenous values.)

Oestriol Oestrone Oestradiol

Source of blood

^on-pregnant
individuals

Pregnant women

Jmbilical cord

Stage when
oestrogens

were added

e-e
added/
10 ml.

No.
of

obs.

°//o

recovery
(mean ±

S.D.)

+g
added/
10 ml.

No.
of

obs.

°//o

recovery
(mean ±

S.D.)

e-g
added/
10 ml.

No.
of

obs.

°//o
recovery
(mean ±

S.D.)
After 0-05 7 54 ±20 0-05 10 78± 13 0-05 10 69 ±15
hydrolysis

After 1-0 13 63 ±8 0-4 12 66± 13 0-2 12 67 ±13
hydrolysis

Before 1-0 6 56 ±4 0-4 7 56 ± 5 0-2 8 47 ±5
hydrolysis

After 16-0 13 64 ±7 0-4 17 68 ±9 0-2 23 72± 11
hydrolysis

Before 16-0 11 59 ±7 0-4 14 65 ±12 0-2 16 64 ± 14
hydrolysis

was obtained from the umbilical cord at delivery. Each sample was divided into
two portions and the three oestrogens were added before or after hydrolysis to one

portion, in amounts corresponding to those found during pregnancy. The two
portions were assayed and the recovery of the added oestrogen was calculated after
subtracting the endogenous values. The results are summarized in Table 2. When
oestrogens were added after hydrolysis, approx. 64 % of the oestriol, 67 % of the
oestrone and 69 % of the oestradiol was recovered; when added before hydrolysis,
approx. 59 % of each of the three oestrogens was recovered, indicating that small
losses occur during the boiling with acid. These figures are lower than those for
urine where, for example, 80-85 % of the oestrogen added after hydrolysis is recovered.
Attempts to improve these figures for blood were unsuccessful. Plasma gave the
same results. The losses appear to be due to partial adsorption on to the hydrolysed
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protein, to interference in partition coefficients by the blood lipids and to mechanical
difficulties caused by the emulsions and interfacial solids which form during the
procedure.

(2) Precision of method
An estimate of the precision of a method is given by the standard deviation (s.d.)

of results of replicate determinations from their means. This was calculated by the
method of Snedecor (1952) from a series of duplicate analyses as follows:

estimate of s.d. ('«') = /^r,v '
V 2N

where d is the difference between the two results in a duplicate determination, and N
is the number of duplicate determinations performed.

Table 3 summarizes the values of 's' calculated in this manner. The results are

given for various levels of oestrogen concentration and are expressed as p.g/100 ml.
blood. Values for 's' depend on oestrogen concentration. A number of useful factors

Table 3

A. Precision expressed as estimates of s.d. ('s') of results from
their means (from duplicate determinations)

Oestrogen
No. of concn.

duplicate (pg/100 ml. (jug/100 ml.
Source of blood determinations blood) blood)

Oestriol Pregnant women 37 0-1-0 0-13

Pregnant women 91 1-1-10-0 0-22
Umbilical cord 16 50-90 5-8

Oestrone Pregnant women 71 0-1-0 0-08

Pregnant women 66 1-1-7-0 0-19
Umbilical cord 21 0-1-5 0-21

Oestradiol Pregnant women 92 0-0-5 0-06

Pregnant women 44 0-6-1-3 0-08
Umbilical cord 21 0-1-6 0-17

B. Sensitivity and fiducial range calculated for a duplicate determination
from 's' (P — 0-05)

(Values in /ig/100ml. blood.)

Pregnancy blood Oestriol Oestrone Oestradiol

Smallest amount distinguishable from zero 0-18 0-11 0-08
Smallest amount measured with an error of < + 25 % 0-72 0-45 0-34
Fiducial range*

Concn. 1-0 /ag/100 ml. or less m + 0-18 m + 0-11 m + 0-08
Concn. > l-0pg/100ml. m + 0-31 m + 0-27 m + 0-11

Umbilical cord blood

Smallest amount distinguishable from zero 8-0 0-3 0-2
Smallest amount measured with an error of < +25 % 32 1-2 0-8
Fiducial range m+8-0 m + 0-3 m + 0-2

* Cf. text p. 15.
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can be calculated from this estimate. For example, the smallest amount of oestrogen
which is distinguishable from zero can be calculated as ts/^jN; the least amount of
oestrogen which is determined with an error of say + 25 % can be calculated as
lOOts/25^N; and the fiducial range of a result can be calculated as M ± tsjf'N,
where M is the mean of N determinations. When analyses are performed in duplicate
andP = 0-05 (t = 1-96) these calculations give the values shown in Table 3. It should,
however, be remembered that these calculations give an indication of the basic
handling errors of the method, but do not take into account the errors due to in¬
complete extraction from blood or any lack of specificity of the method.

(3) Specificity of method
The specificity of the method depends on the Kober colour reaction and on the

extraction and purification procedures employed.
The formation, in the Kober reaction used here, of an intense pink colour with an

absorption maximum at 516-518 mp, with the characteristic wavelength-absorption
curve illustrated in Fig. 1, and a high extinction coefficient {E \°fm) of approx.
1-5 x 103 at 516-518 m/x, is a specific property of oestriol, oestrone and oestradiol,
and of some of the other closely related natural oestrogens. This colour should not
be confused with a slight deviation from linearity given by some impurities in the
region of 516 mp. No other phenolic compounds are known to give this colour
reaction.

The extraction and purification procedures contribute to the specificity of the
method by removing non-phenolic compounds and most of the other impurities, and
by separating the oestrogens from one another. During chromatography, each
oestrogen fraction from blood is normally collected in one portion of eluate; however,
when it is fractionally eluted, the substance being measured as oestrogen shows
exactly the same elution pattern as the corresponding pure oestrogen methyl ether
(Table 4). The procedure does not completely separate 16-epioestriol from oestriol
so that a trace of this oestrogen contaminates the oestriol fraction (Brown et at.
19576); nor does it separate equilin and equilenin from oestrone, or oestradiol-17a
from oestradiol-17/1 (Brown, 1955), but these three oestrogens are not known to
occur in the pregnant woman. The a-ketolic oestrogens such as 16a-hydroxyoestrone
are destroyed during the method and do not interfere. Some of the 2-methoxy-
oestrone appears after methylation in the oestradiol methyl ether fraction; however,
this oestrogen gives an atypical Kober colour which is eliminated by the spectro-
photometric correction.

The spectral characteristics of the Kober colours produced by the pure oestrogen
methyl ethers and by blood extracts which have been prepared by the method are
illustrated in Fig. 1. The three fractions from pregnancy blood all show a peak of
absorption at 516-518 mp which indicates that they contain oestrogen. The fraction
from non-pregnancy blood shows no peak in this region, its wavelength-absorption
curve being practically linear between 480 and 560 mp (corrected reading —0-004).
By comparison with the pure oestrogen methyl ethers, the fractions from blood also
contain a yellow component which absorbs most strongly at the shorter wavelengths.
This component interferes in the direct optical density measurements of any oestrogen
pink colour which may be present. If the fraction from non-pregnancy blood shown



16 Eveline J. Roy and J. B. Brown

Table 4. Elution 'pattern of oestrogen methyl ethers and blood extracts from
alumina* columns

Eluate Benzene-light petroleum Benzene

25/75 40/60

ml. of eluate 4 2 4 6 8 10 2 4 6

Oestrone methyl ether — 24 43 31 2 — — —

Oestradiol-17/3 methyl ether 24 62 14
Blood extract — 29 42 21 8 — 38 54 8

Eluate Ethanol-benzene

1-4/ 2-5/97-5
98-6 ,

ml. of eluate 3 2 4 6 8

Oestriol methyl ether 6 64 28 2
Blood extract — 2 91 5 2

Results are expressed as percentage of oestrogen present in each fraction, and in the case of blood
extracts refer only to Kober chromogens estimated as oestrogens after applying the colour correction.

* Activity as specified by Brown (1955).

Wavelength (m/x)

Fig. 1. Wavelength—absorption curves of colours produced in the micro-Kober reaction.
A, oestriol; B, oestrone; and C, oestradiol fractions from pregnancy blood; D, oestradiol
fraction from non-pregnancy blood; E, pure oestradiol methyl ether (0-4 ^g). Corrected
readings were A, 0-296; B, 0-198; C, 0-080; D, —0-004; E, 0-246.
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in the figure contains no detectable oestrogen, which is likely, then its wavelength-
absorption curve represents that of the yellow impurity. Since this curve is linear
between 480 and 560 my, the interference in the optical density measurements is
completely eliminated in this particular example by the Allen spectrophotometric
correction. The specificity of the method depends on whether the impurities always
conform to these spectral characteristics. Consequently, the Kober colours produced
by a large number of extracts from blood and plasma and by residues from evaporated
solvents were analysed. The basic assumption was made that the wavelength-
absorption curves of the impurities were linear between 480 and 560 my, and from
this the amounts of impurities present were calculated by the Allen formula as
follows:

D impurities = observed Dmax. — corrected reading x 0-75,
where D impurities is the optical density at 516-518 my, contributed by the impurities,
observed Umax, is the observed optical density at 516-518 my, the corrected reading is
calculated from the optical density measurements at 480, 516-518 and 552-556 my,

Table 5. Kober-chromogenic impurities in oestrogen fractions

A. 'Pure' solutions

Pure oestrogen methyl ethers
(0-4 fig in 0-4 ml. ethanol)

Solvents* together with pure
oestrogen methyl ethers
(/xg oestrogen)

0-1
0-2
0-4
0-8

Combined range 0■ 1 - 0■ 8 /xg

B. Extracts from blood (10 ml.)

Range of oestrogen content
(fig/10 ml.)
0-0-2
0-0-7
0-1-0

Calculated optical densities of impurities at 516—518 m/i
(mean ± s .D. /tube)

Oestriol Oestrone Oestradiol

0-005 ± 0-028 (5) - 0-006 ± 0-030 (8) 0-012 ± 0-022 (16)

0-055 ±0-035 (14)
0-082 + 0-035 (14)
0-075 + 0-030 (16)
0-109 + 0-025 (15)

0-090 ±0-036 (14)
0-092 ±0-034 (14)
0-101 ±0-036 (15)
0-112±0-048 (12)

0-061 ±0-023 (13)
0-078 ±0-034 (13)
0-081 ±0-031 (15)
0-098 ±0-067 (12)

0-081 ±0-036 (59) 0-098 ±0-038 (55) 0-079 ± 0-042 (53)

0-070 ±0-032 (152)
0-100 ±0-039 (147)

0-088 ±0-037 (154)

No. of observations in parentheses.
* Solvent added to the oestriol tubes was 2-5% ethanol in benzene (7 ml.); to the oestrone tubes,

40% benzene in light petroleum (7 ml.); to the oestradiol tubes, benzene (5 ml.); none was added to
the blank tubes. All tubes contained quinol (0-5 mg) added in ethanolic solution (0-05 ml.).

as described in the method section, and the factor 0-75 is the ratio observed Z)max./
corrected reading for the pure oestrogen methyl ethers when the Kober reaction is
performed with 3 ml. of reagent (Brown, 1955).

The results of these calculations are summarized in Table 5, those for the ' pure'
solutions being derived from the same readings as the standards given in Table 1.

On average, practically no impurities were present when the pure oestrogen methyl
2 Endoc. 2i, i
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ethers were evaporated directly from 0-4 ml. of ethanol, as might be expected;
however, considerable amounts of impurities were found when the pure oestrogen
methyl ethers were evaporated with the same volumes of solvents as those used for
eluting the fractions from the alumina columns, and these amounts of impurities
were no less than those found in the extracts from blood. The Kober chromogenic
impurities present in blood extracts were therefore derived entirely from the solvents
used in the assay procedure and not from the blood; their contribution to the optical
densities at 516-518 mp, is, on average, equivalent to that produced by 0-21 pg
oestriol, 0-21 pg oestrone and 0-19 pg oestradiol per tube. This source of contami¬
nation had not been recognized in the related urinary methods, and had become
apparent here only because of the exaggerating effect of the small volumes of reagents
used in the Kober reaction. When the oestrogen methyl ethers were added directly
to the solvents, the amounts of the impurities tended to increase with increasing
oestrogen concentration. However, only in the case of oestriol was this increase
significant; it was almost certainly due to a small error in the factor 0-75 used in the
calculations and does not affect the general conclusions. Considerable variations in
the amounts of impurities occurred within each group and within replicates from the
same source. However, the variation within groups was approximately the same for
all the groups (s.d.'s between 0-03 and 0-04), a finding which indicates that the variation
had a common cause in all the groups.

Attempts to remove the impurities from the solvents were unsuccessful, apart
from a possible improvement in the ethanol by standing over m-phenylenediamine.
The amounts of impurities were diminished by decreasing the size of the alumina
columns and consequently decreasing the volumes of eluants required, and also by
decreasing the amounts of quinol added. In fact, traces of quinol deposited on the
walls of the tubes during evaporation, and exposed to variable degrees of oxidation,
could well be the major source of the extraneous colours. This would explain the
variations in the amounts of impurities found, which also occurs in the blank tubes,
as well as the fact that large volumes of solvents produce larger amounts of impurities
because they extend the area covered with quinol. Dirty glassware and particles of
dust, rubber or cork are other possible sources of contamination which must be
rigidly excluded after chromatography.

Since the impurities are derived from the procedure and not from the blood, the
spectral characteristics of the colours they produce can be more readily defined.
A simple method for eliminating their effect would be to add solvents to the blank
tubes. However, the amounts of impurities vary so much that this expedient often
leads to negative optical density readings. As shown in Table 1, the corrected optical
densities of the oestrogen methyl ether standards are the same whether the solvent
with its impurities is added or not; this could happen only if the wavelength-
absorption curves of the impurities are in fact linear between 480 and 560 mp.
Allen's spectrophotometry correction is therefore a completely valid procedure for
eliminating this interference. Furthermore, the addition of solvents to the standards
used for preparing calibration graphs provides a further safeguard against errors
arising from this source. Under these conditions the Kober colour reaction confers
a high degree of specificity on the results obtained.
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(4) Application of additional purification procedures
A twofold purification of the oestrogen fractions from urine is achieved by adding

a saponification step to the method, and a further fivefold purification of the oestrone
fraction is achieved through the complex formed with Girard's Reagent T (Bauld,
1956; Brown et al. 1957a; Brown & Blair, 1960). These procedures, which increase
the reliability of the method for urine, have been incorporated in the method for
blood, with the results shown in Table 6. Cord blood was used for this comparison
because of its availability, and oestriol was not estimated because its concentration
is sufficiently high in this fluid for there to be little doubt about the validity of the
results obtained.

Table 6. Effect of additional purification procedures on oestrone and oestradiol
fractions from cord blood*

Purification

procedure
Saponification

Girard

separation

Whether

applied
Yes
No

Yes
No

No. of com¬

parisons

;}

Changef in oestrogen values
(fg/100 ml.)

Impurities Z>516_518/10 ml. blood

Oestrone

-0-02 + 0-09

-0-01 + 0-08

Oestradiol

-0-04 + 0-07

Oestrone
fraction

023
022

080 + 0-051
082 + 0-025

f 0-051 + 0-0

\0-061 +0-0

{!

Oestradiol
fraction

0-051 ±0-027
0-077 + 0-022

* Containing 0-6-2-1 fig oestrone and 0-0-6 /rg oestradiol/100 ml.
t Results with additional purification minus results without additional purification.

Compared with the basic method, the additional purification steps did not alter
the oestrogen values or the amounts of impurities found in the final fractions. This
agrees with other conclusions regarding the method; if oestrone and oestradiol were
not being measured specifically, the results might have been altered through removal
of contaminating material, and if the impurities were derived in part from the blood,
then these, too, should have been altered by the additional purification procedures.

(5) Comparison between the oestrogen content of whole blood and plasma
Seven 40 ml. pools of blood were collected from pregnant women. Each pool was

divided into two 20 ml. portions and the oestrogen content of each portion was
determined in duplicate (1) directly using the whole blood, and (2) after separating
the plasma and removing the red cells, as described in the Methods section. According
to the criteria listed in Table 3, no result for the plasma (plus saline washings of the
red cells) differed significantly from that for the equivalent volume of whole blood.
The mean differences, blood minus plasma, in yg/100 ml. blood, with their s.d.'s
were: —0-12 + 0-12 for oestriol, —0-11+0-13 for oestrone and —0-08 + 0-04 for
oestradiol, the ranges of concentration measured being, respectively, 1-6, 0-6-4-3
and 0-2-1-0 pg/100 ml. blood.

discussion

Werthessen, Baker & Field (1950) reported losses of oestrone during incubation
with whole blood amounting to 40-70 % of that added. This great loss has not since
been confirmed (Veldhuis, 1953), but Gray & Bischoff (1955) have shown that there

2-2
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is a 4—5 % conversion of oestrone to oestradiol during incubation with whole blood.
This conversion of added oestrone has been confirmed by Wall & Migeon (1959), who
have shown that the change is insignificant when the period of incubation is 30 min
or less, and that it does not occur in plasma alone. Many workers estimating blood
oestrogens have taken precautions against these changes by separating the plasma
soon after collecting the blood and storing it in the frozen state until assay (Aitken,
Preedy, Eton & Short, 1958). Consequently, most results have been reported for
plasma rather than for whole blood.

In vitro and in vivo studies with 14C-labelled oestrone and oestradiol show that up
to 25 % of the total blood oestrogens may be associated with the red cells (Sandberg
& Slaunwhite, 1957; Wall & Migeon, 1959; Migeon, Wall & Bertrand, 1959). These
would not be included in assays using plasma alone. However, these oestrogens,
which appear to be adsorbed on the red cells, can be removed by successive washing
of the red cells with plasma or saline, the first washing being the most effective
(Wall & Migeon, 1959). In the present work all assays on plasma included the saline
washings of the red cells, and under the conditions used no differences could be
detected between the oestrogen values for plasma and those for the equivalent volume
of whole blood, although slightly lower values for plasma might have been expected
since the washing procedure should not have been complete. Other experiments
were performed to determine whether any changes in the endogenous oestrogen
content of blood could be detected on storage. Specimens of pregnancy blood were
divided into two portions, one was processed immediately and the other after being
stored at 4° C for several days. The values obtained were identical, indicating that
endogenous oestriol, oestrone and oestradiol are stable in whole blood when kept at
4° C. The extra labour involved in separating plasma from the red cells is therefore
unnecessary. Furthermore, blood tends to give less troublesome emulsions and inter-
facial solids during the assay procedure. Therefore, on the basis of convenience,
whole blood is preferred to plasma for the estimation of oestrogens.

The oestrogens are present in blood in a variety of forms which have been defined
as 'free', 'conjugated' and 'protein-bound'. The accuracy of a method depends on
the efficiency with which these forms are extracted from blood and converted to the
free oestrogens for assay. A considerable amount of work was performed to investi¬
gate this point. However, when each oestrogen had been divided into its various
fractions, the amounts present in each fraction were usually too small to be measured
with any accuracy and small changes in yield with differing fractionation procedures
could not be detected. All that could be done was to determine which procedure
gave the maximum yield of each oestrogen from blood. Of all the methods investi¬
gated, dilution with water followed by boiling with 15 vol. % concentrated hydro¬
chloric acid gave the highest yields, although losses occurred during the process.
Similar conditions have been selected by Varangot et al. (1955), Preedy & Aitken
(1957), and Oertel, West & Eik-Nes (1959). A method which distinguishes between
the oestrogen content of the plasma and red cells, and between ' free',' protein-bound'
and' conjugated' oestrogens would have distinct advantages over the present methods
which determine total oestrogens only. However, a much more sensitive method of
detection and measurement than the micro-Kober colour reaction used here is

necessary for the purpose. The fluorimetric method of Ittrich (1958), which is a
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modification of the Kober reaction, might provide this sensitivity together with the
necessary specificity.

The present method recovers approx. 65% of oestriol, oestrone and oestradiol
added to blood or plasma after acid hydrolysis. The corresponding figure for urine is
approx. 82%. Since the extraction and purification procedures are identical, the
lower recoveries must be caused by the constituents of the blood; for example, losses
could occur through partial adsorption on to the hydrolysed protein, through
interference in partition coefficients by the blood lipids and through mechanical
difficulties caused by emulsions and interfacial solids which form during the procedure.
Similar difficulties have not been reported by other workers. Veldhuis (1953) ob¬
tained recoveries of 80-90% for his method; Varangot et al. (1957) obtained re¬
coveries of 68-75%; and Preedy & Aitken (1957) reported that the recovery of
oestrogens from plasma by their method was the same as from urine (approx. 80 %).
There is at present no satisfactory explanation for this discrepancy.

The oestriol, oestrone and oestradiol contents of blood and plasma obtained from
pregnant and non-pregnant individuals and of foetal cord plasma, have been reported
by several workers. Reliable figures for a pool of late pregnancy plasma have also
been published by Oertel et al. (1959), the oestrogens having been isolated and identi¬
fied by an exhaustive process which included countercurrent distribution, paper
chromatography, the Kober reaction and infrared spectrophotometry. These results
are summarized in Table 7 together with those obtained by the present method.

There are good reasons for accepting the reliability of the results obtained by
Preedy and his co-workers, and by Oertel et al. (1959) for pregnancy and foetal
plasma. When allowance is made for the fact that plasma occupies approximately
half the blood volume and contains most of the oestrogen, there is excellent agreement
between their results for plasma and those obtained by the present method for
blood. In spite of the many assumptions underlying the corrections for impurities
used by Veldhuis (1953), his values also agree very well. The figures reported by
Varangot et al. (1956) are obviously much too high, and illustrate the errors involved
in the direct fluorimetric measurement of oestrogens in relatively crude blood extracts
without taking additional precautions to ensure specificity. The results for cord blood
obtained by the present method agree closely with those reported by Diczfalusy &
Magnusson (1958). Preedy & Aitken (1957) found small but detectable amounts of
oestriol and oestrone in some plasmas from non-pregnant individuals. Similar values
for oestrone were found by the present method in some bloods from this source.
However, the amounts were not greatly different from zero, and the error of the
estimation at these levels is large. Whether these values do in fact represent oestrone
has yet to be determined.

The method has been in use in this laboratory for 2 years and has proved satis¬
factory for the study of oestrogen levels in blood during normal and abnormal
pregnancies from the 12th week to term and in foetal blood at birth. A preliminary
communication describing the results of this application has been published (Kellar,
Matthew, Mackay, Brown & Roy, 1959).

The authors wish to thank Prof. R. J. Kellar and Dr G. F. Marrian for their interest
in this work, and Dr Rachel MacKay for the supply of blood.



Table7.Comparisonofresultsreportedforvariousmethods
Pregnantwomen Blood,8-8Jmonths(Varangotetat.1956) Plasma,7-8months(Veldhuis,1953) Plasma,3rdtrimester(Oerteletal.1959)

IPreedy&Aitken(1957)1 \Aitkenetal.(1958)J
Blood,36weekstoterm(Roy&Brown,presentstudy)Plasma,38weekstolabour

No.of observa¬ tions
8 3 1

11 19

Oestrogenconon.(ftg/100ml.;rangesandmeans) Oestriol
24-280(156) 1-0-1-6(1-4) 2-9 4-3-19-8(13-3) 2-3-19-6(7-8)

Oestrone

Oestradiol

11-155(59) 2-1-3-3(2-7)
5-2 2-7-17-8(9-0) 0-5-9-0(5-0)

3-3 0-6-3-7(2-0) 0-2-1-7(1-0)

Foetusatbirth(cordblood) Plasma(Aitkenetal.1958) Blood(Diczfalusy&Magnusson,1958) Blood(Roy&Brown,presentstudy)

22

59-229(129) 39-68(58) 30-70(49)

1-0-6-1(3-6) 0-2-3(1-3) 0-7-2-3(1-5)

<0-2-0-8(0-5) 0-1-1-3(0-6) 0-1-5(0-6)

Non-pregnantsubjects Blood,menstrualcycle(Varangotetal.1956)

39

0-32(4)

12-190(73)

Blood,menandpostmenopausalwomen(Varangotetal.1956)
8

0

70-160(110)

Plasmapooled(Veldhuis,1953)

1

0-39

0-31

Plasma,womenlutealphase(Preedy&Aitken,1957)
6

<0-15,0-21,0-30
<

0-06,0-13,0-14,0-22
<0-07

Plasma,men(Preedy&Aitken,1957)

5

<0-15

<

0-06,0-11

<0-07

Blood,pooledandmenstrualcycle(Roy&Brown,presentstudy)
6

<0-18

<

0-11,0-13,0-18,0-30
<0-08
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Although the method of Brown (Method A)1 for measurement of estrogens has been
shown to be accurate and reliable, a simplified and more rapid method of analysis
would prove of great value. The feasibility of separating steroids by gas chromatog¬
raphy has been recently shown and a large variety of pure steroids have been effectively
separated on several different columns2. However, little information is available on
steroid estimations by gas chromatography in crude extracts from natural sources
such as urine. The main problem in this application is the nature and extent of
purification necessary to obtain extracts adequate for the sensitive gas chromatog¬
raphy procedure. Obviously, a lengthy purification sequence would be self-defeating
and no advantage over established methods. Our initial attempts to use gas chro¬
matography in the estimation of the urinary estrogens were with late pregnancy urine,
where the amounts of estrogens present are relatively large. For purposes of comparison
values for estrone, estradiol and estriol only are reported since these are the metab¬
olites estimated by Method A.

experimental

Gas chromatography
The instrument was the Barber Coleman Model 10. Columns were 1.8 m x 5 mm i.d.
packed with 100-140 mesh Gas Chrom P coated with SE-30 (3% by weight**).
The columns were kept at 235°, while the detection cell and flash heater were at 260°
and 265° respectively. The gas was argon at 30 p.s.i. and an ionization detection
system was used. Voltage was 600.

Calibration curves

Estrone acetate, estradiol diacetate and estriol triacetate were crystallized to
constant melting point and dissolved in ethanol for calibration standards. The area
of the peaks was obtained from the half-band width. The relationship to the amount
present was not completely linear particularly at the lower values, but was sufficiently
accurate for the problem at hand. On the same column under the same conditions
there were only minor changes in the calibration plots with time. The retention times

*

This investigation was supported in part by a grant from the American Cancer Society and a
research grant (CY-3207) from the National Cancer Institute of the National Institutes of Health,
United States Public Health Service.

**
General Electric Company, Silicone Divison, Water ford, N.Y.
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(estrone acetate - 9.3 min, estradiol diacetate - 13.5 min and estriol triacetate - 24.9
min), did not change if the same column was used. The limits of useful sensitivity
were 0.5 fig for estrone and estradiol and 1.5 fig for estriol. A calibration plot is shown
in Fig. 1.

10r P

, I , I . I , 1 , i
0 12 3 4 5

Area units

Fig. 1. Calibration curves for estrogen metabolites. O = estriol triacetate; X = estradiol diacetate;
9 = estrone acetate.

■Preparation of samples
Different samples of late pregnancy urine were incubated with ^-glucuronidase* and
then extracted with ether. The ether extract was washed with 9 % sodium bicarbonate
solution saturated with sodium chloride and the solvent was removed. A portion of
this extract was analyzed by Method A by one of the authors in the laboratories at
Edinburgh. Another portion was acetylated by standing overnight in acetic anhydride
and pyridine at room temperature and then being heated at 6o° for 0.5 hours. Ethanol
was added and the excess reagents were removed under a nitrogen stream on a water
bath. The residue was dissolved in ethyl ether and filtered through 5 cm x 2 cm
column of neutral alumina. The filtered extract was dried and dissolved in acetone
for gas chromatography.

RESULTS AND DISCUSSION

It was found that the best results for estrone and estradiol were obtained when

0.5-1.0 % of a urine extract from a single day was injected onto the column. For
estriol which is present in much larger amounts, 0.1-0.2% of the extract from a
single day had to be used. Despite the presence of numerous other materials the
pertinent peaks were readily identified, and their areas could be determined. A typical
chromatogram is shown in Fig. 2. The results obtained are listed in Table I (V.P.C.)
and are compared with those obtained by Method A.

*

^-Glucuronidase, known as Ketodase, was obtained from the Warner-Chilcott Laboratories,
a division of Warner-Lambert Pharmaceutical Company, New York, N.Y.
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Retention time (minutes)

Pig. 2. Representative gas chromatogram of acetylated extract from late pregnancy urine. (A)
represents 1 % of one day extract; (B) represents 0.1 % of one day extract. E, = estrone acetate;
E2 = estradiol diacetate; E3 = estriol triacetate. -> point from which a line parallel to the ordinate

was drawn for calculation of peak height.

TABLE I

COMPARISON OF ANALYTICAL METHODS FOR ESTROGEN METABOLITES

0/ Sam-hie PSS24 ^
Sample' Steroid jevlr' used for V.P.C. VPC

I E 1 1 640 600

E 2 1 200 180

E 3 O.I 9,800 9,500

2 E 1 1 920 1,050
E 2 1 260 280

E 3 0.1
1

10,000 10,250

3 E 1 1 200 200

E 2 1 100 130
E 3 0.1 8,200 7,800

4 E 1 0.5 300 280

E 2 °*5 — 150
E 3 0.1 10,800 11,000

5 E 1 1 57o 620

E 2 1 200 190

E 3 0.1 9,400- 9,700

6 E 1 1 35o 400
E 2 1 60 90
E 3 0.2 5-750 6,000

*

Samples represent different 24 hour collections from 3 different subjects.
* *

Values expressed as free steroids.

J. Chromatog., 8 (1962) 21-24
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The results obtained by the two methods were quite comparable. The widest
variations observed were in the estradiol values. This is quite likely due to both the
relatively small quantities of this substance present as well as the fact that the peak
for estradiol in the chromatograms was the least well defined. It should be pointed out
that no correction has been applied to the gas chromatography results, while the
figures from Method A are corrected by 20 % for manipulative losses. The purification
of the samples as described above was minimal. It has been found that further
separation into phenolic and neutral components was not necessary with late preg¬
nancy urine. The'acetylation is not per se a purification step but is carried out to make
the estrogens more thermostable and introduce a substantial molecular weight
distinction between the three compounds. This is necessary to permit separation on
the non-polar phase employed, as discussed by Wotiz and Martin3. The quantity
of material that can be placed on the column is of importance in this problem. With
the minimal purification employed by us, 2 % of a day's extract still gives a back¬
ground that does not obscure the estrogen peaks but the quantities of estrogens
present are such that less than 0.5 % of a 24 hour collection will not give measurable
peaks for estrone and estradiol. Therefore, in extracts with less estrogen, larger
portions of extract would have to be chromatographed and more extensive purification
would be necessary.

There is little doubt from the results obtained that gas chromatography is a
useful analytical method for estrogens in late pregnancy urine. It is considerably
faster and simpler than other available methods and gives results of comparable
accuracy. However, further application of this method to estrogen analysis in non-
gravid female and male urine, particularly to the other metabolites present, will
require substantial refinement. It is hoped that current work on both instrumentation
and sample preparation will permit the eventual rapid and uncomplicated quanti¬
tation of estrogens in physiological extracts.

summary

A method for the quantitative estimation of estrogens in late pregnancy urine by
gas chromatography is described. The values obtained are compared with those ob¬
tained by an alternative chemical procedure (Method A).
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The excretion of oestriol in the urine during
pregnancy increases some thousand-fold from
conception to term. The placental-foetal unit is
the source of this oestriol, and disorders within
this unit are reflected by changes in the output
of urinary oestriol. For example, the urinary
levels tend to be subnormal when the placenta
is small or is markedly degenerated, as in
toxaemia, and fall with intra-uterine death of
the foetus (Smith and Smith, 1934; Zondek,
1954; Zondek and Goldberg, 1957; Lenters,
1958; Kellar et al, 1959; Cassmer, 1959;
Finkelstein et al., 1960; Frandsen and Stake-
mann, 1960). The labour involved in measuring
oestriol in urine has been an important factor
against the more general adoption of this
method for the assessment of placental function
and for the prognosis of the pregnancy. The
present paper describes a simplification for
pregnancy urine of the assay method developed
by Brown (1955). Three possible modifications
have been investigated and compared with the
original procedure. Results obtained by the
preferred method during normal and abnormal
pregnancies are given in the following com¬
munication (Coyle and Brown, 1963).

Methods

Reagents and materials were as described by
Brown (1955). Method A was the method of
Brown (1955) modified for pregnancy urine as
described by Brown (1956). This method
measures three of the urinary oestrogens,
oestriol, oestrone and oestradiol and employs
acid hydrolysis. By measuring oestriol only and
increasing the acid concentration during hydro¬
lysis, the labour and time involved in a deter¬

mination were able to be considerably reduced
as in the following methods, 1, 2 and 3.

Method 1

(1) Hydrolysis. Urine (50 ml.), or a suitable
aliquot of urine diluted to 50 ml. with water,
was boiled in a 250 ml. flask under a reflux
condenser with concentrated HC1 (10 ml.) for
30 minutes. The urine was then cooled.

(2) Extraction. NaCl (7-5 g.) was dissolved
in the hydrolysed urine, the whole was trans¬
ferred to a 100-150 ml. separating funnel and
extracted with one 50 ml. volume of ether. The
urine layer was then discarded.

(3) Removal of the acidic fraction. The ether
layer was extracted with concentrated carbonate
solution, of pH 10-5 (20 ml.) which was
rejected, and then shaken thoroughly with
NaOH (5 ml. of 8 per cent). The NaOH layer
was not discarded but was partly neutralized
by adding 8 per cent NaHC03 solution (20 ml.)
and thoroughly shaken again with the ether
layer. The aqueous layer was then discarded.

(4) Extraction of the phenolic fraction. The
ether layer was then extracted with one 50 ml.
volumes of 1 - 6 per cent NaOH, the NaOH layer
being run into a 100 ml. stoppered conical flask
containing boric acid powder (0-9 g.). The
ether layer was discarded and the conical flask
was placed in a 37° C. water bath.

(5) Methylation. Dimethyl sulphate (1 -0 ml.)
was added from a safety pipette and the flask
was shaken until the dimethyl sulphate and the
boric acid had dissolved. The flask was kept in
the water bath for at least 10 minutes when more

dimethyl sulphate (1-0 ml.) and 40 per cent
NaOH (1 -0 ml.) were added. The flask was again



220 journal of obstetrics and gynaecology

shaken until the dimethyl sulphate had com¬
pletely dissolved and was left in the bath for a
further 15 minutes and cooled.

(6) Oxidation of contaminants and extraction.
Hydrogen peroxide (2-5 ml. of 30 per cent) and
40 per cent NaOH (5 ml.) were added and the
whole was transferred to a 100 ml. separating
funnel and extracted with benzene (25 ml.).
The aqueous layer was discarded. The benzene
extract was washed twice with two 5 ml. volumes
of water, the water being drained off as com¬
pletely as possible.

(7) Chromatography was exactly as described
for oestriol in method A. However, the rigid
specifications given there for the activity of the
alumina were required for separating oestrone
and oestradiol methyl ethers. When measuring
oestriol only, these specifications can be relaxed
to suit the individual operator, provided each
batch of alumina is standardized against
oestriol methyl ether and adequate safety
margins are maintained when eluting with the
two concentrations of ethanol in benzene.

(8) Evaporation. The eluate containing the
oestriol methyl ether was collected into a
6xf-inch test tube ("Kober tube"). Quinol
(4 mg.) in ethanolic solution (0-2 ml. of 2 per
cent W/V), and a small piece of porous tile or
alundum were added. The solvent was evapor¬
ated completely to dryness as described for
method A. Alternatively, the open tube was
placed in a boiling water bath in a fume cup¬
board until the solvent had almost evaporated;
the remaining liquid and vapour were then
completely removed by applying suction from
a water pump while the tube was still hot,
releasing the vacuum by admitting air, applying
it and releasing it again. Traces of solvents not
completely removed interfere in the Kober
reaction which should be performed immediately
after evaporation.

(9) Colorimetry. The Kober colour was
developed and the optical densities measured as
described for method A. The Allen correction

(1950) was applied to the results and the oestriol
content was calculated by comparison with a
standard calibration graph prepared from pure
oestriol methyl ether. Eight determinations were
performed at one time and these took 5-6 hours
to complete.

Alternatively (method 1a) 20 ml. of urine or
diluted urine was processed, using 4 ml. of HC1,
3 g. of NaCl and extracting with 25 ml. of
ether. After this, one-half the above amounts of
reagents was used for the remainder of the
analysis.

Method 2

Method 2 was the same as method 1a up to
and including Stage 6. The benzene extract con¬
taining the oestriol methyl ether was washed
with three 5 ml. volumes of water and then
transferred directly into the Kober tube, care
being taken not to transfer any water with it.
Evaporation and colorimetry were performed as
for method 1. Eight determinations were per¬
formed at one time and these took 4|- to 5^
hours to complete.

Method 3

(1) Hydrolysis and (2) Extraction were the
same as in method 1 a except that 20 ml. of
ether was used for extraction.

(3) Removal of the acidic fraction. The ether
layer was extracted with concentrated carbonate
solution, of pH 10-5 (10 ml.) which was
discarded.

(4) Extraction of the phenolic fraction and
saponification. The ether was extracted with 4
per cent NaOH (20 ml.) and then discarded.
The NaOH layer was run into a 100 ml. flask
and was boiled under reflux for 10 minutes and
then cooled. NaHC03 (2-5 g.) was dissolved
in the NaOH and the solution was transferred
to a 100 ml. separating funnel and extracted
with ether (15 ml.). The alkali layer was dis¬
carded and the ether was washed with 8 per cent
NaHC03 (5 ml.) and then with water (3 ml.).
The ether layer was transferred directly to the
Kober tube, care being taken not to transfer any
aqueous phase with it.

(5) Addition of quinol, evaporation and
colorimetry were performed as in method 1
except that the optical densities were measured
at 480, 515 and 550 mu. The Allen correction
was applied and the oestriol content was
calculated by reference to a standard calibration
graph prepared from pure oestriol. Eight
determinations were performed at one time and
these took 4-5 hours to complete.
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Selection of Urine Volumes
Oestriol output increases more than 1,000-fold

throughout pregnancy. To allow for this,
progressively smaller volumes of urine were
taken for assay as pregnancy advanced so that
the amount of oestriol being measured remained
within the optimum range of the Kober re¬
action. In general, the fraction of the 24-hour
urine collection taken was 1 /100th up to the
14th week of pregnancy, 1 /400th from the 14th
to the 20th week, and 1/2,000th from then until
term. Occasionally 1/4,000th was processed
when very high values were encountered near
term. However, for method A, ten times these
fractions of urine were processed and one-tenth
of the final oestriol fraction was taken for
colorimetry.

Reliability of the Shortened Procedure

Accuracy
Recovery experiments were performed by

adding oestriol (5 pg.) after hydrolysis to 20 or

Table I

Reliability Criteria

Recovery of Oestriol Added to Acid-hydrolysed
Urine

No. of
Observations

Mean Recovery
%± Standard

Deviation

Method 1
Method 2
Method 3

23
23
36

79±4-6
82±3-9
85 ±6-1

Results are corrected for the endogenous blank
values. Oestriol was added in amounts equivalent
to 500 /xg. and 10,000 /xg./24 hour urine

Estimates of Precision (s) of Method 1

Range of Values
s (%)

Edinburgh Dundee

100- 1,000/xg./24hours .. — 6-7(19)
1,000-20,000/xg./24hours .. 3-4 (12) 5-7 (39)

4d2
s = / —where d= % difference between two results

2N

of a duplicate determination and N = the number of
duplicate determinations (given in parentheses).

1 ml. of early pregnancy or non-pregnancy
urine diluted to 50 or 20 ml. with water. The
recovery figures, corrected for the endogenous
values are summarized in Table I.

The mean recovery of oestriol quoted for
method A under various conditions is 77 to
84 per cent (Brown, Bulbrook and Greenwood,
1957a) and a small series performed during this
comparison gave a mean figure of 79 per cent.
The mean recovery for method 1 (79 per cent)
is in the lower part of this range, for method 2
(82 per cent) it is in the upper part of the range
and for method 3 the figure is higher still (85
per cent). However, sometimes, for no apparent
reason, method 3 gave recovery figures which
were obviously in error, and, in one series of
16 measurements, the average figure fell to
52 per cent with a range of 34 to 74 per cent. This
instability of method 3 was also reflected in
some of the comparisons with method A.

Precision

The standard deviation of results of replicate
determinations from their means was estimated
by the method of Snedecor (1952) from a series
of duplicate analyses. Since the oestriol con¬
centrations in these determinations ranged from
100 to 20,000 ;ug./24 hours, the differences were
calculated in percentages,

(highest result) } x J()()
(lowest result)

The estimates of precision obtained for method 1
in the two laboratories are summarized in
Table I. The precision of the method remained
practically constant throughout the entire range
of oestriol concentration, and the error of a
single determination as calculated from "S"
was less than approximately ±11 per cent
(P=0-05).

Comparison with Method A
Several 24-hour specimens of urine were

collected from each of 82 women who were at
various stages of pregnancy and from a number
of non-pregnant women. Each urine was
analyzed singly for oestriol by methods A and 1
and in many cases also by methods 2 and 3. The
results are compared in Table II, and are
divided into those in which method A gave
values of (a) less than 100 pg. of oestriol per
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Table II

Comparison of Results

Oestriol Values Greater than 100 /rg./24 Hours
Results Expressed as Percentage of Result by Method A

Method 1/Method A
Mean %±S.D.

Method 2/
Method A

Edinburgh Dundee

Method 3/
Method A

Mean %±S.D.

100- 1,000 ;ug./24 hours
1,000-40,000 Fg./24 hours

98±12 (21)
96± 8(38)

101±13-5 (72)
105±110 (112)

124±35 (20)
114±14(36)

122±25 (17)
104±10 (28)

Combined figures .. 102±12 (243) 117±24 (56) I10±19 (45)

Oestriol Values Less than 100 /xg./24 Hours
Results Expressed as Differences from Method A in pg./24 Hours

Method 1 Minus A
Method 2 Method 3

Edinburgh Dundee
Minus A Minus A

—2-5± 10 (16) 0±7-3 (16) 40±35 (14) 42 ±38 (10)

Combined figures — 1 -2±8-7 (32)

Numbers of results in parentheses.

24 hours urine, the figures being expressed as
differences from method A, (b) 100 to 1,000 yg.
per 24 hours, and (c) 1,000 to 44,000 yg. per
24 hours, the figures being expressed in both
cases as percentages of method A.

Method 1 versus Method A

There was good agreement between the results
obtained by method 1 and method A at all levels
of oestriol encountered, the differences being not
much greater than those expected if they were
duplicates obtained by the one method. There¬
fore, method 1 is a completely satisfactory
alternative to method A for the determination
of oestriol from the beginning of pregnancy
until term. Calculations based on the figures
given in Table II indicate that the lowest
concentration of oestriol detectable by a single
measurement using method 1 is approximately
17 yg-/24 hours, and the smallest amount
measurable with an error of less than ±25 per
cent is approximately 70 /xg./24 hours.

Methods 2 and 3 versus Method A

The yields by methods 2 and 3 tended to be
higher than those by method A, the means
being 117 and 110 per cent respectively when the
amounts measured were greater than 100 yg-/24
hours. This is not a serious discrepancy since
oestrogens other than oestriol would be in¬
cluded in the measurement. However, the
scatter of results about these mean figures was
considerable and increased with decreasing
oestriol concentrations. For example, between
100 and 1,000 yg. of oestriol per 24 hours, the
actual yields ranged from 72 to 187 per cent with
method 2 and 70 to 183 per cent with method 3.
Below 100 yg. per 24 hours, these percentage
differences increased and, in absolute values,
both methods gave overestimates of approxi¬
mately 40 yg-124 hours (actual range 0-110
yg.j24 hours). Occasionally method 3, for no
apparent reason, gave completely spurious
results. In this series, nine such instances
occurred, where the yields ranged from 29 to 51
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Table III

Kober Chromogenic Impurities
(Results expressed as apparent p.g. oestriol in the volume of urine processed which the impurities would have

represented if the Allen correction had not been applied)

Oestriol pg. Equivalents Mean ± Standard Deviation

Volume of urine processed 20 ml. 5 ml. 1 ml.

Method A .. 1 0±0 - 5 (29) 0-6±0-5 (22) 0- 3±0- 3 (26)

Method 1 .. l-2±0-4(32) 0-9±0-3 (17) 0-5±0-4 (26)

Method 2 .. 4- 8±2-2 (29) l-9±0-5 (15) 0-8±0-4 (26)

Method 3 .. 8-8±4-9 (22) 3-8±1 -4 (22) 31±40 (24)

Number of observations in parentheses.

per cent (mean 37 per cent) of the values
obtained by method A. These have not been
included in Table II.

Purity of the Final Fractions
The optical densities contributed by the im¬

purities present in the final extracts obtained
during the above comparisons were calculated
from the observed optical densities by the
method described by Roy and Brown (1960).
The results, expressed in terms of apparent
oestriol the impurities would have represented
if their contribution to the Kober colour had
not been eliminated by the Allen correction, are
summarized in Table III.

Method A gave the smallest amounts of
impurities and method 1 gave slightly greater
values. The impurities obtained by methods 2
and 3 were respectively 3 to 5 times and 6 to 10
times greater than those obtained by method A,
and at oestriol levels below 1,000 /xg./day,
represented a serious degree of contamination.

Comparison of Results Obtained by Method 1
in the Two Laboratories

Twenty-four hour specimens of urine were
collected from twelve pregnant women in
Dundee and portions were analyzed in duplicate
in both Dundee and Edinburgh using method 1.
Conditions of storage and the dates of the
analyses were the same in the two laboratories.
The oestriol values obtained are shown in
Table IV. The agreement between the two sets

of results was excellent and was almost as good
as if they had been replicates performed in the
one laboratory. The mean percentage difference
and standard deviation, Dundee/Edinburgh, was
— 1 -5±8-5 per cent.

Discussion

A considerable amount of evidence has been
accumulated for the reliability of method A and
of its longer modification described by Brown,
Bulbrook and Greenwood (1957b) (for example,

Table IV

Comparison Between Two Laboratories Using Method I

Oestriol Values* in Milli-
TT . ., , grammes per 24 Hour UrineUrine Number

Edinburgh Dundee

1 51 5-3

2 4-6 41

3 4-4 4-4

4 6-7 6-4

5 1-6 20

6 7-2 6-7

7 8-5 8-4

8 13-7 130

9 8-3 7-9

10 8-8 8-7

11 14-2 13-7

12 10-5 10-5

* Means of duplicate analysis.
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see Brown, 1955; Diczfalusy, 1955; Brown,
Bulbrook and Greenwood, 1957a; Gallagher
et a/., 1958). Furthermore, the oestriol fractions
obtained by these methods from late pregnancy
urine, when subjected to vapour phase chromato¬
graphy, give a single homogeneous peak identical
with that of pure oestriol methyl ether (Fishman
et al., 1962). Method A can therefore be
accepted as a proven method against which the
reliability of the new procedures can be tested.
On this basis, methods 2 and 3 generally give
overestimates of the oestriol present, presum¬
ably because the final extracts contain some of
the other oestrogens present in the urine. At
oestriol levels above 100 jzg./24 hours, these
overestimates are not serious, the means being
117 and 110 per cent, and the real limitations
of the methods arise from the scatter of the
results about these mean values with very
occasional values as high as 187 per cent and as
low as 29 per cent. Even this variation may not
be too serious, and a prolonged trial might well
show that one or both of these methods is
satisfactory for determining the functional state
of the placental-foetal unit. However, the more
specific the method, the more precise the inter¬
pretation which can be given to the results.
Therefore, for this reason, method 1, giving the
same results as method A, is preferred. It has
the additional advantage over methods 2 and 3
of being applicable from approximately the first
missed period through to term. Unfortunately,
it is the longest of the three shortened pro¬
cedures, and involves chromatography which
requires careful control. It is therefore not ideal
for the occasional determination in a routine
laboratory. With careful planning, the process,
including washing of glassware, takes approxi¬
mately 2 hours from the urine to methylation,
and three hours from methylation to the com¬
pletion of eight analyses. Further time is needed
for the measurement and selection of urine
volumes, the calculation of the results and the
preparation of reagents. Eight analyses can
therefore be fitted comfortably into a day's work,
and this can be continued indefinitely. The
application of this method is described in the
following paper (Coyle and Brown, 1963).

Summary
Three shortened modifications of an estab¬

lished procedure have been investigated for
measuring oestriol in the urine of pregnant
women. One has been chosen on the basis of
correspondence of results with those of the
original procedure, although it takes longer to
perform than the other two. By this method,
eight determinations a day can be performed
continuously by one worker.
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OESTRONE AND OESTRADIOL-17(3 IN HUMAN URINE
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At low oestrogen concentrations the assay methods of Brown (1955) and of Bauld
(1956) for measuring oestriol, oestrone, and oestradiol-17/j in urine are limited by
impurities remaining in the final fractions. This interference has been diminished in
Brown's method by an additional step of purification taken from Bauld's method,
thus enabling the three oestrogens to be measured in most urines from men and pre-
and postmenopausal women (Brown, Bulbrook & Greenwood, 1957a). However,
more complete purification is necessary for the measurement of still smaller amounts
of oestrogens present, for example, in the urine of children, or of patients who have
been subjected to gonadectomy, adrenalectomy or hypophysectomy. A procedure
giving highly purified oestrogen fractions in quantitative yield would be useful in the
study of oestrogen excretion after the administration of small doses of tritium-labelled
precursors. Such a procedure would obviate the necessity of purifying to constant
specific activity with its large attendant losses and need for internal standards.

The methods of Brown and Bauld have now been combined into a procedure which
achieves a degree of purification higher than approximately 15 times the original
methods. Briefly, it is the method described by Brown et al. (1957 a) with Bauld's
partition chromatography steps added after saponification and before methylation,
and subsequent chromatography on alumina.

Urine (500 ml.) is hydrolysed with hydrochloric acid, or enzymically (Brown &
Blair, 1958). The hydrolysed urine is partly saturated with NaCl (75 g.) and extracted
with ether (500 ml.) The procedure from then until the completion of saponification
and extraction into ether (oestriol) and benzene (oestrone-oestradiol) is as described
by Brown (1955) and Brown et al. (1957a). The oestriol extract is washed with 8%
NaHCOg and then with water and evaporated to dryness, the last traces of ether
being removed by suction. The oestrone-oestradiol extract is washed with water and
evaporated almost to dryness under reduced pressure. The oestriol residue is dis¬
solved in freshly distilled ethylene dichloride (1 ml.) and the oestrone-oestradiol
residue in benzene (1 ml.); the solutions are stoppered and placed in a constant
temperature room at 18° overnight. They are then subjected to partition chromato¬
graphy on Celite columns as described by Bauld (1956). The eluate containing
the oestriol is diluted with ether (18 ml.) and extracted with two 25 ml. volumes
of 1-6 % NaOH. The eluate containing the oestrone is diluted with light
petroleum and extracted with two 25 ml. volumes of 1-6% NaOH. The eluate
containing the oestradiol is evaporated under reduced pressure, the residue is
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dissolved in a mixture of benzene and light petroleum and this is extracted with two
25 ml. volumes of 1-6 % NaOH. The oestriol, oestrone and oestradiol fractions are
now ready for methylation. The procedure from this step onwards is as described by
Brown (1955) except that the oestrone and oestradiol fractions are methylated and
chromatographed separately. The Kober colour reaction is performed as described
by Brown (1955) except that one-third of the volume of reagents and water are
employed. The use of these reduced volumes is described for oestrone in detail by
Brown & Blair (1960). The optical densities are measured in micro-cells with a light
path of 10 mm. and the Allen correction is applied.

The method has been evaluated as described by Brown, Bulbrook & Greenwood
(19576) on acid-hydrolysed urine from postmenopausal women and men. The results
are shown in Table 1. The recoveries are slightly lower than those given by Brown

Table 1. Recovery of oestrogens added to hydrolysed urine (4-8 fig. added/24: hr. urine)
(Results corrected for endogenous blank values.)

Oestriol Oestrone Oestradiol

Percentage recovery (mean+ s.d.) 79-8 + 7-3 (19) 72-1 + 6-8 (17) 65-1 + 5-3 (16)
[82] [84] [84]

Estimates of precision: s.d .for duplicate determinations
Concentrations (/ig./24 hr. urine)

0-5 0-15 (14) 0-21 (16) 0-14 (16)
[0-46] (22) [0-35] (22) [0-33] (20)

5-12 0-35 (14) 0-47 (16) 0-34 (10)
[0-60] (22) [0-37] (22) [0-45] (22)

Kober chromogenic impurities in urinary extracts: fig. oestrogen/24: hr. urine
represented by the impurities if the Allen correction were not applied

Assay method:
Present procedure 3-0±l-6 (25) 0-4 + 0-3 (25) 1-2 + 0-7 (20)
Brown (1955) 39-6±17 6-6±2-2 18-0±5-6
Brown et al. (1957a) 17-4 + 5-9 3-8±0-9 9-8 + 2-2

Number of determinations in parentheses.
Values obtained with Brown method (1955) in square brackets.

(1955) and the precision at the lower concentrations of oestrogens is improved by a
factor of approximately 2-5. The results are satisfactory considering the increased
number of manipulations involved which partly offset the advantages gained from
the increased purification achieved. The Kober chromogenic impurities, calculated
by the formula used by Brown & Blair (1960), were reduced approximately 15 times
as compared with Brown's method (1955) and seven times as compared with the
modification of Brown et al. (1957a). Preliminary experiments in which the purifica¬
tion procedure has been used in tracer studies have already been reported (Morse,
Warren & Harkness, 1964).
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SUMMARY

Higher temperatures allow lower sulphuric acid concentrations and
shorter heating times to be used in the Kober colour reaction for oestrogens.
A one-stage reaction which is completed in 5 min. at 120° is described for
oestrone and oestradiol, and a two-stage reaction which requires two
periods of heating for 5 min. at 120° is described for oestriol. The conditions
were applied to the Ittrich fluorescence procedure. A spectrophotofluori-
metric correction was developed in which fluorescence was measured at
wavelengths for excitation and emitted light near the optima for the
oestrogens and at another combination at which the oestrogens produced
virtually no fluorescence whereas that of impurities was not diminished.
Extraction, centrifugation and fluorimetry were performed in specially
designed cells. The sensitivity is 0-05-0-1 ng./sample with a linear response
up to 300 ng. and a precision better than 4 % in the range 1-0-100 ng.

INTRODUCTION

The many factors involved in the Kober colour reaction for oestrogens have been
extensively studied (Kober, 1931; Brown, 1952; Bauld, 1954; Nocke, 1961). These
have included the type of reducing agent, the sulphuric acid concentration and the
heating times in the first and second stages of the reaction. The reaction has usually
been performed at 100° for 30-40 min. In order to develop more rapid methods
for measuring urinary oestrogens, an attempt was made to shorten this time by
using temperatures above 100°, and a rapid colour reaction performed at 120° is
described.

Ittrich (1958) showed that the red pigment formed by oestrogens in the Kober
reaction was extractable with a solution of 2 % p-nitrophenol in chloroform and that
the complex could then be measured by colorimetry or fluorimetry. This reaction was
also extensively studied (Ittrich, 1960; Stoa & Thorsen, 1962; Scholler, Leymarie,
Heron & Jayle, 1966). The Kober reaction combined with the Ittrich extraction
provides a highly specific system for measuring many of the natural oestrogens. The
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sensitivity (approx. 10~9 g.) is limited by fluorescence of residual impurities present
in the extracts (Roy, 1962). Lunaas (1964) introduced a correction for these impurities
based on the Allen (1950) correction applied to the emitted light. The present work
describes the development of a simple correction based on both the exciting and
emitted lights.

MATERIALS AND APPARATUS

Kober reagents. Quinol (British Drug Houses (B.D.H.) Spot-Test) was dissolved
with warming in various dilutions of sulphuric acid (B.D.H., A.R.) and distilled
water, the amount being 2 % (w/'v) at sulphuric acid concentrations above 60 %
(v/v), and 1-5 % (w/v) at lower acid concentrations. In the latter, the quinol crystal¬
lized on cooling; therefore the solution was shaken during rapid cooling to produce
small crystals and the reagents were used as suspensions. The reagents were stored in
the dark and were colourless.

Light beam

I
9-4 mm.

Fig. 1. Pyrex glass cell for extraction and fluorimetry.

Ittrich reagents. Sym-tetrachloroethane, p-nitrophenol (B.D.H.) and tetrabro-
moethane (May and Baker) were used without further purification. The reagents
were prepared by dissolving p-nitrophenol (2 g.) in absolute ethanol (1 ml.) with
warming, and adding tetrachloroethane or tetrabromoethane (100 ml.). They were
stored at 4° and were light yellow in colour.

Standard oestrogen solutions. Standard solutions of pure oestrogens and of their
3-methyl ethers were prepared in ethanol at concentrations of 10 //.g./ml. for colori-
metry and 1 jag./ml. and 0-01 /tg./ml. for fluorimetry. For the methyl ethers, the
concentrations were expressed as the equivalent weights of the free oestrogens.

The Kober reaction was performed in B 19 or B 14 stoppered test tubes. Tempera¬
tures above 100° were obtained by heating in a steam sterilizer connected to the
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hospital steam line and equipped with an adjustable pressure-temperature regulator
and an automatic timing device. Alternatively an oil bath could be used.

Extinctions were measured in a Unicam S.P. 600 spectrophotometer with a light
path of 10 mm. Fluorescence was measured in an Aminco-Bowman 4-8202 SPF
spectrophotofluorometer using a xenon lamp or the mercury-xenon lamp 416-993,
the 1P21 photomultiplier tube and the median slit sequence in the optical system
(arrangement 3). Fluorimeter cells were constructed from 9-4 mm. o.d. selected
Pyrex tubing fitting into the cylindrical cell adapter 4-8117. These glass cells were
lj inch in length, sealed at one end and fused at the other to a I f inch long B 14
stoppered test tube which acted as a reservoir in which the Ittrich extraction was
performed (Fig. 1). These cells could be centrifuged and, by using a high specific
gravity Ittrich reagent, which occupied the lower optical section of the tube, extrac¬
tion and fluorimetry could be performed in the one tube without contaminating the
laboratory atmosphere with toxic solvent. During fluorimetry, the tube projected
through a modified cover of cell adapter 4-8116 and was protected by a light-tight
cover.

experimental

Evaporation of solvents. The Kober tube containing the standard solution or
oestrogen extract and quinol (4 mg. for colorimetry, 1 mg. for fluorimetry) and an
alundum granule was placed carefully in a vigorously boiling water bath in a fume
cupboard. The solvent was allowed to evaporate rapidly to dryness, the tube was
removed from the bath and suction was applied immediately from an efficient water
pump until complete dryness was obtained; suction was released and applied once
again to the still hot tube.

Kober colour reaction

Effect of time, temperature and sulphuric acid concentration on colour development
Kober reagents (3-0 ml.) prepared with varying concentrations of sulphuric acid

were added to stoppered test tubes containing oestriol, oestrone or oestradiol 3-
methyl ethers (5 jag.). The tubes were heated in a boiling water bath to dissolve the
oestrogen and quinol, they were then stoppered and heated for various periods of
time at 100°, 110°, 120° and 130°. At the elevated temperatures and lower acid
concentrations the reaction could be completed in one period of heating. The results
are summarized in Figs. 2, 3 and 4. Extinctions were measured at 480 m/i. the absorp¬
tion maximum 520 mja, and 560 m/i and the Allen (1950) correction formula applied:

-®corr. = 2^520 — (7?480 + E560).
The following conditions at a temperature of 120° were chosen for further investiga¬
tion: oestriol, 66% H2S04 reagent for 10 min. or 55% H2S04 reagent for 25 min.;
oestrone and oestradiol, 55 % H2S04 reagent for 5 min. When these conditions were
applied to extracts from urine obtained by the method of Brown (1955), the results
were satisfactory for oestrone and oestradiol, but impurities in the urine extracts and
solvents used partly depressed the red Kober colour formed by oestriol. The recovery
of oestriol methyl ether added to the extracts or solvent residues immediately before
evaporation ranged from 82 to 100% of the true values. This discrepancy could not
be overcome by modifications to the one-stage reaction for oestriol and therefore a
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Fig. 2. Effect of temperature, sulphuric acid concentration and heating time on the corrected
extinction (H00lrJ of the Kober colour produced by oestriol methyl ether (5 fig.).
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Fig. 3. Effect of temperature, sulphuric acid concentration and heating time on the corrected
extinction (Ec0„,) of the Kober colour produced by oestrone methyl ether (5 pg.).
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Fig. 4. Effect of sulphuric acid concentration and heating time at 120° on the corrected extinc¬
tion (Eoolr) of the Kober colour produced by oestradiol methyl ether (5 pg.).
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two-stage reaction at 120° was investigated. Sulphuric acid concentrations in the
first stage were varied between 66 % and 76 % and in the second stage from 53 % to
56 % with heating times from 3 to 15 min. for each stage of the reaction. There was a
considerable range in the conditions giving maximum colour development. Median
conditions chosen were 70 % H2S04 reagent (3-0 ml.) and a heating time of 5 min. at
120° for the first stage; after cooling, water (0-75 ml.) was added and the mixture
was heated at 120° for another 5 min. and then cooled.

Table 1. Relationship between weight of oestrogen and corrected extinction
Corrected extinction*

Weight r
«

(fig-) Free Methyl etherf
Oestriol 2-5 119 129

5-0 240 258
10-0 494 512

Oestrone 2-5 205 230
5-0 403 456

10-0 806 917

Oestradiol 2-5 165 169
5-0 335 336

10-0 667 675

* Means of four to six measurements.

f Expressed as the corresponding weight of unmethylated oestrogen.

Table 2. Comparison of results obtained using two Kober colour reactions for
measuring oestrogens in urine processed by the method of Brown (1955)

Pregnancy urine:
Oestriol
Oestrone
Oestradiol

No. of

comparisons

16

Reaction at 120°/
reaction at 100°

(Mean ratio ±s.d.)

1-00 ±0-085
1-02 + 0-039
0-99 ±0-057

Non-pregnancy urine (all values over 5 //g./24 hr. urine):
Oestriol 20 1-01 ±0-12
Oestrone 20 0-99 ±0-08
Oestradiol 11 l-05±0-08

Under the chosen conditions, the wavelength of maximum absorption was 517-
518 my for oestriol, oestrone and oestradiol, and 520-521 m/.t for their methyl ethers.
The correction formula applied to the extinction measurements (E) was therefore,
for the free oestrogens:

-®corr. = 2-®5i8 — {Em0 + E5b6)
and for the methyl ethers:

-®corr. = ^520 ~ (^430 + E560).

The relationship between weight and corrected extinction conformed closely to
Beer's Law (Table 1). The new procedure had the same characteristics of reproduci¬
bility and stability of colours as the earlier procedure. Results obtained by the new
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colour reaction at 120° were almost identical with those obtained on the same urine

specimens using the earlier reaction performed at 100° (Table 2). The urines were
processed by the method of Brown (1955).

Application to the measurement of oestriol, oestrone and oestradiol in human urine hy the
method of Brown (1955) or Brown et al. (1957a)

By the original procedures one worker could complete four analyses in l|-2 days;
by the following modifications this number can now be completed in 5-6 hr.

(1) Hydrolysis was performed by adding concn. HC1 (30 ml.) to urine (200 ml.) in
an open flask and heating in the steam steriliser at 120° for 15 min. or by boiling
under reflux with 40 ml. concentrated HC1/200 ml. urine for 30 min.

(2) The urine was cooled and extracted twice with 200 ml. ether; the washes with
8 % NaHCOg solution (20 ml.) and water before evaporating the ether were omitted.

(3) The residue after evaporating the ether was dissolved in ethanol (1 ml.),
benzene (15 ml.) and petroleum ether (35 ml.). The mixture was extracted once with
50 ml. water (oestriol fraction) and then once with 50 ml. 1-0 % NaOH (oestrone-
oestradiol fraction).

(4) Methylation was performed for two periods of 10 min. at 45°.
(5) The methyl ether extracts were washed once with water before chromatography.
(6) Alumina chromatography was performed with slight and adjustable pressure

available to each chromatography tube so that reasonable percolation rates could be
maintained. Alumina (2 g.) was dispensed by volume using a calibrated glass spoon.
The oestriol methyl ether fraction was eluted with 15 ml. of 4 % ethanol in petroleum
ether (B.P. 40-60°).

(7) Quinol and an alundum granule were added and the solvents were evaporated
from a boiling water bath in a fume cupboard. The Kober reaction was performed at
120°, and optical densities were measured against a single blank prepared from the
55 % H2S04 reagent.

Using the above procedure, the mean percentage recoveries (±s.d.) of oestriol,
oestrone and oestradiol added to hydrolysed urine were 80 ± 5-8, 82 + 4-8 and 86 + 5-7
respectively in 20 measurements. These values are the same as those reported for the
original methods (Brown, 1955; Brown, Bulbrook & Greenwood, 1957 a, h). The
impurities producing yellow colours in the Kober reaction were calculated for 50
consecutive urine samples; the results in terms of oestrogen equivalents in //g./24 hr.
urine which the impurities would have represented if the Allen correction had not
been applied were (means + s.d.) : oestriol fraction, 9-1 ±3-6; oestrone fraction,
3-6 + 1-9; oestradiol fraction, 12-8 + 5-3. When additional purification by saponifica¬
tion was applied, the figures for another 50 consecutive urine samples were 3-6 + 2-3,
1-9 ±1-6 and 5-6 + 2-6, respectively. These values for impurities in the oestriol,
oestrone and oestradiol fractions are approximately 20, 35 and 60 % of those reported
for the original procedures (Brown & Blair, 1958; Brown et al. 1957 a). These improve¬
ments are due, at least partly, to the new chromatographic conditions for oestriol
and the new Kober reaction for oestrone.
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Ittrich fluorescence procedure
Extraction and measurement of oestrogen fluorescence

The commonly used solvents for extracting the fluorescence have been solutions of
p-nitrophenol in chloroform (Ittrich, 1958), tetrabromoethane (Ittrich, 1960) and
tetrachloroethane (Salokangas & Bulbrook, 1961).

The excitation and emission spectra of the fluorescence in these three solvent
systems have been carefully reassessed in a recent study by Scholler et at. (1966).
Their findings are in complete agreement with our own and are as follows: (1) The
wavelengths for maximum excitation/emission using chloroform or tetrachloroethane
were 535-536 m/t/549-550 m/i for oestriol, oestrone and oestradiol, and 538-539 m/i/
550-551 m/i for their 3-methyl ethers; in tetrabromoethane, the corresponding wave¬

lengths were 541-542 m/i/560—561 m/i for the oestrogens and 544-545 m/i/563 m/i
for their methyl ethers. (2) For absolute elimination of exciting light from the
emitted light the monochromator systems of currently available spectrophoto-
fluorimeters needed to be set at least 19-20 m/t apart; this limitation applied also to
the Aminco-Bowman SPF using the median slit sequence (number 3). Fluorimetry at
wavelengths of maximum excitation and emission for the oestrogens, and complete
elimination of the exciting light from the emitted light was therefore impossible with
these instruments. (3) Slopes of the emission spectra fell rapidly after the maxima so
that measurements made in this region required accurate wavelength settings for
reproducible results. (4) The intensity of fluorescence was influenced by the extract¬
ing solvent, being in the ratio 1-00:0-74:0-58 for tetrachloroethane, chloroform and
tetrabromoethane, respectively when each was measured at its maximum for
excitation and emission. Choice of operating conditions therefore involves a number
of compromises which leave room for improvement when better instruments are
available.

Fluorescence due to impurities
The validity of a spectrophotofluorimetric correction for impurities depends on

whether their excitation/emission spectra have a constant pattern over the region
used for measuring the oestrogen fluorescence. Preliminary experiments indicated
that this requirement was maintained at least approximately under a wide variety of
conditions. Furthermore, a combination of excitation and emitted light was found at
which the oestrogens produced practically no fluorescence whereas the impurities
still fluoresced appreciably. This finding is illustrated in Fig. 5 which shows the
fluorescence spectra produced at an exciting wavelength of 490 m/i by (a) 0-1 /ig.
oestriol, (b) the phenolic fraction from 1 ml. urine obtained from a patient with
hypopituitarism excreting less than 1 jig. 'total oestrogen'/24 hr. and (c) oestriol
Kober reagent blank. The emission spectra of (b) and (c) at an exciting wavelength of
530 m/i are also shown; at this wavelength the relative fluorescence produced by
oestriol (0-1 /ig.) reached a peak of 640 at the emission wavelength of 550 m/i. The
values shown for oestriol and the urine extract are the observed values minus the

corresponding readings for the reagent blank. With an activating light of 490 m/i,
the fluorescence produced by oestriol had practically no component in the region
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500-520 my, and then increased rapidly to a maximum at 550 my. The fluorescence
produced by the urine extract and reagent blank had an appreciable component
between 500-520 my and then decreased almost linearly with increasing wavelength.
At wavelengths of exciting light nearer the maxima for the oestrogens, the fluoresc¬
ence intensities of the urine extract and reagent blank were lower than at 490 my,
but the overall patterns of the emission spectra were similar to those for the im¬
purities at 490 my. The sharp upturn in the spectra of the reagent blank as the wave¬
length approached that of the exciting light was due to contamination with the
exciting light.

The finding that there was a wavelength combination at which the impurities
fluoresced and the oestrogens did not, greatly simplified the calculation of the
spectrophotofluorimetric correction. The contribution of the impurities to the total

500 520 540 560 580 600

Wavelength (m/t) fluorescent light

Fig. 5. Emission spectra of fluorescence produced at two excitation wavelengths, x x ,

oestriol (0-1 fig.) at 490 m/t; • •. urine blank at 490 m/t; O O, urine blank at 530 m/t;
▼ ▼, reagent blank at 490 m/t; V V> reagent blank at 530 m/t. At the excitation
wavelength of 530 m/t, the emission spectrum for oestriol (0-1 fig.) showed a peak at 550 m/t
with a meter reading of 640.

fluorescence at the wavelength combination used for measuring the oestrogens
could be calculated as follows:

impurities Fa/b = observed Fcid x k,
where a/b were the wavelengths of excitation/emission selected for measuring the
oestrogens, cjd was the combination at which the oestrogens did not fluoresce, and k
was the ratio Faib:Fcjd for extracts containing no oestrogens. The correction formula
then became:

corrected Fajb = observed Fa!b — (observed Fctd x k).
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The validity of the correction depended on showing that h was constant for all
impurities likely to be encountered in the analysis. The value for h also depended on
the instrument employed, the wavelengths a lb and c/d selected, and the method
used for developing and extracting the fluorescence.

Details of the fluorescence procedure chosen
Extracts or standard solutions containing the oestrogens or their methyl ethers,

together with 0-05 ml. 2 % (w/v) quinol in ethanol (1 mg.) were evaporated to
complete dryness (Note 1) in test tubes ('Kober tubes') equipped with B14 sockets.
The 55% (v/v) H2S04 Kober reagent (1-0 ml.) was added to the oestrone and
oestradiol tubes and the 66 % (v/v) H2S04 Kober reagent (1-0 ml.) was added to the
oestriol tubes. The tubes were heated in a boiling water bath to dissolve the quinol;
they were then shaken, stoppered, and heated in the steam steriliser at 120° for
5 min. (oestrone and oestradiol) or 10 min. (oestriol) and cooled.

Ittrich reagent (0-75 ml.), prepared with tetrachloroethane (Note 2), was dispensed
into the fluorimeter tubes (Note 3) using a safety pipette in a fume cupboard. The
fluorimeter tubes and Kober tubes were cooled in ice water and 1-0 ml. ice water

was added to the oestrone and oestradiol tubes and 1-5 ml. to the oestriol tubes. The
contents of the Kober tubes were mixed, immersed again in ice water for several
min. and were then poured into the corresponding fluorimeter tube. The fluorimeter
tubes were stoppered and shaken vigorously 100 times to extract the fluorescence.
The tubes were centrifuged at 2000 rev./min. for 3 min. at 0° and allowed to stand
briefly at room temperature until misting over the optical sections no longer occurred;
they were carefully wiped and fluorimetry was performed immediately. Fluorescence
was measured at the maximum sensitivity setting of the Aminco-Bowman SPF
spectrophotofluorimeter using the mercury-xenon lamp as the light source (Note 5)
and the following two combinations of exciting and emitted light: 546 my for
excitation/565 my for emission and 490 my for excitation/520 my for emission.

The oestrogen content was calculated by direct comparison with a known amount
(usually 0-1 yg.) of the corresponding oestrogen standard processed at the same time.

Notes

(1) Quinol may be omitted when evaporating the unmethylated oestrogens and
added later.

(2) Tetrachloroethane was chosen in preference to tetrabromoethane because it
provided greater stability of fluorescence and was more easily handled.

(3) Contamination of Kober tubes with Ittrich reagent was avoided or inter¬
ference in the Kober reaction occurred in later measurements unless stringent
cleaning procedures were employed.

(4) Fading of the oestrogen fluorescence after extraction into the Ittrich reagent
was the greatest source of variation; the loss of oestrogen fluorescence every 10 min.
was approximately 2-5 % at 10°, 7 % at 20° and 12 % at 30° and occurred in both the
standards and unknown. For the most accurate results it was necessary to maintain
the solutions at 0-10°, to allow no more than 12 tubes to demist at one time and to
complete the procedure from dilution of the Kober colour to fluorimetry within
30 min.
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(5) The mercury lamp was chosen because of its greater intensity of activating
light, although only sub-optimal wavelengths for excitation and emission could be
used. This extra sensitivity may not be important with later models of the SPF. In
making the wavelength settings under these conditions the emission wavelength was
carefully adjusted to a fine line scored on the wavelength drum at 565 my; the
activating wavelength was then adjusted to the mercury line at 546 my by selecting
the point at which the oestrogen standard fluoresced maximally.

Calculation of 'k 'for impurities
The fluorescence procedure was applied under a variety of conditions to determine

whether a constant value could be ascribed to ' k'. The following results (means ± s.d.)
were obtained, (a) reagent blanks: k = 2-24 + 0-27 (n = 100); (b) Kober samples
containing large amounts of oxidized quinol: k = 1-94 + 0-12 (n = 8); (c) reaction
performed directly on 0-1 ml. urine from individuals excreting small amounts of
oestrogens: k = 1-96 + 0-26 (n = 58); (d) crude phenolic extracts of urine from
individuals excreting negligible amounts of oestrogens: k = 2-19 + 0-24 (n = 38,
15 patients); (e) sheep plasma (wethers and anoestrous ewes) extracted by the
method of Roy (1962): k = 2-04 + 0-26 (n — 43). A value of approximately 2 was
obtained in each case. Since the correction is, at best, an approximation, a value of
k — 2 was taken and the correction formula then became:

Corrected F646/56S = observed F546/565- 2 x observed F490/520

Results with pure oestrogens
The relationships between the corrected fluorescence intensities and the amounts

of oestriol, oestrone and oestradiol and of their 3-methyl ethers in the range 0-03-
300 ng. are shown in Table 3. The uncorrected values at 546 my/565 my for the

Table 3. Relationship between weight of oestrogen and corrected fluorescence intensity
(means of duplicate measurements)

Corrected meter reading x attenuation at maximum sensitivity

Weight (ng.) 0 003 0-10 0-30 1-00 3-0 10-0 30 100 300

Oestriol 0-6 2-0 4-0 10-8 34-7 100 341 1010 3240 9290
Oestriol methyl 1-4 3-0 5-7 14-0 43-1 133 442 1310 4320 11460
ether*

Oestrone 44-2 4560
Oestrone methyl 1-5 4-0 CO00 22-7 68-3 208 670 2070 6680 18870
ether*

Oestradiol 38-5 3630
Oestradiol methyl 1-5 3-1 7-5 17-5 50-2 148 485 1510 4490 13000
ether*

* Expressed as the corresponding weight of unmethylated oestrogen.

reagent blanks were within the range 8-14 (mean, 9-95; n = 100). The corrected
fluorescence intensity was directly proportional to concentration over the range
0-3-300 ng.; below this range an error was introduced through incomplete correction
for the reagent blank. The results showed that the effects of quenching could be
disregarded at levels up to 300 ng., the highest tested.
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Precision, calculated as the standard deviation of replicate measurements, is

shown in Table 4. In two instances, the figures were obtained from 50-100 consecutive
measurements performed during approximately 6 weeks. The precision for the pure

oestrogen standards was between 2-0 and 4-3 %, even at the level of 1 ng. The
sensitivity of a single measurement, calculated as twice the s.D. of the blank was
within the range 0-05-0-1 ng.

Illustrative application of the fluorescence procedure
The fluorescence procedure was applied to the measurement of oestriol, oestrone

and oestradiol in the urine of individuals who had been subjected to oophorectomy
and adrenalectomy or hypophysectomy. The urines were processed by the methods
of Brown (1955) and of Brown et al. (1957 a) and the contribution of fluorescing
impurities was calculated for extracts obtained (a) without the saponification step,
(b) with the saponification step and (c) with the saponification step and using enzymic
hydrolysis in place of acid hydrolysis. The contribution of the impurities to the un¬
corrected oestrogen values was calculated as 2 x Fi90l520; the mean figures expressed

Table 4. Precision of fluorescence measurements
Corrected meter reading*

No. of replicates (Mean + S.D.)
A. Reagent blanks

Oestriol reagent 22 1-3 + 1-06
Oestriol reagent 100f 1-0 ± 1-14
Oestrone reagent 21 l-5±0-85

B. Pure oestrogens
Amount No. of Standard deviation

(ng.) replicates (% of mean)
Oestriol 1-0 16 4-3%
Oestriol 100 22 2-2%
Oestriol 100 50 f 3-2%
Oestriol methyl ether 100 8 2-8%
Oestrone methyl ether 1-0 14 2-5%
Oestrone methyl ether 100 14 2-0%

* Same units as in Table 3.

t Values collected over 1-2 months.

as /tg./24 hr. urine of apparent oestrogen were for 11 urines: oestriol fraction, (a)
0-096, (b) 0-046 and (c) 0-042; oestrone fraction, (a) 0-046, (b) 0-019 and (c) 0-008; and
oestradiol fraction, (a) 0-132, (b) 0-054 and (c) 0-021 (n = 11). These values were one
hundredth of those calculated for the corresponding fractions from another series of
urines using colorimetry (Brown et al. 1957 a; Brown & Blair, 1958). To illustrate the
order of oestrogen excretion which may be encountered, a woman with metastatic
breast cancer in remission who had been subjected to irradiation of the ovaries and
bilateral adrenalectomy was excreting 0-26 jig. oestriol/24 hr., 0-04 jig. oestrone and
0-02 jig. oestradiol and a child aged 4 yr. was excreting 0-57 jig. oestriol, 0-10 jig.
oestrone and 0-02 jig. oestradiol, both urines having been processed by enzymic
hydrolysis, saponification and fluorimetry. In this application, no zero or negative
corrected values have been encountered.

12 Endoc. 40, 2
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DISCUSSION

Most modifications of the Kober colour reaction are performed at 100° and for
maximum development of colour, two heating stages have been required; the first at
higher sulphuric acid concentrations to form products which are then converted by
heating at a lower acid concentration to the stable pink colour characteristic of the
oestrogens. The present work shows that the acid concentrations and heating times
for the first stage of the reaction are reduced by using temperatures above 100°, and
at 120° the reaction proceeds at a satisfactory rate at the acid concentration optimal
for the second stage. Thus maximum production of colour is achieved with one period
of heating. The one-stage reaction proved satisfactory for measuring oestrone and
oestradiol but not for oestriol in the presence of impurities. A two-stage reaction at
120° was used for oestriol. In addition to saving time, the higher temperature had
several advantages. The wavelengths for maximum absorption are now the same
for all three oestrogens, whereas before they differed slightly, and the colours
produced by oestriol and oestrone are more intense and impurities in the oestrone
fraction are less chromogenic.

The findings for the Kober colour reaction were applied directly to the Kober-
Ittrich fluorescence procedure, except that a one-stage reaction for oestriol was used.
Ittrich (1958) and later workers (Stoa & Thorsen, 1962; Scholler et al. 1966) also
employed a one-stage reaction in which the sulphuric acid concentration for oestriol
and oestrone was 65-68% and the heating time was 40 min. at 100°. In a direct
comparison between the two procedures, the intensity of fluorescence obtained by
heating at 120° was approximately 25% greater than that obtained by heating at
100°.

The compromises involved in formulating the fluorescence procedure are discussed
in the Method section. The special tubes used for extracting and measuring the
fluorescence were designed with three aims in view. First, to avoid contaminating the
Kober tubes with Ittrich reagent; irregular results were encountered after the tubes
had been used for both developing and extracting the fluorescence. Secondly, to use
the smallest convenient volume of Ittrich reagent so as to increase sensitivity, and
thirdly, to avoid evaporation of the Ittrich reagent and contaminating the laboratory
atmosphere with toxic solvent. The high precision of the fluorescence measurement
using these tubes was unexpected particularly since their optical sections were not
made of precision bore tubing and contained visible defects. The tubes were filled
and emptied in the fume cupboard and were cleaned by rinsing with ethanol and
then with water.

The relationship between oestrogen concentration and corrected fluorescence
intensity was linear over the 1000-fold range from 0-3 to 300 ng.; when allowance was
made for the under-correction in the reagent blank, this linearity extended another
ten-fold down to 0-03 ng. This property of the Ittrich fluorescence procedure has
not been stressed by other workers, probably because the step-wise attenuation on
their fluorimeters was not as exact as that on the Aminco-Bowman SPF. The

methylated oestrogens gave higher readings because the conditions chosen for
fluorimetry were nearer to their optima than those for the free oestrogens. The
precision of the measurements was excellent over a wide range of oestrogen concentra-
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tions, the s.d. of replicates being no more than 4-3% of the mean value over the
range 1-100 ng. whether the replicates were performed in one rim or were collected
over a period of several months. The precision compares with the figures of 3-6-5-9 %
quoted by Scholler el at. (1966) and of 4-5-13-2 % quoted by Stoa & Thorsen (1962).
The excellent linearity and precision allowed a single standard to be used for a wide
range of oestrogen concentrations, and considerable confidence can be placed in a
single measurement. Calculations based on the precision of the blank measurement
gave the limit of sensitivity as 0-05-0-1 ng./sample for a single measurement using
pure solutions. The sensitivity without correction quoted by Scholler et at. (1966) was
1-0 ng./ sample under their conditions.

The most important information obtained by measuring fluorescence at the two
wavelength combinations was that the reading at 490 m/i/520 m/i indicated the
extent to which impurities contributed to the total fluorescence at the oestrogen
maxima. The amounts of impurities determine the reliability of the method and the
correction formula is applied to reduce the contribution of the impurities and to
increase the sensitivity of the assay. The extent of this reduction depends on how
closely the fluorescence spectra of the impurities conform to the formula. In the case
of urine extracts, the value Jc = 2 appears to be valid for our particular fluorimeter
using the mercury-xenon lamp under the chosen conditions. For application in other
laboratories and under other conditions, the value of k for impurities would need to
be re-determined. The correction is at best an approximation and overdependence
on its use in the presence of large amounts of impurities will lead to error.

The Ittrich fluorescence procedure is a robust as well as a sensitive method for
measuring oestriol, oestrone and oestradiol in pure solutions and in extracts of
biological fluids. The main error encountered was fading of the fluorescence due to
failure to maintain temperatures below 10° and attempting too many analyses which
cannot be completed in the prescribed time. Under the conditions described here,
extraction and measurement of fluorescence in 12 samples and a standard was
completed in 20-25 min. compared with 20 min. taken to measure the same number
at three wavelengths by spectrophotometry. Because of the comparable speed, the
greater sensitivity and the reduced effect of impurities, the fluorescence procedure
in this laboratory has largely superseded colorimetry for the measurement of oestro¬
gens in all applications except the urine of patients in the second half of pregnancy.

We wish to thank Dr W. J. Moon for providing the urine specimens from the
hypophysectomized or adrenalectomized and oophorectomized women, and Dr
N. W. Moore for the supply of plasma from sheep. We also acknowledge the skilled
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and Miss S. Turner.
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summary

A semi-automatic extractor was developed which processes 12 urines at a
time to a stage where 'total' oestrogens can be measured by colorimetry
using the Kober reaction (late pregnancy urines) or by fluorimetry using the
Ivober-Ittrich procedure (non-pregnancy and early pregnancy urines). One
worker can complete 12 analyses in 3|- hr. or 24-36 in a working day.
The results obtained at oestrogen levels above 1 mg./24-hr. urine were the
same as those obtained by a method specific for oestriol. The results obtained
from non-pregnancy urines were compared with the sums of oestriol, oestrone
and oestradiol obtained by the method of Brown (1955). The mean ratio
( ± s.d.) of the two values was 1-22 + 0-31. The comparisons indicated that
the short procedure was the more reliable method at levels below 5 [ig./
24-hr. urine. Values for normal subjects are given. The methods appear to
be entirely suitable for assessing oestrogen production by the ovaries, testes,
adrenals and placenta.

introduction

Serial measurements of oestrogen and pregnanediol excretion in urine provide the
most reliable method at present available for assessing ovarian and placental
function in man. The main difficulty in the general application of oestrogen assays,
particularly in the non-pregnant patient, is that methods of proven reliability are
laborious.

Recently, several rapid methods have been published for measuring one or a
mixture of oestrogens in urine in which the highly specific Ittrich fluorescence pro¬
cedure has been applied to relatively impure phenolic extracts (Stoa & Thorsen, 1962;
Eechaute & Demeester, 1965; Scholler, Leymarie, Heron & Jayle, 1966; Strickler,
Holt, Acevedo, Saier & Grauer, 1967). The accuracy and precision of these methods
have been reported and specificity has been indicated by the similarity between the
fluorescence spectra produced by urine extracts and oestrogen standards. However,
information has usually been lacking on the precise interpretation of the results in
terms of the values provided by established specific procedures and in terms of
clinical applications.

* McLaughlin Fellow. Present address: Department of Obstetrics and Gynecology, Dalhousie
University, Halifax, Nova Scotia.
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The present paper describes a procedure in which the phenolic fraction from acid-
hydrolysed urine is extracted in a semi-automatic apparatus which processes
12 samples at one time. For urine from subjects more than 20 weeks pregnant the
oestrogens, without further purification, are measured colorimetrically using the
Kober colour reaction. In early pregnancy and non-pregnancy urines the oestrogens
are measured fluorimetrically using the Kober-Ittrich procedure described by Brown,
Macnaughtan, Smith & Smyth (1968).

APPARATUS AND REAGENTS

The extractor (Paton Industries Ltd., 35 Henry Street, Stepney, S. Australia)
consists of 12 partition tubes which are rocked mechanically (Plate and Text-fig. 1).
The tubes are designed for 6 ml. of ether or petroleum ether, or 5 ml. toluene or

Text-fig. 1. The partition tube showing dimensions.

benzene as the upper phase when the lower aqueous phase is being discarded, and
6 ml. of lower phase when the upper phase is being discarded. The accuracy of the
partitions depends on the accuracy with which the tubes are adjusted for these
volumes. The tubes are connected to the rocking mechanism through a friction clutch
which allows the tubes to be positioned as desired. The rocking mechanism is driven
by a 28 rev./min. geared motor and is oscillated through an angle of approximately
15°. Solvents and reagents are added through the C14 cone with the partition tubes in
the horizontal position. The tubes are also in the horizontal position for equilibration,
the position for balanced rocking being indicated by markings on the clutch plates.
The time for equilibration is controlled by a time-clock and is usually 3 min.

The lower phase is discarded by placing the partition tubes in the vertical position
with the capillary outlet at the bottom; the lower phase drains off and the upper
phase is finally balanced by the lower phase in the capillary with the meniscus
visible in the first limb of the capillary. The height of the meniscus can be adjusted
by tipping the tubes further or, for individual tubes, by placing a finger over the
opening of the C14 cone and thus generating a slight pressure above the column of
liquid.

The upper phase is discarded by rotating the tubes into the reverse vertical
position with the capillary at the top (Plate); the dimensions of the tube are such
that exactly 6 ml. of liquid is retained and the remainder runs to waste from the C14
cone. A stream of water flowing across the tray carries away the discarded solvents.
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After rejecting the unwanted phases, liquid is collected from the partition tubes
by placing them in a position slightly inclined from the horizontal with the liquid
away from the capillary end. Test tubes with B14 or C14 sockets are screwed lightly
on to the cones and the whole bank is rotated through approximately 180° until the
test tubes hang vertically downwards. The solvent drains into the test tubes and the
ridge near the C14 cone retains any lower phase present. Care is taken not to rotate
the bank of tubes too far; otherwise some of the remaining lower phase also drains
into the test tubes. When collection of both upper and lower phases is required, the
lower phase is collected into tubes placed under the capillary outlets, and the upper
phase is then collected by the above procedure. Alternatively, the upper phase is
tipped off through the C14 cone into test tubes through right-angle bends equipped
with a B14 cone and a B14 socket, and the lower phase is then collected by the above
procedure.

Reagents. The diethyl ether used was technical solvent grade, redistilled. Petroleum
ether (b.p. 40-60°) was analytical grade, redistilled. Carbonate solution of pH 10-5
prepared was by dissolving 21 g. sodium hydroxide and 70 g. sodium bicarbonate in
1 1. distilled water.

Kober reagents were prepared by dissolving, with warming, 2 g. quinol (British
Drug Houses 'Spot-test') in 100 ml. of 70% (v/v) or 66% (v/v) sulphuric acid
(B.D.H., A.R.) in distilled water. They are colourless and were stored in the dark.

Ittrich reagent was prepared by dissolving 2 g. p-nitrophenol in 1 ml. ethanol
with warming and adding 100 ml. sym-tetrachloroethane. Both were B.D.H. technical
reagent grade. The reagent was stored at 4° and is light yellow in colour.

Standard oestriol solutions contained 10 /tg./ml. in ethanol for colorimetry and
1 //g./ml. or 0-01 //g./'ml. for fluorimetry. They were stored in the refrigerator.

METHOD

Selection of urine volumes
(а) Pregnancy urine after 16 weeks. Depending on the period of gestation and

expected oestriol content, 1/500, 1/1000, 1/2000 or 1/4000 of the 24-hr. urine volume
is pipetted into a 6xf inch test tube graduated at 6 ml.

(б) Non-pregnancy urine or urine before 20 weeks of pregnancy. 1/2000-1/10,000
of the 24-hr. urine volume is pipetted into the test tube.

Hydrolysis and extraction
The urine is diluted to 6 ml. with water, conc. hydrochloric acid (0-9 ml.) is added,

the whole is mixed, an alundum granule is added and the tubes are placed in a tray
of water and heated in the steam sterilizer for 15 min. at 120° (15 pound pressure).
Care is taken to release the pressure slowly. The hydrolysed urine is cooled and
transferred to the extractor. Twelve samples are processed at one time. Sodium
chloride (approx. 1 g.) is added to improve the extraction of oestriol and the tubes
are rocked until it has dissolved. The urine is then extracted with ether (6 ml.) and
the lower urine layer is discarded. The acidic fraction is removed by extracting
the ether layer with 2 ml. carbonate solution, which is discarded. Light petroleum
(6 ml.) is added to improve the extraction of oestrone and the ether:light petroleum
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mixture is extracted with 6 ml. N-sodium hydroxide. The upper layer containing the
neutral fraction is discarded. Sodium bicarbonate (approx. 0-8 g.) is added to the
alkali extract and shaken until solution is complete. The oestrogens are extracted
with ether (6 ml.) and the carbonate layer is discarded. The ether extract is transferred
to a test tube with a B14 or C14 cone, an alundum granule is added, and the
ether is evaporated rapidly and carefully in a boiling-water bath in a fume cupboard.
Complete dryness is essential and is achieved by applying suction from an efficient
water-pump to the hot tube as soon as the ether has evaporated, releasing the suction,
and applying it again. Contamination of the extract with a trace of bicarbonate is not
detrimental. For fluorimetry a standard containing 0-1 fig. oestriol in ethanol (0-1 ml.)
is evaporated in the same manner.

Colorimetry
Kober reagent (3 ml.), prepared from 70% (v/v) sulphuric acid, is added to the

dry residue, followed by approx. 4 mg. of powdered quinol. The tubes are heated with
shaking in a boiling-water bath until the quinol has dissolved. The tubes are stoppered
and the colour is developed by heating at 120° for 5 min., cooling, adding water
(0-75 ml.), and heating again at 120° for another 5 min. (Brown et al. 1968). In the
absence of facilities for heating at 120° the colour may be developed at 100° as
described by Brown (1955) or Nocke (1961). After cooling, the extinctions are
measured at 480, 518 and 556 my and the corrected extinction at 518 my obtained
by Allen's (1950) formula: Eco„518 = 2A518 — (Fim + A55G). The oestriol content is
calculated by reference to a standard curve.

Fluorimetry
Kober reagent (TO ml.), prepared from 66 % (v/v) sulphuric acid, is added to the

dry residue, followed by about 1 mg. powdered quinol. The tubes are heated with
shaking in a boiling-water bath until the quinol has dissolved. The tubes are
stoppered and heated at 120° for 10 min. and then cooled in ice water. Ittrich reagent
(0-75 ml.) is dispensed into special fluorimeter tubes (Brown et al. 1968) using a
safety pipette in a fume cupboard and the fluorimeter tubes are cooled below 0°.
Ice water (1-5 ml.) is added to the Kober tubes, the contents are mixed and the tubes
are again immersed in ice for several minutes. The diluted Kober solution is poured
into the corresponding fluorimeter tube containing the Ittrich reagent and the
fluorescence is extracted by shaking vigorously 100 times. The tubes are then
centrifuged at 2000 rev./min. for 3 min. at — 5°. The fluorimeter tubes are allowed to
stand briefly at room temperature until misting of their lower optical sections no
longer persists; they are carefully wiped and fluorimetry is performed immediately
at the following wavelength combinations, using an Aminco-Bowman 4-8202 Spectro-
photofluorimeter equipped with the mercury-xenon lamp as described by Brown et al.
(1968): (A) excitation wavelength 546 m/t and emission wavelength 565 my; (B)
excitation wavelength 490 m/t and emission wavelength 520 my. The steps including
dilution with water to measurement of fluorescence should be completed in less than
20-25 min. Fluorescence due to oestrogen is calculated by the formula:

Corrected fluorescence = F546/565 — 2 x F490/520.
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Oestrogen content is calculated by direct comparison with the corrected fluorescence
reading of the oestriol standard.

Evaluation of the methods
The methods were evaluated as outlined by Brown, Bulbrook & Greenwood (1957 a).

Recovery experiments were performed by adding the pure oestrogen standards in

Table 1. Evaluation of colorimetric method
Recovery experiments

No. of

Oestrogen Concentration measure¬ Measured % recovery
added (mg./24hr. urine) ments as: (mean + s.D.)

Oestriol 10-0 22 Oestriol 75-8 + 2-6
2-5 13 Oestriol 75-2 ±2-6

Oestrone 5-0 7 Oestrone 72-0 + 3-7
5-0 14 Oestriol 79-4 + 3-4

Oestradiol 5-0 7 Oestradiol 71-5±2-8
5-0 10 Oestriol 53-7 + 2-0

Precision
Oestriol concentration

(mg./24-hr. urine) Estimate's' of
,

—*
, No. of standard deviation

Range mean ± s.D. duplicates (% of mean)

10-100 4-7 ±2-6 65 5-6
10-0-40-0 19-9 ± 7-5 73 3-9

Table 2. Evaluation of fluorimetric method
Recovery experiments

Before or No. of

Oestrogen added after measure¬ Measured % recovery
(m-) hydrolysis ments as: (mean + s.D.)

Oestriol, 0-1 After 48 Oestriol 82-6 + 3-7

Oestriol, 0-001 After 15 Oestriol 81-3 + 9-6
Oestriol, 0-1 Before 16 Oestriol 75-2 ±4-2
Oestriol, 0-001 Before 2 Oestriol 82-0

Oestrone, 0-1 After 12 Oestrone 72-0 ± 5-3
Oestrone, 0-001 After 4 Oestrone 74-3 + 3-9
Oestrone, 0-1 Before 4 Oestrone 72-9 + 3-6
Oestrone, 0-1 After 11 Oestriol 91-1 + 5-8

Oestradiol, 0-1 After 12 Oestradiol 81-9 + 6-5
Oestradiol, 0-001 After 4 Oestradiol 77-8 + 3-5
Oestradiol, 0-1 Before 4 Oestradiol 77-7 + 3-6
Oestradiol, 0-1 After 11 Oestriol 58-7 + 4-1

Precision

Oestrogen concentration
(Z^g./24-hr. urine) Estimate 's' of

,
A No. of standard deviation

Range Mean + s.D. duplicatesi (% of mean)
1-10 5-3 ±2-5 21 6-25

10-100 28-5 + 23-5 19 4-26
100-600 270+ 135 20 1-09

Combined 1-600 60 3-14
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ethanol (0-05 ml.) to the partition tubes before adding the hydrolysed urine or to the
test tubes before hydrolysis. The recovery experiments were designed to test (a) the
accuracy of the partition procedure using the semi-automatic extractor, by measuring
the recoveries of the three oestrogens compared with the corresponding standards;
(b) the contributions of the three oestrogens when measured against an oestriol
standard; and (c) the losses occurring during acid hydrolysis. Precision was calculated
from duplicate measurements by the method of Snedecor (1952).

Oestriol (mg./24 hr.) specific method

Text-fig. 2. Correlation between results for pregnancy urines obtained by the colorimetric
method (y) and the values for oestriol (x) obtained by the method of Brown & Coyle (1963).
Regression line y = TOO#; correlation coefficient r = 0-982 (n = 221).

For pregnancy urines the method for comparison was that of Brown & Coyle (1963),
which employs methylation and alumina chromatography and measures oestriol only.
For non-pregnancy urines, the method was that of Brown (1955) (method A) or of
Brown, Bulbrook & Greenwood (1957 b) (method B); these methods measure oestriol,
oestrone and oestradiol and the comparisons were against the sum of these three
oestrogens. Each value for comparison was the result of a single measurement.

Normal values. Measurements were performed on urine from non-pregnant subjects
who were normally active. The postmenopausal women were all at least 5 yr. past
the menopause. Values for three points of the ovulatory cycle, the minimum reached,
the ovulatory peak and the luteal maximum were obtained from serial measurements
performed throughout the menstrual cycles of 13 individuals; the occurrence of
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ovulation was confirmed by serial pregnanediol analyses. Values reported for similar
groups of subjects using established assay methods are included for comparison. The
values found during pregnancy have been reported elsewhere (MacLeod, Brown,
Beischer & Smith, 1967).

RESULTS

Tables 1 and 2 show the recovery and precision figures for the methods, and
Text-figs. 2 and 3 show the correlation of results with those obtained on the same
urine specimens by the established methods. The methods were also compared in

Sum of oestriol, oestrone and oestradiol («g./24 hr.)

Text-fig. 3. Correlation between results by the fluorimetric method (y) and the sum of
oestriol, oestrone and oestradiol (x) measured by the method of Brown (1955) or Brown et al.
(19576). Regression line y = l-25x —2-5; correlation coefficient r = 0-924 (n = 292).

terms of the mean ratio and standard deviation of the results, 'short' method:
established method. Results by the two short methods were further compared with
each other using urines collected from subjects 16 to 20 weeks pregnant; the mean
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ratio + s.D. of the results (fluorimetry: colorimetry) was 0-95 + 0-21 (n = 24), showing
that the two methods gave essentially the same results.

Sample calculations from four urines are shown in Table 3 to illustrate the order of
fluorescence readings involved.

The values obtained for normal non-pregnant subjects (Table 4) agreed well with
the reported values, the relationship being the same as that found by direct
comparisons.

Table 3. Typical results with urine
(illustrating the spectrophotofluorimetric correction)

Meter readings x attenuationFraction of
24-hr. urineUrine

no.

Oestriol standard

1 1/2000
1/2000
1/2000
1/7000

Oestriol
A

—, Oestriol (/tg./24-hr.
-^546/565 -^490/520 COIT 546/565 (ng.) urine)

3300 10 3280 100 —

82 33 16 0-5 1-0
228 46 136 4-1 8-2

1320 47 1226 37 74

2800 23 2754 84 588

Table 4. Comparison of values obtained by fluorimetric method
with values from established method

Oestrogen excretion (/tg./24 hr.)

Subjects studied
Men (age range 22-47 yr.)

Postmenopausal women
(age range 52-86 yr.)

Premenopausal women
(age range 19-49 yr.):
Minimum value (post-
menstrual

Ovulatory peak

Luteal phase maximum

Range
Mean + s.D.

Range
Mean + s.D.

Range
Mean

Range
Mean

Range
Mean

Fluorimetrie method Established method Mean ratio

1-308-4-23-0
14-5 + 3-9 (20)

1-6-15-7
6-7 + 3-5 (18)

7-23
13-1 (13)
45-93
63-3 (13)
22-104
46-2 (13)

7-2-19-6*
11-1 + 3-1 (24)

2-4—14-4f
7-3 + 3-1 (66)

4-19J
11-2 (16)
35-100
57-5 (16)
15-87
32-4 (16)

* Ginsburg & Brown (1961). f J. B. Brown, unpublished results.
J Brown, Kellar & Matthew (1959).

Number of individuals studied in parentheses.

0-92

1-17

1-10

1-42

DISCUSSION

The urinary oestrogens measured by the methods described above are oestriol
and oestrone, together with the minor Kober-chromogenic and alkali-stable oestro¬
gens, including oestradiol. The contribution of the 2-hydroxy and 2-methoxy
oestrogens is negligible because of the conditions and corrections employed. The
main criticism of methods which measure mixtures of oestrogens is that proof of
specificity is difficult. The problem could be simplified by using conditions which
measure oestriol or oestrone alone. However, either may be the predominant urinary
oestrogen and both are equally important in the assessment of oestrogen production.
Under the conditions described—which are optimal for oestriol—the contribution of
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oestrone is approximately equivalent to that of oestriol (Tables 1 and 2). The
recoveries of oestriol, oestrone and oestradiol by the extraction procedure averaged
82-72 %. The losses during acid hydrolysis were less than 9 %. This would be expected
from the observations of Brown & Blair (1958) that destruction during acid hydrolysis
was minimized by diluting the urine five times or more with water.

In the present methods, measurements were performed on relatively crude phenolic
fractions from urine and considerable reliance is placed on the group specificity of the
Kober colour and Ittrich fluorescence reactions and on the validity of the correction
formulae applied. Evaluation of the results in terms of those obtained by established
specific procedures was therefore particularly important. The comparisons were per¬
formed under conditions likely to be encountered when monitoring placental,
ovarian or testicular function. For specimens of urine collected during the second
and third trimesters of pregnancy, the mean ratios + s.d. of the results obtained by
the colorimetric method compared with those obtained by a method specific for
oestriol were 1-49 + 0-22 in the range 100-1000 /tg./24-hr. urine (29 comparisons),
1-07 + 0-18 in the range 1-10 mg. (96 comparisons), and 1-01 ±0-13 in the range
10-40 mg. (125 comparisons). Thus, above 1 mg./24 hr., the values obtained by
the two procedures were practically the same. Furthermore, the values obtained
after 20 weeks of normal pregnancy agreed well with those reported for more specific
procedures (MacLeod et at. 1967). At levels below 1 mg./24 hr., the relative contribu¬
tion of the other oestrogens increased and the short method then gave appre¬
ciably higher values. At these levels, it was necessary to use 6 ml. undiluted urine to
obtain satisfactory extinctions in the Kober colour reaction, and this led to unaccept¬
able levels of background colours. Therefore, fluorimetry is the method of choice
when measuring less than 1 mg./24 hr. In the case of diabetic patients, glucose
may cause destruction of oestrogens during acid hydrolysis unless the urine has been
diluted five times or more with water; these dilutions can be maintained by using
fluorimetry for levels above 1 mg./24 hr.

The results from non-pregnancy urines were compared with values for oestriol,
oestrone and oestradiol obtained by the method of Brown (1955) or of Brown et at.
(1957b). In women the mean ratio + s.d. of the results was 0-72 + 0-35 in the range
0-5 jug./24-hr. urine (29 comparisons), 0-99 ± 0-29 in the range 5-12 jug. (39 com¬
parisons) and 1-22 + 0-31 in the range 12-100 jug. (190 comparisons). In men, the
mean ratio was 1-11 + 0-27 in the range 9-39 jug. (34 comparisons). There was thus
a decreasing ratio with decreasing oestrogen levels; this is explained by the findings
of Brown & Blair (1960) and of Salokangas & Bulbrook (1961) that methods A and B
give average overestimates of 1 //g./24-hr. urine for each of the three oestrogens
measured (Text-fig. 3). In over 5000 urinary measurements by fluorimetry, only ten
negative values have been encountered, the most negative being equivalent to
— 0-25 jug. oestriol/24-hr. urine. The average amount of impurity eliminated by the
spectrophotofluorimetric correction was equivalent to 6 jig. oestriol/24-hr. urine.
The formula: y = l-25x-2-5 provides the best estimate of the relationship between
the values obtained by the fluorimetric (y) and the established (x) methods. The
ratio 1-25 is the result of a multiplicity of factors, including recoveries during
hydrolysis and extraction, and the contribution of other oestrogens not measured
by methods A and B. The ratio tended to be characteristic of an individual and was
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approximately constant for that individual over a range of oestrogen concentrations.
This formula also applied when results for groups of normal individuals were com¬
pared (Table 4).

Certain drugs, laxatives and synthetic oestrogens and progestogens interfere in
methods A and B, although usually only the measurement of oestradiol is affected.
No drug has been encountered which interferes in the new fluorimetric method. The
colorimetric method has proved to be reliable in the presence of the medication
commonly administered during antenatal hospitalization, such as hypotensive agents
and large doses of sedatives. However, two instances of interference have been
encountered. Laxatives containing 1:8 dihydroxyanthraquinone (Danthron and
Doxidan) give rise to urinary products which produce bright yellow extracts and
interfere in the Kober colour reaction, particularly when they are present in high
concentration. The antiseptic methenamine mandelate (Mandelamine), which is used
to treat urinary tract infections, causes almost complete destruction of oestrogens
during acid hydrolysis by liberation of formaldehyde (Mackay, Macafee & Anderson,
1967). Therefore, when interpreting abnormal or unexpected results, it is still neces¬

sary to consider the drugs given to the patient.
The present methods have been in use for over 2 yr. and the experience amounts

to over 5000 measurements by fluorimetry and over 7000 measurements by colori-
metry. The methods have proved to be exceptionally robust; their simplicity and the
batchwise processing on the semi-automatic extractor minimize technical errors.
Twelve measurements can be completed with ease by one worker in 3| hr. or 24-36
in a working day. The semi-automatic extractor has wider applications and is being
used for the rapid extraction of pregnanediol before measurement by gas liquid
chromatography. Applications of the methods to problems in obstetrics and gynae¬
cology have already been reported (MacLeod et al. 1967; Beischer, Brown, MacLeod &
Smith, 1967; Townsend, Brown, Johnstone, Adey, Evans & Taft, 1966).
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were used in this project. We thank Miss P. Fisher, Miss P. Goode and Miss S.
Turner for their skilled technical assistance.

The work was supported by a grant from the National Health and Medical Research
Council of Australia.

REFERENCES

Allen, W. M. (1950). A simple method for analyzing complicated absorption curves of use in the colori¬
metric determination of urinary steroids. J. clin. Endocr. Metab. 10, 71—83.

Beischer, N. A., Brown, J. B., MacLeod, S. C. & Smith, M. A. (1967). The value of urinary oestriol estima¬
tion in patients with antepartum vaginal bleeding. J. Obstet. Gynaec. Br. Commonw. 74, 51—59.

Brown, J. B. (1955). A chemical method for the determination of oestriol, oestrone and oestradiol in
human urine. Biochem. J. 60, 185—193.

Brown, J. B. & Blair, H. A. F. (1958). The hydrolysis of conjugated oestrone, oestradiol-17/? and oestriol
in human urine. J. Endocr. 17, 411-424.

Brown, J. B. & Blair, H. A. F. (1960). A method for the determination of very small amounts of oestrone
in human urine. J. Endocr. 20, 331—338.

Brown, J. B., Bulbrook, It. D. & Greenwood, F. C. (1957a). An evaluation of a chemical method for the
estimation of oestriol, oestrone and oestradiol-17/? in human urine. J. Endocr. 16, 41-48.

Brown, J. B., Bulbrook, It. D. & Greenwood, F. C. (19576). An additional purification step for a method
for estimating oestriol, oestrone and oestradiol-17/? in human urine. J. Endocr. 16, 49-56.



.Journal of Endocrinology, Vol. 42, No. 1
Plate

J. B. BROWN AND OTHERS



Estimation of oestrogens 15

Brown, J. B. & Coyle, M. G. (1963). Urinary excretion of oestriol during pregnancy. I. A shortened pro¬
cedure. J. Obstet. Gynaec. Br. Commonw. 70, 219-224.

Brown, J. B., Kellar, R. & Matthew, G. D. (1959). Preliminary observations on urinary oestrogen excre¬
tion in certain gynaecological disorders. J. Obstet. Gynaec. Br. Empire 66, 177-211.

Brown, J. B., Macnaughtan, C., Smith, M. A. & Smyth, B. (1968). Further observations on the Kober
colour and Ittrich fluorescence reactions in the measurement of oestriol, oestrone and oestradiol.
J. Endocr. 40, 175-188.

Eechaute, W. & Demeester, G. (1965). Fluorimetric determination of total estrogen after gel filtration of
enzymatically hydrolysed urine. J. clin. Endocr. Metab. 25, 480-490.

Ginsburg, J. & Brown, J. B. (1961). Increased oestrogen excretion in hypertrophic pulmonary osteo¬
arthropathy. Lancet ii, 1274—1276.

Mackay, E. V., Macafee, C. A. J. & Anderson, C. (1967). Depression of urinary oestrogen values during
methenamine mandelate administration. Aust. N.Z. J. Obstet. Gynaec. 7, 94—96.

MacLeod, S. C., Brown, J. B., Beischer, N. A. & Smith, M. A. (1967). The value of urinary oestriol
measurements during pregnancy. Aust. N.Z. J. Obstet. Gynaec. 7, 25-38.

Nocke, W. (1961). A study of the colorimetric estimation of oestradiol-17/?, oestradiol-17a, oestrone,
oestriol, and 16-epioestriol in the Kober reaction. Biochem. J. 78, 593-602.

Salokangas, R. A. A. & Bulbrook, R. D. (1961). The determination of small quantities of urinary oestrone,
oestradiol-17/? and oestriol using Ittrich's extraction method. J. Endocr. 22, 47-58.

Scholler, R., Leymarie, P., Heron, M. & Jayle, M. F. (1966). A study of estrogen fluorescence using
Ittrich's procedure. Acta endocr., Copenh. 52, suppl. 107.

Snedecor, G. W. (1952). Biometrics 8, 85. (Query no. 92.)
Stoa, K. F. & Thorsen, T. (1962). Fluorimetric determination of oestrogenic steroids using Ittrich's

extraction method. Acta endocr., Copenh. 41, 481-493.
Strickler, H. S., Holt, S. S., Acevedo, H. F., Saier, E. & Grauer, R. C. (1967). The determination of

urinary estrogens in pregnancy using an automated fluorometric assay. Steroids 9, 193—216.
Townsend, S. L., Brown, J. B., Johnstone, J. W., Adey, F. D., Evans, J. H. & Taft, H. P. (1966). Induc¬

tion of ovulation. J. Obstet. Gynaec. Br. Commonw. 73, 529-543.

DESCRIPTION OF PLATE

The semi-automatic extractor, showing the bank of partition tubes, the rocking mechanism and the tray
for flushing away discarded solvents. (Position for discarding upper phase.)
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SUMMARY

Ovarian vein blood was collected by cannulating the ovarian vein of 37
ewes at various times during the oestrous cycle. Plasma progesterone and
oestrogen concentrations, determined by chemical methods, showed
marked cyclic variations during the cycle. Progesterone was detected at all
stages of the cycle. Plasma concentrations were rising rapidly by the 4th
day after the onset of oestrus and were maintained at levels greater than
100 fig.1100 ml. plasma from the 8th to the 14th day of the cycle. They
started to fall about 48 hr. before the onset of oestrus. Very low levels, of
the order of 1 //g./100 ml. plasma, were maintained from 24 hr. before to
8-16 hr. after the onset of oestrus.

Oestradiol-17/? made up almost all of the oestrogens measured. Oestrone
accounted for less than one-eighth of the total oestrogens. Oestradiol first
appeared on the 14th day of the cycle and its concentration rose rapidly
during the immediate pre-oestrous period to reach peak levels of over
100 ng./lOO ml. plasma 20-30 hr. before the onset of oestrus. They then
rapidly declined and by 24 hr. after the onset had reached almost non-
detectable levels.

The ovarian secretion rate of progesterone was calculated to be 3-5 mg./
day at mid-cycle and the total secretion of oestradiol during the follicular
phase was 4-9 /ig. Blood flow through the cannula was not affected by either
the stage of cycle at which blood was collected or by the structure (corpus
luteum or Graafian follicle) in the ovary bled.

INTRODUCTION

Edgar & Ronaldson (1958), using paper chromatography and u.v. spectroscopy,
have demonstrated a cyclic appearance of progesterone in ovarian vein blood of the
ewe during the oestrous cycle. They were unable to detect any progesterone until
the 3rd day after oestrus. Thereafter progesterone levels rose rapidly, reaching a
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peak of about 2 pg./ml. blood on the 7th day after oestrus. This level was maintained
until a rapid decline was observed about one day before the next expected oestrus.
Short & Moore (1959), using more sensitive assay methods, detected appreciable
amounts of progesterone in the peripheral blood of ewes from the 4th to 12th day of
the cycle. More recently, Short, McDonald & Rowson (1963) demonstrated the cyclic
appearance of progesterone in ovarian vein blood of the ewe. In addition they
found, rather surprisingly, no difference in the oestradiol-17/? and oestrone contents
of ovarian vein blood collected during the follicular phase (day of oestrus) and the
luteal phase of the cycle (9th and 15th days after oestrus).

In the present study an effort was made to define more fully oestrogen and pro¬
gesterone secretion by the ovine ovary, particularly during the immediate pre- and
post-oestrous periods of the oestrous cycle. During the study, assay procedures were
developed in order that the low concentrations of steroids expected at various phases
of the cycle could be measured with accuracy.

MATERIALS AND METHODS

Experimental animals
Thirty-seven mature Merino ewes (4 yr. old), with regular oestrous cycles, were run

with vasectomized rams and were kept under constant surveillance during the
daylight hours. Ovarian vein blood was collected at various times before, during and
after oestrus (Tables 1, 2). The onset of oestrus was considered to be the time at
which the ewe first allowed the ram to mount and to complete service. In ewes bled
during and after oestrus, with the exception of animals bled 14 days after oestrus,
blood was collected only from the ovary containing an apparently active structure
(corpus luteum or Graafian follicle). In animals bled 14 days after oestrus, as in those
bled immediately before oestrus, blood was collected simultaneously from both
ovaries. The date of the preceding oestrus of ewes bled immediately before oestrus
was known and blood was collected from these ewes 0-2 days before the expected time
of the next oestrus, i.e. 14-16 days after the preceding oestrus.

Collection procedures
The reproductive tract was exposed by mid-ventral laparotomy carried out while

the animals were under general anaesthesia induced and maintained with sodium
pentobarbitone (Nembutal). The ovarian vein was exposed by careful dissection and
a polythene cannula of 1-2 mm. internal diameter and 0-4 mm. wall thickness was
passed into the vein and ligatured into position. Immediately before cannulation
10,000-12,000 i.u. heparin in 0-9 % NaCl solution was injected into the jugular vein.
In the few cases in which more than one vein drained the ovary, only the largest
was cannulated and no attempt was made to restrict blood flow in the non-cannulated
veins. The non-cannulated veins were usually small and the blood flow in them was

probably insignificant in relation to that in the larger cannulated vein.
The volumes of blood collected during successive 10 min. intervals from the time

of cannulation were recorded and an attempt was made to collect at least 50 ml.
from each ovary. This was usually achieved within 30 min. and in no case was the
cannula left in position for more than 40 min. At the end of the collecting period the
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cannula was removed and the vein ligatured. Immediately after collection the blood
was centrifuged for 20 min. at 1500 rev./min. and the resulting plasma was aspirated
off and stored at —20°. Ewes bled before oestrus were returned to vasectomized
rams after they had recovered from anaesthesia (generally within 2-3 hr. of bleeding).

Chemical procedures
Materials and apparatus. [6,7-3H]Oestradiol (29-4 c/m-mole), [6,7-3H]oestrone

(6-88 c/m-mole) and [7a-3H/progesterone (255 mc/m-mole) were purchased from the
Radiochemical Centre, Amersham. Their radiochemical purity was accepted on the
basis that recovery of counts through the method was the same as that of the pure un¬
labeled steroids. Radioactivity was measured in a Nuclear-Chicago Unilux liquid
scintillation counter and fluorescence was measured in an Aminco-Bowman Spectro-
photofluorimeter under the conditions described by Brown, Macnaughtan, Smith &
Smyth (1968). Gas-liquid chromatography was carried out in a Perkin-Elmer 811
Gas Chromatograph with flame ionization detection using the solid injection system
of Menini & Norymberski (1965). Reagents and solvents were as described by Brown
(1955) and Brown et al. (1968). Chloroform was redistilled on the day of use.

Method. Labelled oestradiol, oestrone and progesterone (approx. 6000 counts/min.
of each hormone) in ethanol (0-2 ml.) were added to plasma (20 ml.). The plasma was
mixed thoroughly with absolute methanol (50 ml.) and allowed to stand at —10°
for 40 min. The resulting precipitate was removed by centrifugation and was then
extracted once more with 70 % aqueous methanol (40 ml.). The combined methanolic
solutions were evaporated to dryness at 40° in a rotary evaporator. The residue was
taken up in 1 N-NaOH (12 ml.), NaHC03 (1-6 g.) was added and the solution was
extracted with toluene (15 ml.). The aqueous layer was tested for oestrogen sulphates
and other conjugates by solvolysis after acidification and extraction with ethyl
acetate and by acid hydrolysis. The toluene extract was diluted with light petroleum
(15 ml.) and then extracted twice with 10 ml. 0-4 n-NaOH. The alkali extract was
methylated and subjected to chromatography on alumina columns (1 g.) asdescribedby
Brown (1955). Oestrone and oestradiol were eluted fractionally, 10 % of each fraction
being taken for counting and the remainder evaporated and subjected to fluorimetry
as described by Brown et al. (1968). The oestrogen content of the original plasma was
calculated from the specific activity (counts/fluorimetry) of the eluates. A result was
not considered to be valid unless (a) the corrected fluorescence reading was at least two
standard deviations greater than the reagent blank, i.e. greater than the equivalent
of 0-05 ng. oestrone or oestradiol, (b) the pattern of elution was the same for fluores¬
cence and for radioactivity, and (c) values calculated from at least two eluates agreed
to within 25 %. On this basis, the majority of results below 4 ng./lOO ml. plasma were
invalid, whereas all the results above this value were valid (Tables 1, 2). This level
is therefore taken as the lowest limit of reliability of the method for ewe plasma.
Recovery of counts in the two oestrogen fractions was 59 + 11 (s.d.) %.

The toluene and light-petroleum extract (neutral fraction) from the above process
was evaporated to dryness. The residue was dissolved in chloroform (0-2 ml.), light
petroleum (20 ml.) was added and the solution was chromatographed on a column
of alumina (2 g.) deactivated with approx. 5 % (v/w) water. The column was eluted,
first with 20 ml. benzene: light petroleum (60:40, v/v) which was discarded, and then
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with 10 % ethanol in benzene (10 ml.) which was collected and evaporated to dryness.
Contaminants containing hydroxyl groups (mainly cholesterol) were acetylated by
heating at 100° with pyridine (0-2 ml.) and acetic anhydride (0-5 ml.) for 1 hr. The
reagents were evaporated by heating at 100° under reduced pressure and chromato¬
graphy on alumina was repeated. A portion (10%) of the eluate containing the
progesterone was taken for counting; another portion containing no more than
0-5 yg. progesterone was evaporated to dryness. The residue was dissolved in
chloroform (0-2 ml.) containing pregnanediol diacetate (0-5 ju,g.) and 0-1 ml. was
evaporated on a wire spiral and subjected to gas-liquid chromatography at 220° on
a 6 ft. column of 3 % SE-30 on Gas Chrome Q.

Progesterone values were calculated by the method of peak height ratios against
the pregnanediol diacetate. Recovery of counts up to gas-liquid chromatography was

Table 1. Concentration of progesterone and oestrogens in ovarian vein
blood of the cyclic ewe: ewes bled during and after oestrus

Structure in Concentration of
ovary bled , *

Time after ,
«

, Progesterone Oestradiol
Ewe onset of Corpora (fig./100 ml. (ng./lOO ml.
no. oestrus lutea* Folliclest plasma) plasma) t

52 0 hr. 1R 1 L 10 28

207 0 hr. — 1 L 0-8 186

56 0 hr. — 1 L 0-8 63

42 8 hr. 1 R 1L 3-3 19

43 8 hr. — I L 1.0 100

48 8 hr. — 1 L 2-0 8

53 16 hr. 1 R 1 L 1-9 5

28 16 hr. — 1 L 0-9 < 4
201 16 hr. 1 R 1 L 11 14

43 24 hr. — 1 L 0-9 < 4
52 24 hr. 1 — 11 < 4

244 24 hr. 1 — 11 < 4

54 48 hr. 1 — 3-4 < 4
258 48 hr. 1 — No value < 4

34 4 days 1 — 62 < 4
55 4 days 1 — 20 4

37 8 days 1 — 125 4

46 8 days 1 — 140 6

47 8 days 1 — No value < 4

30 12 days 1 — 144 < 4

32 12 days 1 — 142 < 4
31 12 days 1 — 194 < 4

130 14 days 1 2 S Left 83 8
1 1 S Right 89 7

146 14 days — 1 S Left 0 < 4
1 1 M Right 156 28

140 14 days 1 1 S Left 198 < 4
1 1 M Right 100 10

* R = fully regressed. All others appeared active,
f L, > 8 mm. in diameter; M, 4-8 mm.; S, < 4 mm.
\ All oestrone values were less than 4 ng./lOO ml. plasma except in ewes 52 (5 ng.), 207 (5 ng.) and

42 (9 ng.).
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51 + 9 (s.d.) %. A discrete peak with the relative retention time of progesterone was
clearly discerned at levels down to 0-5 fig.1100 ml. plasma when 50 % or more of the
extract was evaporated on the spiral. A similar peak was absent from peripheral
blood of castrated males. This level was therefore taken as the limit of sensitivity
of the method for sheep plasma.

Table 2. Concentration of progesterone and oestrogen in ovarian vein
blood of the cyclic ewe: ewes bled before oestrus

Concentration of:
Structure in , A >

Time (hr.) ovary bled Oestrogens
before ,

A Progesterone (ng./lOO ml. plasma)
Ewe onset Corpora (/tg./100 ml. A

no. of oestrus lutea* Folliclesf plasma) Oestradiol Oestrone

148 48 1 P 1 M Left 47 15 <4
1 P 1 M Right 23 11 <4

132 43 — 1 L Left <0-5 115 5
1 P 2 S Right 4-7 34 <4

126 38 1 P 2 M Left 37 89 5
1 P 1 M Right — — —

128 28 2 R 1 L Left 0-5 75 <4
— 1 S Right 2-1 5 <4

808 28 — 2 M Left <0-5 104 8
2 P — Right 6-8 <4 <4

133 22 — 2 L Left <0-5 128 <4
1 R — Right — — —

810 20 — 1 S Left 0-6 <4 <4
1 P 1 M Right 1-4 102 11

823 17 2 P -— Left <0-5 <4 <4
1 L Right <0-5 172 4

805 16 1 R 1 S Left 1-0 3 <4
— 1 L Right 12 135 6

811 14 — — Left 11 5 <4
1 P 2 L Right 0-8 81 8

814 9 — 2 L Left 0-6 27 <4
1 P — Right <0-5 <4 <4

816 7 1 P 1 L Left 10 20 5
1 P 1 L Right 0-6 16 9

* P = partly regressed; R = fully regressed,
f L, > 8 mm. in diameter; M, 4—8 mm.; S, < 4 mm.

RESULTS

Progesterone and oestrogen concentrations in ovarian vein blood
Plasma concentrations of progesterone and oestradiol-17/? showed marked cyclic

variations and invariably high levels of progesterone were associated with well-
formed corpora lutea and high levels of oestradiol with finite Graafian follicles
(Tables 1, 2). The curves of plasma concentrations of progesterone and oestradiol
presented in Fig. 1 have been fitted by eye; for ewes in which both ovaries con¬
tained an active corpus luteum or Graafian follicle individual plasma concentrations
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have been plotted. All oestrogen concentrations are recorded as free oestradiol and
oestrone. No plasma sample showed significant amounts of conjugated oestrogens.

Appreciable amounts of progesterone first appeared on the 4th day after oestrus
and by the 8th day plasma levels had risen to above 100 /ig./100 ml. Plasma concen¬
trations fell rapidly during the immediate pre-oestrous period. They were maintained
at a level of the order of only 1 /ig./100 ml. from about 20 hr. before to 8 hr. after
the onset of oestrus. At no stage during the oestrous cycle was progesterone con¬
sistently undetectable. The low levels recorded about the time of oestrus were not
always associated with a regressing corpus luteum; comparable progesterone concen¬
trations were found in blood draining ovaries which contained only a follicle (e.g.
808 left, 207, 56 and 48—see Tables 1, 2).
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Fig. 1. Concentration, of oestradiol and progesterone in ovarian vein plasma of ewes during the
oestrous cycle, x x, Oestradiol (ng./lOO ml.); ® 9. progesterone (/tg./100 ml.).

Almost all the oestrogen was present as oestradiol-17/?. Oestrone accounted for less
than 10% of the total oestrogens measured. Oestrogens first appeared on day 14,
and by 40 hr. before the onset of oestrus, oestradiol levels had risen to the order of
100 ng./lOO ml. They remained at about this level until 0-8 hr. after the onset of
oestrus, after which they rapidly declined and by 24 hr. after the onset of oestrus
oestrogen concentrations had fallen to the very low or non-detectable levels observed
throughout the luteal phase of the cycle. It is interesting to note that oestradiol
levels fell dramatically at least 8 hr. before ovulation. By 16 hr. after the onset of
oestrus, oestrogen concentrations had declined but no ewe had ovulated (Table 1).
Ovulation was first observed in two out of three ewes bled 24 hr. after the onset of
oestrus.
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In ewes bled immediately before oestrus, anaesthesia and the collection procedures

appeared to have no effect on the time of onset of the subsequent oestrus. These 12
ewes had a mean length of oestrous cycle of 16-8 + 0-3 days while that of 22 control
ewes not bled was 16-8 + 0-2 days.

Rates of blood flow
The rate of blood flow through the cannula showed a marked variation between

animals (mean 3-2 + 0-2 ml./min.), but no difference could be found between flow
rates during various phases of the oestrous cycle, nor was there any difference in the
mean flow rates from ovaries containing an actively secreting corpus luteum or
follicle (3-2 + 0-3 ml./min.) and those containing no active structure (3-1 + 0-4
ml./min.).

The yield of plasma from whole blood was reasonably constant (mean yield 52-5 +
5-2 %) and was unaffected by either the stage of cycle, or by the structure within the
ovary bled.

DISCUSSION

The cyclic pattern of plasma progesterone concentrations reported in this study
fully confirm the earlier results of Edgar & Ronaldson (1958) and Short et al. (1963).
The close correlation between the progesterone content of corpora lutea and of
ovarian vein plasma reported by Stormshak, Inskeep, Lynn, Pope & Casida (1963)
and the work of Short et al. (1963) showing that the total progesterone content of the
corpus luteum of the ewe is released into the blood in 10 min. indicates that ovarian
vein plasma levels are a direct reflexion of progesterone production by the corpus
luteum. Assuming that little progesterone is associated with red cells (Short, 1958)
and using a blood-flow rate through the ovarian vein of 3-2 ml./min. and a plasma
yield of 53 %, the levels of 140 fig.1100 ml. plasma recorded during the luteal phase
of the cycle represent a daily progesterone production of the order of 3-5 mg. Invari¬
ably high progesterone levels were associated with well-formed corpora lutea. How¬
ever, during the oestrous and immediately pre-oestrous periods, low levels of the order
of 1 /tg./100 ml. plasma were recorded, and these levels were associated with regressed
corpora lutea and with follicles.

The marked cyclic pattern of appearance of oestrogens in ovarian vein blood shown
in the present study is in direct contrast with results of Short et al. (1963), who
suggested that oestrogen secretion rates were higher during the luteal phase than at
oestrus. However, their luteal blood samples were collected after the ewes had
received various gonadotrophin treatments, which may well have been responsible
for oestrogen production by the ovary, whereas oestrous blood samples were collected
from untreated ewes. Support for a cyclic pattern of oestrogen production is provided
by the work of Lindner, Sass & Morris (1964). They found appreciable quantities of
oestradiol and oestrone in ovarian vein blood of three oestrous ewes which had not

ovulated, but they were unable to detect any oestrogens in blood from three oestrous
ewes which had ovulated; nor was any oestrogen detected in a further two ewes bled
3 days after oestrus.

Oestrogen secretion was almost completely confined to the early part of the
follicular phase of the oestrous cycle. It appears that the mature follicle does not
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secrete any significant amount of oestrogens. Assuming an average oestradiol plasma
concentration of 100 ng./lOO ml. over the period 40 hr. before to 8 hr. after the onset
of oestrus, the calculated production of oestradiol during this 48 hr. period would
be 4-9 fig.

It is well established that a period of progesterone influence before that of oestrogen
is essential for the expression of oestrous behaviour in the ewe and precise time-dose
requirements of progesterone and oestrogen have been established for the induction
of behavioural oestrus in the ovariectomized ewe (Robinson, 1959). Robinson,
Moore & Binet (1956) showed that the minimum effective daily intramuscular dose
of progesterone required in the ovariectomized ewe was 6 mg., while Robinson &
Brander (1962) found that the median effective dose of oestradiol for the induction
of oestrous behaviour when given as a single intramuscular injection 2 days after a
progesterone priming period was 7 fig. These figures and time relationships are in
close agreement with the calculated daily progesterone production and total oestra¬
diol production described above. Oestrone production is probably relatively unimpor¬
tant, particularly since in the ovariectomized ewe oestrone is less than one-eighth
as active as oestradiol (Robinson & Reardon, 1961).

This study was supported by grants from the National Health and Medical
Research Council and from the Australian Research Grants Committee.
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SUMMARY

16a-Hydroxyoestrone was administered by intramuscular injection in propylene glycol solution
to a normal man and to a postmenopausal woman. In the two experiments 44 and 33 %
respectively of the administered substance was subsequently excreted in the urine as oestriol.
No evidence indicative of the metabolic conversion of 16a-hydroxyoestrone to oestrone or
oestradiol-17/3 was obtained.

The recent isolation of 16a-hydroxyoestrone from the urine of pregnant women by
Marrian, Watson & Panattoni [1957] and Marrian, Loke, Watson & Panattoni [1957]
led these authors to suggest that this compound and its 16/3-epimer might be the
metabolic intermediates in the 'hydration' of oestrone to oestriol and 16-e/hoestriol
[Marrian & Bauld, 1955] respectively. When this scheme (see Fig. 1) was advanced
it was entirely hypothetical, since, although it was known that oestrone undergoes
metabolic transformation into oestriol in man [Pearlman & Pincus, 1943] the corre¬

sponding transformation of oestrone into 16-epioestriol had not been demonstrated,
while none of the four postulated individual reactions had been studied, and one of
the hypothetical intermediates, 16/3-hydroxyoestrone, had not been shown to occur
naturally.

This scheme is still largely a hypothetical one, but the availability of a specific
chemical method for the quantitative determination of oestriol in urine [Brown, 1955]
and of adequate amounts of synthetic 16a-hydroxyoestrone [Marrian, Loke, Watson
& Panattoni, 1957] has enabled the present authors to study one of the postulated
individual reactions experimentally. In this paper evidence is presented which shows
conclusively that 16a-hydroxyoestrone can indeed be reduced to oestriol in human
subjects.

EXPERIMENTAL METHODS

16a-Hydroxyoestrone diacetate, prepared by the method of Leeds, Fukushima &
Gallagher [1954] was hydrolysed as described by Marrian, Loke, Watson & Panattoni
[1957], The product had [a]D +178° (ethanol) after crystallizing three times from
methanol.

16a-Hydroxyoestrone (1-986 mg), prepared as described above, was dissolved in
propylene glycol (1-0 ml.) and the solution sterilized by heating at 100° C for 30 min
on each of 3 consecutive days. Portions (0-4 ml.) of this solution were administered
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by intramuscular injection to a healthy man aged 37 years, and to a postmenopausal
woman aged 65 years. Complete daily collections of urine were made during control

Fig. 1. Hypothetical scheme for the metabolic 'hydration' of oestrone to oestriol and 16-epioestriol.

8 9 10 11 12

Fig. 2. Urinary excretion of oestriol, oestrone and oestradiol-17/3 following the administration of 800 fig
doses of 16a-hydroxyoestrone to human subjects by intramuscular injection. A, normal man;
B, postmenopausal woman. I, oestriol; II, oestrone; III, oestradiol-17/3. 1 , injection.

urinary oestrogen levels had returned to the control levels. Each 24 hr urine specimen
was diluted to 2000 ml. with water, and the amounts of oestriol, oestrone and
oestradiol-17/3 present determined by the method of Brown [1955] as modified by
Brown, Bulbrook & Greenwood [1957],
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A third portion (0-15 ml.) of the solution of 16 a-hydroxyoestrone was added to
a portion of one of the control urine specimens, and determinations of oestriol,
oestrone and oestradiol-17 /3 were carried out by the same procedure. The amounts of the
three oestrogens found were the same as those found in the same control urine without
added 16 a-hydroxyoestrone. This experiment excluded the possibility that any
unmetabolized 16a-hydroxyoestrone present in the urine after the injection might
interfere with the determination of oestriol, oestrone or oestradiol-17/1, and the more
remote possibility of artifactual formation of oestriol, oestrone or oestradiol-17/3 from
16a-hydroxyoestrone during the preparation of the propylene glycol solution of the
latter.

In order to estimate the probable losses of oestrogens during the whole assay
procedure, recovery experiments were carried out in which known amounts of
oestriol, oestrone and oestradiol-17/3 were added to portions of control urines from
both of the experimental subjects.

RESULTS

The results are summarized in Eig. 2. It will be seen that while there was no rise in
the excretion of oestrone and oestradiol-17/1 following the injection of 16a-hydroxy-
oestrone, there was an immediate and marked rise in the oestriol excretion in both
cases. The total increased excretion of oestriol amounted to 255 pg in the case of the
man and 200 pg in the case of the postmenopausal woman. Since the recovery
experiments indicated that in the urines of the two subjects only 73 and 76%
respectively of the oestriol present was being measured, the corrected total increases
in oestriol excretion following the injection can be estimated to be 350 and 260 pg
respectively. These values correspond to 44 and 33 % respectively of the dose (800 pg)
of 16 a-hydroxyoestrone which was administered.

DISCUSSION

The finding that about 40 % of 16a-hydroxyoestrone administered to human subjects
is subsequently excreted in the urine as oestriol is consistent with the hypothesis
advanced by Marrian, Watson & Panattoni [1957] that 16a-hydroxyoestrone and
16/J-hydroxyoestrone are intermediates in the metabolic 'hydration' of oestrone to
oestriol and 16-e/uoestriol respectively. It should be emphasized, however, that this
finding does not constitute proof of the validity of the hypothesis as a whole.

The authors are indebted to Mr K. H. Loke of the Department of Biochemistry for
preparing and purifying the 16a-hydroxyoestrone used in these experiments. They
also gratefully acknowledge the co-operation of Dr J. A. Strong of the Department
of Medicine, and the technical assistance of Miss Morag Scott of the Clinical Endo¬
crinology Research Unit.
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SUMMARY

Oestrone, oestradiol-] 7/3 and oestriol were administered by intramuscular injection to two men
and four women. The amounts of oestrone, oestradiol-17/3 and oestriol excreted in the urine as a
result of the injections were measured. The figures derived from these injection experiments have
been used to speculate on the nature and the amounts of the oestrogens secreted by the ovaries
during the menstrual cycle and by the placenta during pregnancy.

At present there is no direct method for estimating the amounts of oestrogens
produced in the body. However, certain oestrogens can be measured in urine and it
seems reasonable to expect that the results obtained bear some relationship to the
amounts produced in the body. This relationship can be investigated by administering
known amounts of oestrogens and determining how they are excreted in the urine.
This method depends on the assumption that parenterally administered oestrogens
are metabolized and excreted in the same way as the endogenous oestrogens. Such
experiments have been performed by many workers and have yielded valuable
information [Heard & HofFman, 1941; Pearlman & Pincus, 1942; Schiller & Pincus,
1943; Smith & Smith, 1952; Stimmel & Stealy, 1952]. However, the amounts
recovered in the urine by all these workers were extremely variable and it was
concluded that no quantitative relationship existed between the known urinary
oestrogens and the amounts administered [May & Stimmel, 1955]. These findings
could have been due to the assay methods used and to the fact that little attention
was paid to the route of administration and to whether the oestrogens themselves or
their derivatives had been given.

Beer & Gallagher [1955 a, 6] administered isotopically labelled oestrone and
oestradiol-17(8 to women suffering from chronic diseases. They were then able to use
the highly accurate method of isotopic dilution to estimate the amounts of oestrone,
oestradiol-17/3 and oestriol excreted in the urine. Their results are the most reliable
available, but even so are mainly incomplete because in some cases the authors
did not measure the urinary oestradiol-17/3 and in the others they did not continue to
measure the oestriol until the levels had returned to the control values.

Recently, a reliable chemical method has been developed for the quantitative
determination of oestrone, oestradiol-17(8 and oestriol in human urine [Brown,
1955 a], This method has been applied to a re-investigation of the urinary excretion
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of oestrone, oestradiol-17/3 and oestriol following the intramuscular injection of each
of these oestrogens. It was considered that these experimental conditions would yield
the most useful information concerning the urinary excretion of endogenous
oestrogens.

The purpose of the present paper is to report the results obtained and to show that
reasonable estimates of the amounts of oestrogens produced in the body can be
made from the results of urinary oestrogen determinations.

METHODS

Pure oestrone and oestradiol-17/3 were dissolved in olive oil (2-5 mg/ml.) and sterilized
by heating to 150-160° C for 30 min. Pure oestriol (the preparation described
by Marrian & Bauld [1955]) was dissolved in propylene glycol (5 mg/ml.), and
sterilized by heating to 120° C for 30 min. Single intramuscular injections of each
preparation containing 1 mg of the oestrogen were given to two healthy men aged 35
and 28 years (subjects 1 and 2) and to two postmenopausal women aged 55 and
72 years (subjects 5 and 6); intramuscular injections of 2 mg of each oestrogen were
given to two women, aged 27 and 17 years, with idiopathic secondary amenorrhoea
(subjects 3 and 4). Complete 24 hr collections of urine were made during a control
period of 2 days before the injections and subsequently until the urinary oestrogen
levels had fallen to the control values. This usually took from 4 to 7 days, but in one
case (subject 3) it took 9 days for the oestriol to return to control levels after the
injection of oestriol. An interval of 7 days or the time taken to return to control
levels was allowed to elapse between the injection of one oestrogen and the next.
Each 24 hr urine specimen was diluted to 2000 ml. with water, and the amounts of
oestrone, oestradiol-17/3 and oestriol present were determined by the method of
Brown [1955a]. This method does not measure 16-epioestriol [Marrian & Bauld,
1955] or 16a-hydroxyoestrone [Marrian, Loke, Watson & Panattoni, 1957; Marrian,
Watson & Panattoni, 1957], In this paper the unqualified term 'urinary oestro¬
gens' refers only to oestrone, oestradiol-17/3 and oestriol, although a number of other
closely related compounds were also certainly present in these urines. Losses
amounting in some cases to 40 % of the oestrogen present occur during the hydrolysis
and purification steps of the method. These losses were estimated in this series of
experiments by adding known amounts of oestrone, oestradiol and oestriol directly to
portions of the control urines from each subject and determining the amounts
recovered by the method. The figures obtained were used to calculate the true levels
of oestrogens excreted in the urine. The validity of this correction will be discussed in
a later publication [Brown & Blair, to be published].

RESULTS

The oestrogens recovered in the urine following the administration of oestrone,
oestradiol and oestriol are shown in Tables 1 and 2. Table 1 lists the over-all
recoveries of the injected oestrogens as the sum of the oestrone, oestradiol and oestriol
found in the urine expressed as percentages of the injected doses. The figures are un¬
corrected for differences in molecular weights and were obtained by subtracting the
control (endogenous) values from the combined amounts of the three oestrogens
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measured in the urine; they represent the whole of the transient increases measured
following the injections. The figures shown in the brackets are the observed figures
corrected for the losses occurring in the assay method, and are estimates of the true
amounts of the injected oestrogens excreted in the urine. The corrections were made
on the basis of the 'method recoveries' shown in Table 3, which were obtained by
adding known amounts of oestrogens directly to portions of the control urines before
assay. Table 2 shows the relative proportions of the three oestrogens recovered in the
urine following the injections expressed as percentages of the total oestrogens
recovered. The results are uncorrected for losses during the method or for molecular
weight differences.

Table 1. Recovery of administered oestrogens as urinary oestrogens
(Each figure shown is the sum of oestrone, oestradiol and oestriol recovered in the urine expressed as

percentage of injected dose. Figures without brackets are observed values; those within brackets have
been corrected for method losses shown in Table 3. No correction has been made for molecular weight
differences.)

Subject
Oestrogen
injected

Oestrone
Oestradiol
Oestriol

1

15 (20)
15 (19)
57 (74)

2

15 (23)
16 (24)
63 (83)

3

11 (16)
9 (13)

58 (85)

4

25 (38)
23 (35)
48 (80)

5

12 (15)
13 (17)
58 (73)

6

16 (24)
17 (26)
50 (78)

Mean

16 (23)
16 (22)
56 (79)

Table 2. Relative proportions of the three oestrogens recovered in urine following the
intramuscular injection of oestrone, oestradiol and oestriol

(Results are expressed as percentages of total oestrogens recovered, and are uncorrected for losses
during the method or for molecular weight differences.)

Subject

1 2 3 4 5 6

Oestrogen Amounts of individual oestrogens recovered as

injected Excreted as percentage of total oestrogens recovered
A

Mean + s.n.

Oestrone Oestrone 50 54 40 37 45 41 44 + 6

Oestradiol 13 10 7 9 13 6 10 + 3
Oestriol 37 36 53 54 42 53 46 + 8

Oestradiol Oestrone 42 56 37 36 41 32 41 + 8
Oestradiol 19 17 12 14 18 9 15 + 4
Oestriol 39 27 51 50 41 59 44+11

Oestriol Oestrone — — — — — — —

Oestradiol — — — — — — —

Oestriol 100 100 100 100 100 100 100

Each individual metabolized administered oestrone in almost exactly the same
manner as oestradiol, the total oestrogens recovered and the proportion recovered
as oestriol being practically the same in both cases. Small differences were observed
in the proportions of oestrone and oestradiol recovered in the urine, the injected
oestrogen tending to be excreted in a relatively greater amount. This would be
expected from the simultaneous operation of two processes involving the injected
oestrogen: (1) direct conjugation and elimination in the urine; and (2) metabolism
to the other oestrogens. However, as the difference is small, an equilibrium between
oestrone and oestradiol must be reached very quickly in the body. For practical
purposes administered oestrone and oestradiol cannot be distinguished by the urinary
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oestrogens derived from them. Consequently, when interpreting urinary oestrogens
in terms of oestrogen secretion both oestrone and oestradiol have to be considered
together. The elimination of administered oestriol was strikingly different from that
of oestrone and oestradiol. Only oestriol was recovered in the urine and this accounted
for the major part of the injected dose.

Table 3. Recovery of oestrogens added directly to urines from each subject
(Amounts recovered are shown as percentages of amounts added and are corrected for endogenous

blank values.)
Source of urine Subject 1 2 3 4 5 6

Oestrogen added Oestrone 74 64 77 76 77 75
Oestradiol 68 58 62 63 72 81

Oestriol 79 76 69 60 80 64

Oestriol

injection
300 r Y

250

200

150

100

.5 50

Oestrone
injection

Y

30

20 -

10 ■

Oestradiol

injection
Y

Oestriol

ty Control level

20

10

0

20

10

E3=t 7^TT
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~~j—1_^ ^ ^ Control level
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Days
Fig. 1. Urinary oestrone, oestradiol and oestriol levels following single intramuscular

injections of oestrone, oestradiol and oestriol (subject 5).

The urinary oestrogens rise and fall in constant patterns following the injection of
oestrone, oestradiol and oestriol. An example of these patterns is shown in Fig. 1.
Following the injection of oestrone and oestradiol the urinary oestrone and oestradiol
rise and fall together, the peak excretion occurring on the day of the injection. The
time taken for the urinary oestrone and oestradiol to return to control values was
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2-4 days. The peak of oestriol excretion occurred on the day after the injection and the
time taken to return to control levels was 4-6 days, which was longer than the time
taken by oestrone and oestradiol. Following the injection of oestriol, there was no
observable change in urinary oestrone and oestradiol excretion and the urinary
oestriol rose to a peak on the day of the injection and took from 4 to 9 days to return
to control values.

DISCUSSION

The amounts of oestrone, oestradiol and oestriol recovered in the urine following the
intramuscular injection of oestrone and oestradiol were consistently higher and less
variable than those reported by earlier workers. The results corrected for losses
occurring in the method were similar to, but sometimes higher than, the figures
reported by Beer & Gallagher [19556], who in two cases recovered 13 and 11 % of
injected 14C-labelled oestrone in the urine as oestrone, oestradiol and oestriol. Their
lower recoveries could have been due to underestimates of the amounts of oestriol
excreted in the urine because they measured only the oestriol excreted during the
4 days following the injections. It is possible that further small amounts of oestriol
could have been recovered after this time. The lower recoveries (5-6-12-7%) of
injected deuterium-labelled oestrone reported by Pearlman, Pearlman & Rakoff
[1954] could have been due to the fact that the acetate and not the free oestrogen
was injected. The recovery figures reported here show that the elimination of
oestrogens as known metabolites in the urine is not as insignificant and variable a
pathway as was first thought, especially when it is considered that the other known
urinary oestrogens, 16-epioestriol, 16oc-hydroxyoestrone and 2-methoxyoestrone
[Kraychy & Gallagher, 1957], were not included in the determinations.

When oestrone and oestradiol were injected, between 27 and 59 % of the oestrogens
recovered in the urine was oestriol. The urinary oestradiol levels were always less than
half the oestrone levels. Bauld, Milne & Givner [1956] obtained similar results
following the injection of oestradiol into healthy men. However, they found that
the proportion of oestriol to total oestrogens in the urine was considerably higher
in men with myocardial infarction. May & Stimmel [1948] found that in men with
cancer of the prostate administered oestradiol was excreted mainly as oestriol.
Similar results have been obtained in this laboratory in patients with mammary
cancer. The significance of these results is obscure.

Approximately 80 % (corrected) of injected oestriol was recovered as unchanged
oestriol in the urine. This is in agreement with the findings of Schiller & Pincus [1943],
who recovered only oestriol from the urine following the intramuscular injection of
oestriol triacetate and of Smith & Smith (quoted by Pincus & Pearlman [1943]) who
recovered 80 % of an intramuscular injection of oestriol as unchanged oestriol in the
urine.

Beer & Gallagher [1955 a] pointed out that the elimination of the oestrogens in the
urine is a slower process than that of the other steroid hormones. In the present
work the urinary oestrone and oestradiol levels took 2-4 days to return to the control
levels after the injection of oestrone and oestradiol. After the administration of
oestrone, oestradiol or oestriol the corresponding time for the elimination of oestriol
was 4-9 days which was consistently longer than for oestrone and oestradiol. After
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a normal delivery, the time taken for the urinary oestriol to fall from the high levels
of late pregnancy to normal levels was 25 days, while the urinary oestrone and oestra-
diol returned to normal in 5 days [Brown, 1956]. The reason for this slower elimination
of oestriol is not clear.

When a single injection of oestrone or oestradiol is given the urinary levels of
oestrone and oestradiol rise and fall together and the maximum levels occur on the
1st day after the injection. The interconversion of the two in the tissues must there¬
fore be a relatively rapid process. However, the maximum level of oestriol does not
occur until the 2nd day after the injection. This is not due only to a delayed excretion,
because when oestriol itself is injected the maximum urinary oestriol levels occur on
the 1st day after the injection. It seems that time is required for the conversion of
oestrone and oestradiol to oestriol and because of this the excretion of oestriol lags
approximately 24 hr behind that of the other two oestrogens.

Calculation of oestrogen production in the body from
amounts excreted in urine

As the recoveries of injected oestrogens were reasonably constant from one indi¬
vidual to another, it seems justifiable to use the figures so obtained in order to
speculate on the nature and amounts of the oestrogens secreted in the body which
give rise to the oestrogens found in the urine.

(1) Oestrogens secreted during menstrual cycle
Amounts of oestrone, oestradiol and oestriol excreted per 24 hr in the urine

throughout the menstrual cycle of eight apparently normal women have already been
reported [Brown, 1955&]. These results form the basis of the following speculations.

Two peaks of oestrogen excretion were observed during a normal cycle. It was
suggested that a growing follicle was responsible for the first peak, that rupture of
the follicle at ovulation was responsible for the abrupt ending of the first peak, and
that the growing and then regressing corpus luteum was responsible for the second
peak. Consequently, for the purpose of the following calculations, the ovulatory
phase was taken as that period of approximately 8 days which included the ovu¬
lation peak and ended at the lowest oestrogen levels following the peak. The luteal
phase was taken as approximately the next 10 days which included the luteal peak.
The relative amounts of the three oestrogens found in the urine during the ovulatory
and luteal phases of the cycles were calculated for each individual. The mean amounts
with their standard deviations, expressed as percentages of the total oestrogen
excreted during each phase of the cycle, were as follows:

Ovulatory phase Oestrone 40 + 8;
Oestradiol 15 + 5;
Oestriol 45 ±12.

Luteal phase Oestrone 38 ± 8;
Oestradiol 14 + 4;
Oestriol 48+11-5.

These figures are very similar to those found after the intramuscular injection of
oestrone and oestradiol (Table 2). In other words, oestrone, oestradiol and oestriol
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are present in the urine during the ovulatory and luteal phases of the menstrual cycle
in the same proportions as if they had been derived from administered oestrone or
oestradiol. Furthermore, when there is an abrupt change in oestrogen secretion,
such as, for example, at ovulation, the changes in the urinary oestriol levels tend to
lag 24 hr behind the corresponding changes in the oestrone and oestradiol levels as
they do following a single intramuscular injection of oestrone or oestradiol (Fig. 1).
All these findings are consistent with the view that oestrone or oestradiol, or a
mixture of both, is secreted by the ovaries during the menstrual cycle and gives rise
to the oestrogens measured in the urine. This view is supported by the work of
MacCorquodale, Thayer & Doisy [1936] and of Westerfeld, Thayer, MacCorquodale &
Doisy [1938] who identified both oestrone and oestradiol in sows' ovaries.

During the luteal phase, the 24 hr time lag between changes in the oestriol levels
and the corresponding changes in the oestrone and oestradiol levels is not obvious.
Because of this Brown [19556] suggested that oestriol itself might be secreted by the
corpus luteum as well as oestradiol and/or oestrone. This suggestion was supported
by the findings of Furuhjelm [1954] who claimed to have demonstrated histologically
the presence of oestriol in corpora lutea. However, contrary evidence is provided by
calculations made on the basis of the recovery experiments. When oestriol was ad¬
ministered, an average of 56 % of the injected dose was recovered in the urine, and of
this 100% was oestriol. When oestrone and oestradiol were administered, an average
of 16% of the injected doses was recovered in the urine and of this approximately
45% was oestriol (Tables 1 and 2). Administered oestriol was therefore 56/16 x 0-45
or eight times more effective in raising the oestriol levels in the urine than the same
amounts of oestrone and oestradiol. This should also apply to any endogenous oestriol
secreted by the corpus luteum. If appreciable amounts of oestriol were produced
in this way, more oestriol relative to oestrone and oestradiol should be excreted in
the urine during the luteal phase than during the ovulatory phase. As has already
been shown, the relative proportions of the three oestrogens are the same during
both phases of the cycle. Therefore it is unlikely that the corpus luteum secretes
appreciable amounts of oestriol. The failure to observe the time-lag during the
luteal phase of the cycle is probably due to the absence of any change in secretion
abrupt enough or of sufficient magnitude to demonstrate it in the presence of
the small daily fluctuations in urinary levels which usually occur.

When oestrone and oestradiol were injected, the sum of the oestrone, oestradiol
and oestriol recovered in the urine amounted to an average of 16 % of the ad¬
ministered dose (Table 1). Assuming that oestrone or oestradiol, or a mixture of
both, is the primary oestrogenic hormone during the menstrual cycle, then an
approximate estimate of the amounts produced in the body each 24 hr can be made
by multiplying the sum of the oestrone, oestradiol and oestriol excreted in the urine
during the 24 hr period by the factor 100/16. When the determinations are performed
on consecutive 24 hr urine specimens, allowance can be made for the time-lag between
the excretion of oestrone and oestradiol and the excretion of oestriol by summing the
urinary oestrone and oestradiol levels of each day with the urinary oestriol levels of
the next day. This method has been used to calculate the amounts of oestradiol
and/or oestrone secreted in the body per 24 hr during an average menstrual cycle
(Fig. 2). The data shown in Fig. 2 were calculated from the arithmetical means of the
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daily urinary oestrogen levels measured throughout eleven ovulatory menstrual
cycles. These include the eight cycles previously described [Brown, 19556], For
convenience in making the calculations, the day on which the ovulatory peak of
oestrone and oestradiol excretion occurred was taken as day 0 and the other days of
the cycle were numbered from this day. The lengths of the proliferative and luteal
phases of the hypothetical cycle shown in Fig. 2 are the averages for the eleven cycles.

(2) 0estrogens secreted during pregnancy

Pearlman et al. [1954] administered deuterium-labelled oestrone acetate to
pregnant women and found that it was converted to the same amounts of urinary
oestrone, oestradiol and oestriol as oestrone acetate administered to non-pregnant
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Fig. 2. Oestrogens secreted in the body during an ovulatory menstrual cycle expressed as oestradiol

and/or oestrone. Figures were calculated from the average 24 hr urinary excretion of oestrone,
oestradiol and oestriol measured during eleven menstrual cycles. Sum total secreted during the
cycle was 4-8 mg. ■ = menstrual period.

individuals. They concluded from these results that pregnant women metabolize and
excrete oestrogens in the same manner as non-pregnant individuals. If this is
accepted, then it should be possible to use the recovery figures given in Tables 1 and 2
in order to speculate on the oestrogens produced in the body which give rise to the
oestrogens found in the urine during pregnancy.

The amounts of oestrone, oestradiol and oestriol excreted per 24 hr in the urine
throughout pregnancy in four women have been reported [Brown, 1956], These
results were used in the following calculations. During pregnancy, the concentrations
of oestrogens in the urine are high, especially during the second and third trimesters.
Furthermore, the concentration of oestriol is very much higher than that of oestrone
and oestradiol. For example, case 8 [Brown, 1956] excreted an average of 1-6 mg
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oestrone, 0-66 mg oestradiol and 38-0 mg oestriol/24 hr during the last week of her
pregnancy. The relative amounts of oestrone and oestradiol in the urine during
pregnancy are similar to those following the administration of oestrone and oestradiol
(Table 2). It is therefore reasonable to suppose that the urinary oestrone and
oestradiol are derived from one or both of these oestrogens in the body. However, the
amounts of oestriol relative to the other oestrogens found in pregnancy urine are very
much higher than those found after the injection of oestrone and oestradiol to non¬
pregnant individuals (Table 2). If it is accepted that the metabolism of oestrogens is
similar in the two groups, then all this oestriol cannot be derived from the metabolism
of oestrone and oestradiol in the body. The most reasonable explanation for the high
proportion of urinary oestriol is that it is derived from oestriol secreted as such by the
placenta. Such an explanation was advanced by Pincus & Pearlman [1943] for the
same reasons. The isolation of oestriol together with smaller amounts of oestrone and
oestradiol from human placentae [Butenandt & Browne, 1933; Westerfeld, Mac-
Corquodale, Thayer & Doisy, 1938; Huffman, Thayer & Doisy, 1938] also supports
the view that the placenta secretes oestriol as well as oestrone and oestradiol. If it
is accepted that all three oestrogens are produced by the human placenta, then the
amounts secreted can be calculated from the urine levels and from the data given in
Tables 1 and 2.

As before, oestrone and oestradiol have to be considered together. When oestrone
and oestradiol were administered, an average of 16% of the injected dose was re¬
covered in the urine as oestrone, oestradiol and oestriol (Table 1). The average pro¬
portion of urinary oestrone plus oestradiol to oestriol was 55-45 (Table 2). In other
words, 16x55/100 or 9% of the injected dose was recovered as oestrone plus
oestradiol and 16x45/100 or 7% was recovered as oestriol. When oestriol was ad¬
ministered, an average of 56% of the injected dose was recovered in the urine as
oestriol alone (Tables 1 and 2). The following example illustrates the method by which
these figures can be used for calculating the amounts of oestrone plus oestradiol and
of oestriol produced by the placenta. The urinary figures used are those quoted above
for subject 8 [Brown, 1956], i.e. oestrone plus oestradiol (1-6+ 0-66) mg/24 hr and
oestriol 38 mg/24 hr urine. Since urinary oestrone and oestradiol can be derived only
from oestrone and oestradiol, the above amounts must have come from (1-6 +
0-66) x 100/9 or 25 mg of placental oestrone and oestradiol. During the metabolism of
this, 25x 7/100 or 1-8 mg of urinary oestriol would be produced. Therefore, the
urinary oestriol derived directly from oestriol secreted by the placenta would be
(38— 1-8) or 36-2 mg. This urinary oestriol would be derived from 36-2 x 100/56 or
65 mg of placental oestriol.

Slight modification of the assay method is necessary before it can be applied to the
measurement of the high concentrations of oestrogens found in late pregnancy urine.
This was done by taking smaller volumes of urine for assay and diluting with water
before hydrolysing with acid. Under these conditions no oestrogens are lost during
acid hydrolysis and the average recovery of oestrone, oestradiol and oestriol added
directly to urine was 83%, 81% and 81% respectively [Brown, 1956], The un¬
corrected figures given in Table 1 and used in the above calculations include both the
hydrolysis and the processing losses which occur during the measurement of oestro¬
gens in the urine of non-pregnant individuals. Allowance can be made for the
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absence of losses during hydrolysis by multiplying the corrected figures shown in
brackets in Table 1 by the average ' methods recoveries' given above for late preg¬
nancy urine. On this basis the average recovery of administered oestrogens in late
pregnancy would be as follows: oestrone, 23 x 83/100 or 19 %; oestradiol, 22 x 81/100
or 18% (average for oestrone and oestradiol = 18-5%); oestriol, 79 x 81/100 or 64%.
The amounts of oestrogens secreted during the second and third trimesters of
pregnancy shown in Fig. 3 were calculated using these corrected factors. However,
the correction for absence of loss during hydrolysis is small and is probably un¬
justified in a calculation which, at its best, must be regarded as a rough approximation.
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Fig. 3. Scatter-diagram of values for placental secretion of oestrone plus oestradiol plus oestriol through¬
out four normal pregnancies (calculated from the urine figures; Brown [1956]). Superimposed on
the diagram is a line fitting the mean weights of placentae found at various times during pregnancy
(obtained from a large number of complete and interrupted pregnancies). #, subject 7; x , subject 8;
A, subject 9; O, subject 10; , mean placental weight curve (see p. 212, below).

100 -

Estimates of the oestrogens secreted by the placenta throughout pregnancy are
shown in Fig. 3. The figures given are the sums of the oestrone, oestradiol and oestriol
secreted per 24 hr, calculated from the urine figures already published. A correction
was made during the early stages of pregnancy for the oestrogens secreted by the
corpus luteum. The average oestrogen levels observed during the 4th and 5th weeks
after the last menstrual period were taken as being representative of the oestrogens
produced by the corpus luteum, and were subtracted from the levels observed
subsequently. A rapid increase in oestrogen excretion occurs after the 7th week of
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pregnancy. If this is due to oestrogens produced by chorionic tissue, as suggested
by Brown [1956], then this correction soon becomes negligible as the production of
oestrogens by the placenta soon greatly surpasses that by the corpus luteum. Also
shown in Fig. 3 is the statistically 'fitted' curve for the weights of placentae at
different times of pregnancy. These were derived from an examination of large
numbers of placentae from complete and interrupted pregnancies.* Since the weight
curve parallels the oestrogen production curve, it appears that the amount of
oestrogens produced by the placenta is directly proportional to weight of the placenta.

According to the calculations, the proportion of oestriol to total oestrogens
secreted by the placenta increases as pregnancy advances. For example, case 8
secreted no additional oestriol until the 7th week after her last menstrual period; by
the 20th week oestriol accounted for 42 % of the oestrogens secreted by the placenta,
at the 30th week 53% and at term 65%. The corresponding percentages of oestriol
secreted at term by cases 7, 9 and 10 were 74, 67 and 69%. These figures agree
reasonably well with the proportions of oestriol to total oestrogens found in normal
full-term placentae by Diczfalusy & Lindkvist [1956], The geometric mean (with
95% fiducial limits) for the percentage of oestriol to total oestrogens, calculated
from their figures, was 58% (range 86-31 %).

I wish to thank Prof. G. F. Marrian for his interest in this work. I also wish to

thank Dr A. I. Klopper for his clinical collaboration, and Miss Janet Mackie for her
technical assistance.
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of the values found by the Kober reaction was obtained. In addition,
the amount of each radioactive metabolite was calculated from the
radioactivity in the peak tube of the countercurrent distribution.

Two such experiments were done in which the amounts of the
three metabolites present in each portion studied varied from 20 to
70 jug. Excellent agreement between all the analytical methods was
obtained. It is apparent from these results that Brown's method
affords credible values in this range of urinary oestrogens.

A third comparison at lower oestrogen levels was made by mixing
a portion of a urine extract previously analysed by the foregoing
procedures with an 'inert' urine extract obtained from an
ovariectomized-adrenalectomized woman withdrawn from steroid
therapy. This so-called ' inert' extract was analysed by the Brown
method and the values obtained for the oestrogen metabolites were
deducted from the final results obtained after addition of the
radioactive extract. In this experiment the added radioactive
oestrogen metabolites were oestrone 2-6 fig., oestradiol 1-8 fig. and
oestriol 6-3 fig. .Again satisfactory agreement was obtained between
the analytical procedures so that it can be concluded that the method
of Brown is applicable in this range as well. The details of this
international collaborative study will be described in a forthcoming
publication.-
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URINARY OESTROGEN EXCRETION IN THE STUDY
OF MAMMARY CANCER

J. B. Brown

The Clinical Endocrinology Research Unit (Medical Research Council),
University of Edinburgh

It is generally accepted that the growth of some mammary cancers
is influenced by oestrogens. It might therefore be expected that a
study of oestrogen production and metabolism in patients with
breast cancer would yield valuable information concerning this
disease. While the amounts of oestrogens secreted in the body
cannot be measured directly at present, an indirect measure can be
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made by determining the amounts excreted in the urine. The
purpose of the present paper is to describe some results of oestrogen
determinations which have been made on the urine of post¬
menopausal women with breast cancer and to compare them with
the results obtained from women without cancer. Measurements
have also been made following the intramuscular injection of small
doses of oestradiol-17/J to determine whether patients with breast
cancer excrete administered oestrogens in the same manner as
non-cancerous individuals.

METHODS

Urinary oestrogens were determined by the chemical method
developed by Brown (1955) modified as described by Brown,
Bulbrook and Greenwood (1957 a). This method measures
oestrone, oestradiol-17^3 and oestriol but does not measure the more
recently isolated oestrogens, 16-ep;oestriol (Marrian & Bauld, 1955),
16a-hydroxyoestrone (Marrian, Watson & Panattoni, 1957;
Marrian, Loke, Watson & Panattoni, 1957), or 2-methoxyoestrone
(Kraychy & Gallagher, 1957). The method was originally
developed for measuring the oestrogen levels found in the urine
during the menstrual cycle. Before applying it to the measurement
of the much smaller amounts present in the urine of postmenopausal
women it was necessary to establish its reliability under these
conditions. This investigation was carried out as a joint project
with Drs Bulbrook and Greenwood of London. As a result of this
joint investigation an additional purification step was added to the
method and the results obtained under a wide variety of conditions
were evaluated. Table I summarizes the conclusions of this
investigation.

Table I. Reliability criteria of a method for estimating
oestrogens in urine

(From Brown, Bulbrook and Greenwood, 1957 b)
1. The specificity is based on :

(a) The Kober colour reaction and the purification procedures employed.
(b) Physical characteristics of the purified oestrogen fractions :

(i) Chromatography on alumina (Brown, 1955).
(ii) Countercurrent distribution (Diczfalusy, 1955).

(c) Comparison with bioassay (Bulbrook, Greenwood & Williams, 1957,
1958.

(d) Comparison with the chemical method of Marrian (1955) and Bauld
(1956).

2. Accuracy. Recoveries of oestrogens added to urine are 70 % to 95 % when
added after hydrolysis and 50 % to 85 % when added before hot acid
hydrolysis.
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3. Precision. Estimates of the standard deviation ' s' of rcsujls (calculated
from 1,600 duplicate determinations).

Oestrogen
concentration

' s' (pg./24-hrs. urine)

(Mg./24-hrs.
urine) Oestrone Oestradiol Ocstriyj
0-4-9 0-35

'

0-33 0-46,

5-40-0 0-37 0-45 0-6t)

4. Sensitivity and fiducial limits. Calculated from ' s' for a duplicate
determination and P=0 01 (results in ag./24-hrs. urine).

Oestrone Oestradiyj Ocstriol

Lowest amount distinguishable from 0-64 0 60 0-84
zero

Lowest amount measured with an 2-5 2-4 3-3
error less than + 25 %

Fiducial range of a determination :
(0) Result less than 5 ag./24 hrs. 0-64 0 60 0-84
(b) Result 5-40 ug./24 hrs. . 0-67 0-82 11

In the present investigation, estimations were perforined on at
least two complete 48-hour collections of urine from each individual.
When the results of the two determinations were within i|!e accurate

range of the assay method and differed by more than 5Q °/o Qf the
lower result, the determination was repeated, using a furthef specimen
of urine from the same individual.

In the metabolism experiments, 2-5 mg. of oestra-Jjol-17/3 in
olive oil (2-5 mg./ml.) was injected intramuscularly, (jrine was
collected for at least 4 days before the injection to e^[ablish the
levels of endogenous excretion and for 6 days after the injection.
The 6-day specimens were pooled and the total exgretjon of
oestrogens over this period was determined. The proportion of
injected oestrogen excreted in the urine, uncorrected for losses
occurring during the assay method, was calculated froip this figure
after allowing for the endogenous levels.

All the subjects studied were women who were at lcas( 5 years
past the menopause. The patients with breast cancer wef t suffering
from a recurrence of the tumour following mastectomy hip fiacj had
no previous ' endocrine' therapy. The control subjects were
mainly patients in hospital with a variety of complain($ but who
showed no evidence of malignant disease.
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RESULTS

Endogenous oestrogen levels
Table II shows the geometric means and ranges (P=0-05) of the
urinary oestrogen levels found in the group of patients with breast
cancer and in the control group. The results in each case were
usually the means of determinations performed on two 48-hour
urine specimens. Tests for significance of differences between the
means (cancer/controls) are also included.

Table II. Urinary oestrogen levels in postmenopausal women
with and without breast cancer (endogenous levels)

(Results in pg./24-hrs. urine)

Group
No.
of

cases

Geo¬
metric
mean

Geometric
range

(P =0 05)

S.D.
log

l P

Oestrone .

Oestradiol *

Oestriol

Total

Control
Cancer
Control
Cancer
Control
Cancer
Control
Cancer

22
27"
22
27
22
27
22
27

1 -4
1-5
0-3
0-6
41
5-8
6 0
81

5-2-0-4
3-8-0-6
1-5-0
1-9-0

16-2-1-0
16-6-2-0
19-1-1-9
19-0-3-5

0-29
0-21

0-30
0-23
0-25
0-19

j-0-42

12-0
}2.'

0 05

0 05

* Arithmetic means and observed ranges.

No striking differences were observed between the results obtained
in the two groups. Small differences were, however, observed in
the mean levels of oestriol and total oestrogens found in the two
groups, the mean values in the breast cancer group being just
significantly greater (P = 0 05) than those in the control group.

The metabolism of administered oestrogens
The results of the metabolism experiments in which oestradiol-17)3
was administered to patients with breast cancer and to a series of
control patients are shown in Table III. The figures given are the
sum totals of the oestrone, oestradiol and oestriol recovered in the
urine, expressed as percentages of the amount of oestradiol injected.
The percentages of oestriol to total oestrogens recovered are also
shown. The mean percentage of the injected dose which was
recovered in the urine was the same in the two groups. However,
the proportion excreted in the urine as oestriol was significantly
higher in the group with breast cancer (P = 0 01).
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Table III. The recovery of administered oestradiol as oestrone,
oestradiol and oestriol in the urine

Group
No.
of

cases

Logar¬
ithmic
mean

Logarithmic
range

(P =005)

S.D.
log.

t P

Total ocstrogens Control 9 14-8 22-4-9-8 0-09
recovered } 0 2

% of dose in¬ Cancer 25 14-5 28-8-6-9 0 16
jected

Oestriol as % of Control 9 57-5 100 0-30-0 0-14 001-
total oestrogens Cancer 25 72-4 100-0-48-0 0-09 11 0 001
recovered

The assumption is made in this type of experiment that the urinary
excretion of parenterally administered oestradiol reflects the
metabolism of endogenously secreted oestrogens. In another series
of experiments in which oestrone and oestradiol-17^3 were adminis¬
tered separately to healthy individuals, the total oestrogens recovered
in the urine and the proportion recovered as oestriol were the same,
irrespective of which oestrogen was administered. However, small
differences were observed in the ratio of oestrone to oestradiol found
in the urine, the injected oestrogen being excreted in relatively the
greater amount. The relative proportions of the three oestrogens
found in menstrual cycle urine and derived from endogenous sources
were the same as those recovered after the injection of destrone and
oestradiol (Brown, 1957). This finding would be expected if the
oestrone, oestradiol and oestriol found in menstrual cycle urine were
derived from oestradiol or oestrone or a mixture of the two, secreted
presumably by the ovary. If postmenopausal women also secrete
and metabolize oestradiol and/or oestrone in the same manner as
they metabolize and excrete administered oestradiol, then the relative
proportions of the three oestrogens found in their urine should
be the same as those recovered from administered oestradiol
(or oestrone). In this series such a comparison could not be exact
because, although the amounts recovered from the administered
dose were within the range of accuracy of the assay method, the
amounts of at least one and sometimes all three of the endogenous
oestrogens excreted by the postmenopausal women were below this
range. Nevertheless such a comparison has been attempted and
the results are shown in Figures 1, 2, 3 and 4. The percentages of
each oestrogen to total oestrogens excreted in the urine during the
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4-day control period (endogenous) were plotted against the per¬
centages found in the 6-day pool of urine collected after the injection
(exogenous). The endogenous values were divided into those which
were within the range of accuracy of the assay method, that is,
with a maximum error of ±25 % (P =001), those which were below

percent of exogenous

Fig. 1. Relationship between percentage ratio oestrone/total
oestrogens in control urine (endogenous) and in urine from
that individual following the intramuscular administration of

oestradiol-I7p (exogenous).
Correlation coefficient, r=0-83.
Endogenous oestrone levels:

X<0-7 pg./24 hrs.
© 0-7-2-4 ug./24 hrs.
A>2"5 pg./24 hrs.

were indistinguishable from zero. The oestriol values were further
subdivided into those results where the combined oestrone and
oestradiol values were greater than 1 fig. per 24 hours, a figure
which was considered to be just significant, and those which were
less than this figure.

The percentages of oestrone and oestriol to total urinary
oestrogens derived from endogenous sources correlated closely with
those derived from administered oestradiol, in spite of the fact that
many of the results obtained for the endogenous excretion were
below the levels which were considered to have quantitative or even
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■qualitative meaning. This agreement provides additional evidence,
for the validity of these levels which were calculated from the estimates
-of precision of the method. These calculations were based on a

PERCENT OF EXOGENOUS

Fig. 2. Relationship between percentage ratio oestriol/total oestrogens in
control urine (endogenous) and in urine from that individual following the

intramuscular administration of oestradiol-17 p (exogenous).
r-0 19.

Endogenous oestriol levels:
© 0-85-3-3 pg./24 hrs., oestronc plus oestradiol> 1 0 pg./24 hrs.
O 0-85-3-3 pg./24 hrs., oestronc plus oestradiol< 1 0 ug./24 hrs.

(Not included in the calculation of r.)
A>3-3 vg./24 hrs., oestrone plus ocstradiol>l 0 ug./24 hrs.
A>3-3 ag./24 hrs., oestrone plus ocstradiol< 1 0 ug./24 hrs.

probability of P = 001, and it might be expected that a considerable
number of results obtained below these calculated levels would still
conform to the limits set for these levels. In the case of oestradiol,
many of the results obtained for endogenous excretion were zero,
although ocstradiol was always present in the urine following the
injection of oestradiol. In a comparison between the yields of
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oestrogens obtained from urine by acid hydrolysis and by hydrolysis
with the enzymes ^-glucuronidase and phenol sulphatase, it was
found (Brown & Blair, 1957) that small but detectable amounts of
oestradiol were frequently measured in enzyme-hydrolysed urine
when none was detected in acid-hydrolysed urine. Apparently

PERCENT OF EXOGENOUS

Fig. 3. Relationship between percentage ratio oestradiol/total
oestrogens in control urine (endogenous) and in urine from
that individual following the intramuscular administration
of oestradiol-17 p. Determinations were made on acid-

hydrolysed urine.
r=0-21. 1

Endogenous oestradiol levels.:
X<0-6 Mg./24 hrs.
C 0-6-2-4 pg./24 hrs.

oestradiol is sometimes completely destroyed during acid hydrolysis
when present in these small amounts. Consequently, in the present
investigation, some of the determinations were performed on
enzyme-hydrolysed urine as well as on acid-hydrolysed urine. The
results for oestrone and oestriol obtained using enzymic hydrolysis
were approximately 15 % higher than those obtained using acid
hydrolysis, but the relative proportions of the two remained the
same. The ratios of oestradiol to total oestrogens excreted
endogenously and those excreted after the administration of
oestradiol-17)3 are shown in Figure 4, in which all the results were
204



HORMONE STUDIES

obtained by enzymic hydrolysis of the urine. A satisfactory correla¬
tion between the endogenous and exogenous results was obtained,
although many of the figures for endogenous excretion were below
the limits set for the sensitivity of the method. It is seen that the

Fig. 4. Relationship between percentage ratio oestradiol/total
oestrogens in control urine (endogenous) and in urine from
that individual following the intramuscular administration
of ocstradiol-17p. Determinations were made on enzyme-

hydrolysed urine.
r=0-83.

Endogenous oestradiol levels:
X<0-6 pg./24 hrs.
C 0-6-2-4 pg./24 hrs.

majority of these results (10 of 12) fall below the line where the two
ratios are the same. This implies that the percentage of oestradiol
excreted endogenously is less than that derived from administered
oestradiol. In the case of the oestrone results, the majority of the
figures (19 of 32) fell above the line where the two ratios are the same.
This implies that the percentage of oestrone excreted endogenously
is more than that derived from administered oestradiol. These
two findings would be consistent with the hypothesis that the
oestrone, oestradiol and oestriol normally found in the urine of
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postmenopausal women are derived from oestrone and oestradiol
secreted in the body.

DISCUSSION ~~

This investigation has failed to demonstrate any striking difference
between the urinary excretion of oestrogens by postmenopausal
patients with breast cancer and postmenopausal subjects without
cancer. However, in a large series of determinations differences
which were just significant were observed between the mean levels
of total oestrogens and of oestriol found in the urine of the two
groups. The differences were small but indicated that the patients
with breast cancer were excreting as a group slightly more oestrogens
than the control group. The importance of this finding is
questionable and further work is obviously required. There was
no difference between the two groups in the total amounts of
oestrone, oestradiol and oestriol recovered in the urine following
the injection of oestradiol. Differences were, however, demonstrated
in the proportions of oestriol to total oestrogens recovered in the
urine following the injection of oestradiol. The patients with breast
cancer tended to excrete relatively more oestriol than oestrone and
oestradiol. In both breast cancer and the control groups a satis¬
factory correlation was obtained between the relative proportions
of endogenously derived oestrone, oestradiol'and oestriol found in
the urine and the proportions recovered following the injection, of
oestradiol. The results were consistent with the hypothesis that
small doses of administered oestradiol are metabolized and excreted
in the urine in the same manner as endogenously produced oestradiol,
and that the oestrone, oestradiol and oestriol normally found in the
urine of postmenopausal women are derived from oestradiol and/or
oestrone produced in the body. Conversely, the reliability of a
determination performed on postmenopausal urine can be tested
by examining the relative proportions of the three oestrogens
measured in the urine., If, for example, the oestradiol level measured
is much higher than the oestrone and oestriol levels, then it is likely
that the result is wrong.

The reason for the higher proportion of oestriol to total oestrogens
found in the urine of patients with breast cancer following the
injection of oestradiol is obscure. Similar raised proportions of
oestriol were observed by Bauld et al. (1956) in patients with
myocardial infarction and by May and Stimmel (1948) in patients
with prostatic cancer. Perhaps the proportion excreted as oestriol
merely depends on the health of the patient. In an earlier series in
which oestradiol and oestrone were administered intramuscularly U>
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healthy individuals (men, young and postmenopausal women) the
average proportion of oestriol to total oestrogens recovered in the
urine was 44 %. Bauld ct at. (1956) reported similar results from
healthy men. This figure of 44 % is considerably lower than that of
60 % found here for the control subjects. However, most of the
control subjects were patients hospitalized for complaints other than
cancer, and therefore cannot be classified as completely healthy
individuals. The difference in the percentage of oestriol to total
oestrogens excreted by the cancer and the control groups following
the administration of oestradiol should have been reflected in the
levels found for the excretion of endogenous oestrogens shown in
Table II. However, the mean percentage oestriol to total endogenous
oestrogens in the cancer group was 74 % and in the control group
73 %, two values which are not significantly different. This incon¬
sistency could well be due to the small number (9) comprising the
control group in the metabolism experiments and to the possibility
that high ocstriol ratios are not specifically connected with breast
cancer.

SUMMARY

Urinary oestrone, oestradiol-17)3 and oestriol, derived from
endogenous sources and from administered oestradiol-17/? were
determined in a group of postmenopausal patients with breast
cancer who had received no endocrine treatment. The results
were compared with those obtained similarly in a control group of
postmenopausal women without cancer. No striking difference in
the urinary levels of endogenous oestrogens was detected in the two
groups or in the total amounts of oestrogens recovered in the urine
following the injection of oestradiol. The proportion of oestriol to
total oestrogens recovered after the injection was higher in the breast
cancer group. The significance of this finding is discussed.

The relative proportions of the three oestrogens found in the
urine before the injection correlated well with those recovered from
the injection, in spite of the very low levels of endogenous oestrogens
frequently encountered. This correlation justifies the reliability
limits calculated for the assay method, and supports the hypothesis
that the oestrone, oestradiol and oestriol found in the urine of
postmenopausal women are derived from oestradiol and/or oestrone
produced in the body.
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OESTROGEN EXCRETION AFTER HYPOPHYSECTOMY

IN BREAST CANCER

E. F. Scowen

St Bartholomew's Hospital, London

We have studied the oestrogen excretion before and after
hypophysectomy in fifteen patients who had multiple metastatic
deposits from breast cancer. All these patients had multiple
metastases in the skeleton, and most of them had either local
recurrence or an inoperable primary growth still present. As far
as we could ascertain they did not have any involvement of the
brain, lungs or viscera.

We have included in this series only a selected group of
patients in whom we have reason to suppose that hypophysectomy
was functionally complete. This was assessed during the period
4 to 6 weeks post-operatively. Whilst we realize that absolute
hypophysectomy cannot at present be proved in life, all these
patients had a fall in the protein bound iodine content of the blood
to a figure below 1 -S./u-g./lOO ml.; they were shown to be obligatorily
208
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Urinary (Estrogen Metabolites of 19-Norethisterone and its Esters [Summary]
By J. B. Brown, M.Sc., Ph.D., and H. A. F. Blair, A.I.S.T., M.R.S.H.

Edinburgh

Increases in urinary oestradiol values amount¬
ing to 10 /xg/'day, without corresponding increases
in cestrone and cestriol, when measured by the
method of Brown (1955), were observed in a
subject given norethisterone acetate (12 mg/day
orally). When a saponification step was incorp¬
orated in the method (Brown et al., 1957), in¬
creases in both oestradiol and oestrone values of
8 and 13 /xg/day respectively were observed with¬
out any change in the oestriol. Quantitatively
similar results were obtained in all of 6 women

given norethisterone or its acetate orally, or its
oenanthate intramuscularly. Similar observa¬
tions have been made by Parada et al. (1959) and
by Breuer et al. (1960) who isolated and identified
the oestrone following saponification. The fail¬
ure of the oestriol to increase under these con¬

ditions shows that the increases in oestrone and
oestradiol are due to an artifact derived from the
norethisterone. Experiments showed that this
was a metabolite of norethisterone and that it
was not a ketone but was converted to oestrone on

saponification. Engel et al. (1958) showed that
19-nortestosterone is converted in vivo to oestra¬
diol and 0 03% of the dose is excreted in the
urine as oestrone. The possibility was considered
that norethisterone is similarly metabolized to
ethynyloestradiol. Ethynylcestradiol gives one-
tenth the intensityofcolour given byoestradiol in the
Kober reaction; when ethynyloestradiol was added
directly to urine and measured by the method of
Brown, 50% was destroyed during acid hydro¬
lysis and 30% was recovered in the oestradiol
fraction without any appearing in the oestrone or
cestriol fractions; when saponification was in¬
cluded, 22% was recovered in the oestradiol frac¬
tion and 8% was recovered as oestrone. These
figures fit exactly those found following the
administration of norethisterone and its esters.

They also agree with those of Langecker (1959)
who showed that ethynyloestradiol, on boiling
with alkali, is converted in 20 % yield to oestrone
with the liberation of acetylene. Therefore all
the evidence indicates that ethynyloestradiol is a
metabolite of norethisterone. Further experi¬
ments showed that ethynyloestradiol is not liber¬
ated by incubation with (3-glucuronidase and
phenolsulphatase (Patella vulgata) from the urine
of individuals receiving norethisterone although
it is liberated in increased yields (150% of acid
hydrolysis) when ethynyloestradiol itself is ad¬
ministered.

The amounts of ethynyloestradiol excreted per
day during the administration of ethynyloestradiol
and of norethisterone and its esters were calcu¬
lated from the urinary oestradiol and oestrone
values obtained following acid hydrolysis (Table
1). The results indicated that a dose of 12-30 mg

Table i

Compound
administered Patient

Dose
mg/day

Increase
in

urinary
oestrone

value
p.g/24 h
(sap.-

no sap.)

Calc.
excretion

of
ethynyl¬
cestradiol
p.g/24 h

Calc.
dose of
ethynyl¬
oestradiol
mg/day

Ethynyl¬
oestradiol . . A. B. 1 10 125 1

Norethisterone P. B.

Mc.

/20
\io

20

9
6
9

110
80

110

0-9
0-6
0-9

Norethisterone
acetate

D. M.

G. G.

12

12

7

13

90

160

0-7

1-3

Norethisterone
oenanthate .. E. D.

C. M.
80
30

50
13

620
160

5 0
1-3

norethisterone is converted in the body to
approximately 1 mg ethynyloestradiol, 12-5% of
which is recovered in the urine as ethynyl¬
oestradiol. While norethisterone has oestrogenic
properties, it does not appear to be as active in
this respect as these doses of ethynyloestradiol
would indicate. Possible explanations for this
might be that the conversion occurs in the liver
and little of the ethynyloestradiol reaches the
general circulation before it is excreted; or the
substance excreted in the urine is not ethynyl¬
oestradiol but is converted to it during acid
hydrolysis. However, the possibility that some
of the biological properties of norethisterone and
its esters, such as pituitary inhibition, might be
due to conversion in vivo to relatively large
amounts of a potent oestrogen should not be
overlooked.
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8 Proceedings of the Royal Society of Medicine
Observations on the Clinical Uses of Some New Progestational

Compounds [Abridged]
By G. Douglas Matthew, F.R.C.S.Ed., F.R.C.O.G.

Edinburgh
In obstetrics and gynaecology the suggested

indications for progesterone therapy include
arrest of endometrial bleeding, conversion of the
endometrium to a secretory phase in persistent
proliferative states or in amenorrhoea, pre¬
menstrual tension, dysmenorrhcea, threatened or
habitual abortion. To accomplish successful
results in these conditions several possible modes
of action can be postulated. The compound may
act directly upon the endometrium affecting the
bleeding mechanism or the cytological structure,
and these two aspects are not interdependent
because bleeding may be associated with any
histological state of the endometrium whether
normal or abnormal, whether proliferative or
secretory. Secondly, there may be a direct action
upon the pituitary with inhibition of gonado-
trophic secretion. Thirdly, there may be a direct
action upon the ovary, and lastly there may be
more remote systemic actions affecting the symp¬
toms of such conditions as premenstrual tension
in which the underlying aetiological factors have
not yet been determined.

There are two methods by which the value of
progestational preparations can be assessed—by
carefully controlled clinical trials, or by determin¬
ing the rationale of therapy by scientific research
or, more satisfactorily, by a combination of both.

The new progestational compounds can
certainly arrest endometrial bleeding by inducing
a "medical curettage", but this method seems to
have no particular advantage over that in which
cestrogens alone are used.

In amenorrhoea progestational compounds may
produce secretory changes in an oestrogen-
primed endometrium, but this response is not
constant and is presumably dependent upon the
dosage and the sensitivity of the target organ.
However, there seems no advantage in establish¬
ing cyclical secretory changes in such cases with¬
out evidence that ovarian function is influenced to
the extent of inducing a return to normal ovul¬
atory cycles. The conversion of a proliferative
to a secretory endometrium in cystic glandular
hyperplasia is of limited and temporary value
because there is no conclusive evidence that
cyclical therapy with progestational agents will
lead to ovulatory menstrual cycles.

It has been suggested that in infertility patients
progestational compounds may be of value in
correcting an inadequate luteal phase of the
menstrual cycle. In my experience, evidence of
deficient corpus luteum activity is found in 3%

of infertility patients, but only as an isolated
occurrence. Repeated biopsy in subsequent
cycles invariably shows a normal endometrium.
Thus, in these cases, there is no real indication for
such therapy and, as control is impossible, there
can be no proof, not even by a successful preg¬
nancy, that this treatment is of any value.

Being manifest largely by subjective pheno¬
mena, premenstrual tension is one of the most
difficult conditions in which to assess results of
therapy. If an altered oestrogen/progesterone
ratio is an aetiological factor, there may well be a
place for treatment by the progestational agents
but it would be reasonable to suppose that added
oestrogen or oestrogen conversion should vitiate
results. Dysmenorrhcea is associated with the
same difficulties as premenstrual tension in
assessing the results of treatment. The totally
unphysiological procedure of suppressing ovula¬
tion by these or other drugs is hardly a justifiable
means of dealing with this or any other gynaeco¬
logical condition.

It will be difficult to establish that these com¬

pounds play any part in preventing abortion.
Animal experiments do not support this conten¬
tion and masculinizing effects upon the female
foetus suggest that more harm than good may
sometimes result from their early and long-
continued use.

The use of progestational compounds in
clinical practice is confused and the preliminary
results of research into their action have done
nothing to clarify the position. These agents are
having an effect upon the endometrium; they
also suppress ovarian function if given during the
menstrual cycle. What is not clear is their mode
of action. Broadly speaking these compounds
may be divided into two groups—those with, and
those without, (estrogenic activity. To date, most
research work has been concerned with the former
group and it is impossible to assess to what extent
their effect is due to the (estrogenic element,
particularly in regard to pituitary suppression.
Before recommending wide clinical use of these
preparations their precise mode of action should
be determined. In further research and clinical
trials, unnecessary confusion which arises from
using preparations known to have (estrogenic
activity, either through added oestrogen or
oestrogen conversion, should be avoided and, in
the first instance, only compounds without an
(Estrogenic element but of proven progestational
activity should be studied.
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METABOLIC DEMETHYLATION OF OESTROGEN
METHYL ETHERS

J. B. BROWN

Clinical Endocrinology Research Unit (Medical Research Council),
University of Edinburgh

{Received 22 January 1962)

Interest in methoxylated oestrogens has been stimulated by the discovery of
2-methoxyoestrone and 2-methoxyoestriol in human urine (Kraychy & Gallagher,
1957; Fishman & Gallagher, 1958; Loke & Marrian, 1958). Furthermore, the 3-
methyl ether of 17a-ethinyloestradiol is widely used as a potent oral oestrogen. The
question arises whether the oestrogen methyl ethers can be demethylated in vivo to
the parent phenols. To test this possibility, the 3-methyl ethers of oestrone, oestradiol
and oestriol have been administered to human subjects, and the resulting outputs
of oestrone, oestradiol and oestriol and of their methyl ethers in the urine have been
measured.

EXPERIMENTAL PROCEDURES

The methyl ethers were purified by chromatography on alumina and recrystalliza-
tion from ethanol. Their melting points (uncorrected) were: oestrone methyl ether
172° c; oestradiol methyl ether 97-98° c, 117-118° c; oestriol methyl ether 148-
154° c. The pure compounds were dissolved in olive oil (2-5 mg./ml. for oestrone and
oestradiol methyl ethers, TO mg./ml. for oestriol methyl ether) and sterilized by
heating at 160° c for 20 min. Analyses of these solutions in oil showed < 2 /xg./ml.
of unmethylated oestrogen.

The subjects were patients in hospital without any obvious endocrine disorders.
Complete urine collections were made for 4 days before and 6 days after a single
intramuscular injection of the oestrogen methyl ether, the completeness of the
collection being checked by creatinine determinations. The urines were assayed for
oestrone, oestradiol and oestriol by the method of Brown, Bulbrook & Greenwood
(1957) using hot acid hydrolysis. The neutral fractions from these assays were
analysed for oestrone and oestriol methyl ethers by alumina chromatography and
the Kober colour reaction; similar analyses for oestradiol methyl ether were invali¬
dated by the impurities present.

RESULTS

The results, uncorrected for losses occurring in the assay method, are summarized
in Table 1, and in one case, 'M.B.', are compared with those following the administra¬
tion of oestradiol. Demethylation was appreciable in all cases. When oestrone or
oestradiol methyl ether was administered, the proportions of oestrone, oestradiol
and oestriol recovered in the urine were the same as if oestrone or oestradiol had
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been injected, but the yields were approximately one half (for comparison see Brown,
1957, 1958): only traces of the methylated oestrogens could be recovered from the
urine. When oestriol methyl ether was administered, the yield of oestriol was only
one tenth to one hundredth that expected from an equivalent dose of oestriol, and,
as with oestriol, there was no conversion to oestrone and oestradiol. However,
considerable amounts of the oestriol methyl ether were recovered as such from the
urine.

Table 1. Yields of urinary oestrogens from administered oestrogen methyl ethers
(Figures in parentheses are yields of methyl ethers measured in the neutral fraction.)

Yield as % of dose administered

Compound and dose administered
(mg.) Subject Age

119-2 I.S. 67
Oestrone methyl ether | 2-5 I.W. 78

I 2-5 M.B. 52

Oestradiol 2-5 M.B. 52

Oestradiol methyl ether

Oestriol methyl ether

Oestra¬
Sex Oestrone diol Oestriol Total

F. 1-2 (Nil) 0-4 8-3 (Nil) 9-9
F. 1-3 0-3 7-4 9-0
F. 0-7 (0-1) Nil 3-7 (Nil) 4-4

F. 1-4 1-1 6-2 8-7

M. 3-0 (0-2) 0-9 7-2 (0-2) 11-1
F. 0-9 (0-4) 0-3 2-5 (0-2) 3-7

M. Nil (Nil) Nil 5-9 (14-7) 5-9
F. Nil (Nil) Nil 0-5 (8-7) 0-5

J.S. 45
M.M. 71

T.E. 40
C.D. 46

The demethylated oestrogens were excreted in the urine more slowly than if the
oestrogens themselves had been given, the time of maximum elimination being
delayed by approximately 24 hr. However, elimination as the methylated oestrogens
was prompt. Demethylation is therefore a retarding factor in the elimination of the
oestrogen methyl ethers as the unmethylated oestrogens, and this delay probably
favours alternative metabolic pathways, thus accounting for the lower recoveries.
Since demethylation is appreciable, 2-hydroxyoestrone which has recently been
identified in human urine (Fishman, Cox & Gallagher, 1960) could just as well be
a demethylation product of 2-methoxyoestrone as an intermediate in its biosyn¬
thesis ; and, similarly, the oestrogenic activity of 17oc-ethinyloestradiol-3-methyl ether
could be due to its demethylation product 17oc-ethinyloestradiol.

I wish to thank Dr G. F. Marrian for his interest in this work, and also the
patients who agreed to the study, and Dr J. A. Strong who made the appropriate
clinical arrangements.
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The pattern of estrogen metabolism in human pregnancy
differs materially from that of the nonpregnant woman in that
estrogen production is very great and the output of estriol is dis¬
proportionately increased with respect to the other metabolites
(1). To obtain information about this latter alteration, the fate
of estradiol has been studied in both pregnant and nonpregnant
women. It was found that to all purposes the exogenous hor¬
mone was metabolized indistinguishably by the two groups of
women. Estimates of the daily endogenous production of es¬

tradiol*,1 i.e. "the secretion rate" (4) were obtained in five preg¬
nant subjects from the specific activity of the urinary metabolites,
estrone, estradiol, and estriol, and compared with the results
obtained in a normal young woman after the administration of a

very small amount of estradiol-17/3 labeled with tritium. In the
normal young woman the daily secretion rate was similar when
calculated from any one of these three metabolites. In the
pregnant subjects, although the secretion rates calculated from
estrone and estradiol were in good agreement, that calculated
from estriol was very considerably greater. The implications of
these findings are discussed.

EXPERIMENTAL PROCEDURE

The injections of radioactive estradiol2 dissolved in propylene
glycol were made intravenously from a weighed syringe within 3
minutes. Complete urine collections, judged by the constancy
of creatinine excretion, were obtained for the various times noted.
The urine samples were refrigerated until the collection was

completed and then processed immediately thereafter. Incuba¬
tion with /3-glucuronidase3 at 37° for 5 days, followed by continu¬
ous extraction with ether for 48 hours, yielded the initial crude

* This investigation was supported in part by a grant from
the American Cancer Society and a research grant (CY-3207)
from the National Cancer Institute of the National Institutes
of Health, United States Public Health Service.

1 The designation estradiol* is used to signify either estradiol-
17/3 or estrone or both; it is employed to indicate imprecise knowl¬
edge of the secretory product (s) of ovary and placenta. From
previously reported results (2, 3) each hormone undergoes exactly
the same metabolism and therefore it is immaterial which estro¬
gen, or even a mixture of the two, is actually secreted.

2 Estradiol-16-C14, with a specific activity of 2.7 pc per mg, was
obtained from Charles E. Frosst and Company, Montreal. Estra¬
diols,7-H3 was a gift from Dr. Marcel Gut of the Worcester
Foundation for Experimental Biology to whom we express our
best thanks. Both substances were at least 96% homogeneous
by several criteria.

3 Known as Ketodase and obtained from the Warner-Chilcott
Laboratories, a division of Warner-Lambert Pharmaceutical
Company.

extract. This was washed with 9% sodium bicarbonate solu¬
tion saturated with sodium chloride. The ether was removed
and a portion of the extract was processed by the method of
Brown, Bulbrook, and Greenwood (5). After separation of the
methyl ethers by chromatography, a portion of each metabolite
was measured by the Kober reaction and a separate portion was
counted for C14 and H3.

In the series of normal, nongravid young women who received
estradiol-16-C14, the percentage of the total radioactivity in each
metabolite was measured after countercurrent distribution from
the radioactivity in the peak tube (3). This method was also
used alternatively with pregnant Subject L. N. It has been
shown that these methods give concordant results (6).

It should be noted, however, that each of the methods em¬

ployed requires modification under some circumstances. Thus,
in the method of Brown et at. (5), 2-methoxyestrone is completely
methylated and moves with estradiol methyl ether in the chro¬
matographic separation.4 However, 2,3-dimethoxy-A1'3'5(10)-
estratrien-17-one5 gives an atypical color in the Kober
reaction with an absorption maximum at 550 nip as compared
with an absorption maximum at 518 to 520 m/i for estradiol
methyl ether (7). The weight contribution of this compound is
completely removed from estradiol by measuring at the wave

lengths 480, 520, and 560 mp and applying the Allen correction
(8). However, the radioactivity contribution must be estimated
by alternative methods. Three of these were used. The op¬
tical density of the Kober chromogen was measured at 480, 500,
520, 550, 560, and 600 mp. By applying the Allen correction to
the values at 480, 520, and 560 mp, the amount of estradiol
methyl ether present was obtained. The contribution of this
calculated amount of estradiol methyl ether to the observed op¬
tical densities at 500, 550, and 600 mp was estimated. Sub¬
traction gave the contribution of the 2,3-DME at these wave

lengths, and application of the Allen formula gave the amount of
2,3-DME present. When this procedure was applied to the
"estradiol methyl ether" of Subject W. S., it was found that 651
pg of 2,3-DME, calculated to the total collection, were present
together with 720 pg of estradiol methyl ether.6 The "estradiol
methyl ether" from this subject was also separated into ketonic
and nonketonic portions by means of Girard's Reagent T. The
nonketonic fraction had 52% of the total radioactivity in sub¬
stantial agreement with the results of the optical method. Fi¬
nally, a portion of the "estradiol methyl ether" was chromato-

4 J. B. Brown, unpublished observations.
5 The abbreviation used is: 2,3-DME, 2,3-dimethoxy-A1'3'5(10)-

estratrien-17-one.
6 Weights expressed as the respective free estrogens.
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Fig. 1. Vapor phase chromatographic separation of "estradiol
methyl ether" fraction of Subject W. S.

graphed at 234° on a column of 3% SE 30.7 The separation
obtained is shown in Fig. 1. Peak 2 corresponded precisely with
authentic estradiol-3-methyl ether, whereas Peak 3 corresponded
precisely with 2,3-DME. From a calibration curve of known
quantities of the two estrogen derivatives, using the half-band
width to measure the area encompassed by the peaks, it was
found that there was 700 fig of estradiol-3-methyl ether and 650
fig of 2,3-DME, calculated to the total extract. The nature of
Peak 1 is unknown but it is presumably not a metabolite of
estradiol since the radioactivity was completely accounted for by
the other two peaks. The estrone methyl ether and estriol
monomethyl ether showed only a single, discrete peak on vapor

phase chromatography; these corresponded precisely with the
respective authentic compounds.

Since three methods were in good agreement and showed that
2,3-DME had the same specific activity as estradiol, the extracts
from the other patients were corrected for the presence of
2,3-DME in estradiol by the optical method. Subject W. S. was

exceptional in that the amount of 2,3-DME was very nearly
equal to that of estradiol; the other patients ranged from un-
measurable amounts to 30% of the estradiol. Both the radio¬
activity and the weight recorded for estradiol are corrected for
the presence of 2,3-DME. The correction had little effect on
the results with the exception of Subject W. S.

2-Hydroxyestrone has the same distribution coefficient as es¬
tradiol in the countercurrent system used and the two metabo¬
lites cannot be separated in this way. Therefore, the material
in the "estradiol" fraction (Tubes 57 to 78 in system: ethyl
acetate, cyclohexane, ethanol, and water, 1:1:1:1 after 100
transfers) was separated into ketonic and nonketonic fractions
by means of Girard's Reagent T and only the nonketonic radio¬
activity was reported as estradiol. Contamination of the estrone

7 Obtained from General Electric Company, Silicone Products
Department, Waterford, New York.

0 2 4 6 8
DAYS

Fig. 2. Cumulative excretion of radioactivity after estradiol.

and estriol peaks by other estrogen metabolites after counter-
current distribution is negligible.

Counting of C14 was carried out on a windowless automatic
gas flow counter. Particular care was exercised in plating the
samples to prevent overheating. This was accomplished by re¬
moving the heat source before complete dryness was achieved and
allowing the last traces of solvent to evaporate at room tempera¬
ture. Tritium was counted on a Packard Tri-Carb liquid scin¬
tillation spectrometer. In both methods, sufficient counts were
obtained to give a statistical error of ±5%.

results

It was necessary to establish the number of days of collection
after estradiol administration that would suffice for valid esti¬
mates of secretion rate. For this purpose, two relatively long
term urine collections after the administration of radioactive
estradiol were obtained, one in a pregnant woman near term and
the other in a normal, nongravid subject. In the pregnant
woman, estradiol-16-C14 was employed, whereas the same hor¬
mone labeled with tritium was used with the normal woman.

Fig. 2 shows the cumulative excretion of radioactivity in these
two women for 7 and 8 days after hormone administration.
Examination of the curves makes it evident that collection be¬
yond the third or fourth day contributed so little metabolites to
the total that a collection for this period of time should be ade¬
quate. Accordingly, in the subsequent studies urine collections
were obtained for either 3 or 4 days after administration and the
results completely confirmed the conclusions drawn from these
two experiments.

The results8 with the pregnant subjects are presented in
Tables I to VI. All experiments in the pregnant women show
secretory rates calculated from estriol far greater than those cal¬
culated from either estradiol or estrone; however, the secretory
rates from the last two products were in close agreement.

The fate of a tracer dose of estradiol, approximately 1 fig, was
studied in a normal, nongravid young woman by use of the
tritium-labeled hormone. The result of this study over a period
of 8 days is recorded in Table VI. The values of specific activity

8 Values of specific activity, except for estriol, and secretion
rates have been rounded to the nearest whole number in all tables.
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differ somewhat, with estradiol showing the greatest difference.
In a study such as this, the errors involved in the measurement
of the small quantity of endogenous hormone by the method of
Brown et al. (5), particularly estradiol at a level of 1.6 yug per 24
hours, are considerably greater than in the studies of hormone
production in pregnancy.

Further, it is possible that a portion of the estradiol-6,7-H3
was excreted before mixing with the body pool (9). If this were
the fact, it can be calculated from the specific activity of estriol
that 2.5% of the dose of radioactive estradiol escaped in this
way. Since the endogenous production of estradiol was very
small, the specific activity is changed greatly by the addition of
1.45 X 105 c.p.m. to the 13 jug of estradiol. It is also possible
that 2,3-DME derived from either 2-hydroxyestrone or 2-
methoxyestrone or both was present as a contaminant in the
estradiol methyl ether since the small amount of material pre¬
cluded optical correction for this compound. The weight of this
contaminant would be eliminated by the Allen correction in the
Kober analysis, but the radioactivity would, of course, then
increase the specific activity of estradiol. This was found with
Subject W. S. so that the possibility cannot be neglected.

The secretion rate calculated from estriol, for purely technical
reasons, is considered the closest approximation to the true
secretory rate. There is no indication from these results in the
normal young woman of the wide discrepancy, that was so evi¬
dent with the pregnant women, between the estimates from
estrone and estradiol, on the one hand, and estriol on the other.

In Table VII the results are shown for a series of normal,
nongravid young women who received approximately 0.5 mg of
labeled estradiol. The values reported were obtained by
countercurrent distribution followed by Girard separation of the
material in tubes containing estradiol. These should be com¬

pared with the results in Table VIII in which is shown the fate
of radioactive estradiol administered to pregnant women. The
figures in Tables VII and VIII represent only the radioactive
products without regard to the endogenous steroid production.
It is noteworthy that the fate of estradiol was very similar in
both groups. There is an apparent difference in the amount of
estradiol radioactivity excreted by the pregnant women which
was about one-half that found in the nonpregnant group. Apart
from this difference, however, it is evident that the fate of an

intravenously administered hormone in both the pregnant as
well as the nonpregnant women was virtually indistinguishable.

DISCUSSION

Two findings are particularly noteworthy from this study.
First, the metabolism of an intravenously administered dose of
estradiol was virtually the same in normal, nongravid women and
during the third trimester of pregnancy. This is similar to the
results obtained by Pearlman, Pearlman, and Rakoff (10) who
studied the fate of massive doses of 6,7-d2-estrone acetate given
intramuscularly in divided doses to three pregnant women, and
compared the recovery of metabolites with that found in men

similarly treated in a prior study (11). Second, "secretion
rates" in pregnant women clearly indicate that endogenous
estriol is produced in some way that cannot be studied from the
fate of administered estradiol. It follows that much of the
estriol of pregnancy is (a) not produced from estradiol*, (b) is
made from estradiol* in a compartment which exogenous estra¬
diol* cannot readily enter, or both (a) and (b) operate.

With respect to the first conclusion it is evident that all of

Table 1

Subject W. S. (age 26; 6th month of pregnancy). Eslradiol-I6-Cli;
1.62 X 106 c.p.m. administered intravenously

Counts ex¬

creted® X 10~3
Per cent

hydrolysis

Estrone Estradiol Estriol

c.p.m.
x io-» mg c.p.m.

X 10"' mg
c.p.m.
X 10-' mg

923 63.5 111 3.7 21 0.72 97 39.2

Average specific ac¬

tivity6 30 30 2.5

Secretion rate6 8 8 93

a Seven-day urine collection; fecal excretion 358,000 c.p.m.,
21.9% of dose.

b Counts per minute per pg.
c Milligrams per day.

the dynamics of transport and metabolism of exogenous estrogen
were very similar in the normal and pregnant state. Thus, the
total amount of radioactivity excreted per day and the type of
conjugation as evidenced by the agreement in hydrolysis, as
well as the amount of the three metabolites of the administered
hormone, were alike in both conditions. This parallelism be¬
tween pregnant and nonpregnant women must reflect an essen¬

tially identical mechanism for the transformation and disposal
of exogenously administered estrogen.

The difference between the two groups of women is the presence
of a placenta and fetus in one and the absence of these com¬

ponents in the other. The manner in which these new struc¬
tures may influence estrogen metabolism merits comment. It
is possible that the placenta produced all of the estrogens studied
in approximately the ratio these compounds were found in urine.
This would imply that a new biosynthetic route for the produc¬
tion of estriol came into operation at the time this end product
disproportionately increased in the maternal urine. There is
evidence to support this, since Ryan (12) has described enzyme
systems from placenta that make estriol from three different
16a-hydroxylated neutral steroids. The best substrate for the
conversion was 16a-hydroxy-A4-androstene-3,17-dione. Quite
recently, Neher and Stark (13) have identified 16a-hydroxy-
testosterone in extracts of human placenta at the level of 35 pg
per kg; indeed, of the steroids examined, this was the most abun¬
dant product. Since both enzyme and substrate are available,
there is a sound experimental basis for the production of estriol
from a nonaromatic steroid. If this biosynthetic route functions
as a physiological mechanism, the results of the studies described
are readily explained. There would be no possibility for the
exogenous estradiol to mix with the neutral 16or-hydroxylated
precursor of estriol. Therefore, whatever quantity of estriol
was made in this way would simply lower the specific activity
of the portion derived from C14-estradiol.

If the explanation advanced is accepted, the 16a-hydroxy
neutral steroid contributes more than 10 mg of estriol per day
to the already elevated estrogen production of pregnancy. For
many reasons this is surely a minimal estimate. Therefore,
there must be a specialized need for estriol in pregnancy, as

suggested by Hisaw, Velardo, and Goolsby (14), and the implica¬
tions of these facts are clearly important.

Together with the great increase in estriol there is increased



Table II

Subject R. N. (age 19; 9th month of pregnancy). Estradiol-16-C14; 1.85 X 106 c.p.m. administered intravenously

Day
Counts

excreted0
X 10-3

Per cent
hydrolysis

Estrone Estradiol Estriol

c.p.m. X
10"' mg per day Specific

activity"
c.p.m. X

10"' mg per day Specific
activity

c.p.m. X
10-3 mg per day Specific

activity

1

2

3

835
39
17

52
49

64

25
3
2

0.20
0.20
0.28

125
15

6

15
2

1

0.13
0.13
0.15

115
15

7

63
3
2

8.80
7.80

11.00

7
0.4
0.2

Total 891 30 0.68 18 0.41 68 27.60

Average 52 44 44 2.5

Secretion rate0 14 14 247

" Fecal excretion 28,000 c.p.m.; 1.5% of dose.
b Counts per minute per pg.
c Milligrams per day.

Table III

Subject R. Z. (age 19; 8th month of pregnancy). Estradiol-16-C14; 1.61 X 10e c.p.m. administered intravenously

Day
Counts

excreted"
X 10"'

Per cent

hydrolysis

Estrone Estradiol Estriol

c.p.m. X
10"' mg per day Specific

activity
c.p.m. X

10"' mg per day Specific
activity

c.p.m.
X 10"' mg per day Specific

activity

1

2

3

586
271

69

58
61
54

82

37
2

0.60

1.05
0.62

137
35

3

22

8
1

0.18
0.28

0.19

122

29
5

42

25
9

9.50
10.25
9.70

4

2

1

Total 926 121 2.27 31 0.65 76 29.45

Average 59 53 48 2.6

Secretion rate0 10 11 210

° Fecal excretion 55,000 c.p.m.; 3.3% of dose.
b Counts per minute per pg.
0 Milligrams per day.

Table IV

Subject L. N. (age 30; 7th month of pregnancy). Estradiol-16-C14 2.58 X 10s c.p.m. administered intravenously

Estrone Estradiol Estriol

Day
Counts
excreted
X 10-'

Per cent
hydrolysis

mg per
day

Specific activity"
mg per

day

Specific activity
mg per

day

Specific activity

Methyl ether'-1 Counter-
current0 Methyl ether Counter-

current" Methyl ether
Counter-
current0

1

2

3
4

1,090
506
242

119

62

90
89

92

0.82
0.71
0.70
0.80

99

39
13
4

167
62

17
6

0.34
0.34
0.31
0.33

129

56
26
12

147

53
19
15

8.75
8.20

7.90
8.00

14

16
10

5

12

16
9
6

Total.... 1,957 3.03 1.32 32.85

Aver¬

age 40 65 57 60 12 11

Secretion 16 10 11 11 56 59

° Counts per minute per pg.
6 The lower specific activity values of estrone when measured by the methyl ether method are ascribed to losses due to the volatility

of estrone methyl ether. These may have occurred when solutions which had been assayed by the Kober reaction were heated while
being evaporated under nitrogen before shipment between the laboratories and before counting. This practice was not used in other
cases.

° Calculated from the radioactivity in peak tube.
" Calculated from the total counts of the estradiol area after countercurrent distribution and separation of the nonketonic fraction

with Girard's Reagent T.
* Milligrams per day.

1492
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production of estradiol* by the placenta. In late pregnancy
this is approximately 100-fold the daily normal ovarian produc¬
tion during the menstrual cycle and must arise from a precursor
with at most two oxygen atoms. Therefore, it can be reasonably
inferred that the placenta secretes estriol and estradiol* into
both maternal and fetal compartments. In the maternal com¬
partment, the exogenous C14-estradiol could mix indistinguish-
ably with estradiol* and be metabolized quite as it is in the
nonpregnant woman. In the fetal compartment, the situation
is more complex.

It is known, especially from the studies of Diczfalusy et al.
(15), that the placenta and fetus have the capacity to transform
estrone or estradiol to estriol. Engel, Baggett, and Halla (16)
have shown that fetal liver can convert estradiol to estriol.
Further, the major, if not the sole, estrogen found in the meco¬
nium of the new-born is estriol (17, 18). It is a reasonable pre¬
sumption, therefore, that the estradiol* secreted and metabolized
within the fetal compartment can be very extensively trans¬
formed to estriol. This metabolite, from the studies of Levitz
et al. (19) and Diczfalusy et al. (20), is probably conjugated and
excreted into the maternal circulation. If the CI4-estradiol
cannot readily pass the placenta, there would be an additional
source of unlabeled estriol to lower the specific activity of that
produced in the maternal compartment. The important prob-

Table V

Subject B. E. (age 26; 9th month of pregnancy). Estradiol-16-Cu;
2.27 X tO6 c.p.m. administered intravenously

Counts
excreted"
X 10-3

Per cent
hydrolysis

Estrone Estradiol Estriol

c.p.m.
X 10-3 mg

c.p.m.
X 10"' mg

c.p.m.
X 10-s mg

1,212 63 119 1.32 49 0 56 171 63.2

Average specific
activity6 90 87 2.7

Secretion rate". .. 6 7 210

" Four day urine collection; fecal excretion 302,000 c.p.m.,
13.3% of dose..

6 Counts per minute per jug.
c Milligrams per day.

Table VI

Subject M. H. (age 29; normal, nonpregnant). Estradiol 7-H3;
5.82 X 106 c.p.m. (about 1 gg) administered intravenously

Counts
excreted0

X 10"'

Per cent
hydrolysis

Estrone Estradiol Estriol

c.p.m.
X 10-3 gg c.p.m.

X 10-5 gg
c.p.m.
x 10-5 gg

2,428 62 270 36 212 13 262 50

Average specific
activity6 7,500 16,300 5,200

Secretion rate0. .. 97 45 140

" Eight-day urine collection.
6 Counts per minute per gg.
c Micrograms per day.

Table VII

Conversion of estradiol to metabolites by nonpregnant women"

Subject Age Day of
cycle

Per cent of enzyme hydrolysate

Estrone Estradiol Estriol Total

B. S. 28 15 12 25 52
W. N. 23 21 12 14 47
M. H.6 29 17 11 9 11 31
P. S. 31 18 18 17 21 56
C. U. 23 19 17 11 21 49
L. U. 25 18 16 15 13 44

S. N. 30 9 25 14 13 52

18 13 17

" These women all had normal menstrual cycles and, as far as
could be ascertained, normal liver and endocrine function.

6 Eight-day collection; other subjects, 3-day collections.

Table VIII

Conversion of estradiol to metabolites by pregnant women

Days
Per cent of enzyme hydrolysate

Subject
Estrone Estradiol Estriol Total

It. z. 3 22 8 14 44
It. N. 3 7 4 15 26
B. E. 4 16 7 23 46
L. N. 4 8 6 26 40
W. S. 7 19 4 14 37

Average 14 6 18

lem remains to establish what contribution each of the con¬

sidered metabolic routes makes to the total estriol production.
The estrone and estradiol which reached the maternal com¬

partment after fetal transformation was either in the same rela¬
tive proportion, estradiol to estrone, as that formed in the
maternal compartment or was further transformed by the
mother's tissues so that the specific activity of each was identical.
It would probably be immaterial whether estrone and estradiol
from the fetal compartment were conjugated or not since Twom-
bly and Levitz (21) have shown that estrone sulfate can be
cleaved, undergo biochemical transformation, and be recon-

jugated in vivo. Roberts, VandeWiele, and Lieberman (22) and
Kellie (23) have made the same observations with conjugates of
neutral hormones. Therefore, there is a good explanation for
the experimental finding that excreted estrone and estradiol had
virtually identical specific activities.

SUMMARY

The fate of intravenously administered estradiol-17j8 was
studied in normal, nongravid and in pregnant women. As
judged by the metabolites estrone, estradiol, and estriol, there
was little difference between the two conditions. Estimates of
the daily endogenous production of precursor hormone were
made from the specific activity of the urinary metabolites. In
the normal woman each of the metabolites studied yielded
comparable estimates of daily production of precursor; in preg¬

nancy the estimates based on estrone and estradiol were con¬
cordant but were at considerable variance from that based on
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estriol. Therefore, the metabolism of estriol in pregnancy
differs from that in the normal woman. It is suggested that
two processes operate to produce a high level of estriol. These
are (a) placental biosynthesis from a 16a-hydroxylated neutral
steroid and (6) fetal transformation of estradiol and estrone to
estriol.
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Oestrogen metabolism and excretion in liver disease
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editorial synopsis Raised urinary oestrogen excretion was noted in 16 men and women with
liver disease. The study suggests that the increased output of urinary oestrogens was usually due to
increased secretion rates of the primary oestrogenic hormones rather than to impaired oestrogen
metabolism by the liver.

Numerous workers have reported a raised output of
urinary oestrogens in men and women with various
types of liver disease. Glass, Edmonson, and Soil
(1940), Rupp, Cantarow, Rakoff, and Paschkis
(1951), Pincus, Rakoff, Cohen, and Tumen (1951),
and Dohan, Richardson, Bluemle, and Gyorgy
(1952), using bioassay methods, all found in approxi¬
mately 48% of the patients studied values which
usually were less than twice the normal maximum
but occasionally were as high as seven times the
normal. Later workers, using colorimetric measure¬
ments, have investigated a smaller number of
patients and have found raised values in only
approximately 20% of the cases, and no value has
exceeded twice the normal maximum (Cameron,
1957; Lyngbye and Mogensen, 1961). This raised
output has been attributed to impaired metabolism
by the diseased liver but evidence for this concept
has been conflicting. Glass, Edmonson, and Soil
(1944) administered oestrone and oestradiol to three
patients with liver disease and recovered 83-86% of
the biological activity of the administered dose in the
urine whereas values of 10% would have been
expected for normal individuals. On the other hand,
Dohan et al. (1952) and Cameron (1957) measured
endogenous urinary oestriol, oestrone, and oestradiol
separately and found that the major urinary
oestrogen in liver disease is often oestriol, which is
the least biologically active of the three. After the
administration of oestrone, oestradiol, or their
esters to patients with liver disease, Stoa, Bassoe, and
Emberland (1958), in a study of five cases, found a
decreased recovery as the three oestrogens in two
and an increased recovery in one, and Lyngbye and
'Present address: Royal Women's Hospital, Melbourne, Australia.
2Present address: Department of Obstetrics, Charing Cross Hospital

Medical School, London.

Mogensen (1961) in five cases found normal overall
recoveries but in two the recovery as oestradiol was
increased at the expense of the oestriol. The meta¬
bolic pattern described by the different workers has
therefore not been consistent.

During the past five years we have had the
opportunity of studying oestrogen output and
metabolism in a group of patients with various types
of liver disease. Although the results in general
conform with those already reported, two patients
with particularly high oestrogen outputs were
encountered, and these are presented with our
general findings, since similar values have not
previously been reported using chemical assay
methods.

the investigation

oestrogen measurement The urinary excretion of
oestriol, oestrone, and oestradiol was measured by the
method of Brown (1955) as modified by Brown, Bulbrook,
and Greenwood (1957). The urine specimens from
London were collected in polythene bottles, deep frozen,
packed in straw, and despatched to Edinburgh for assay.

The endogenous oestrogen output was measured on
at least two 24- or 48-hour urine collections. Metabolic
experiments were performed by administering oestradiol,
2-5 mg. intramuscularly in olive oil, and determining the
increased output of urinary oestriol, oestrone, and
oestradiol during the next six consecutive days. The
results of these measurements are summarized in the
Table. No correction was made for losses of oestrogens
occurring in the assay procedure.
patients Studies were made on 13 men and three
women with liver disease. Their age, sex, and type and
severity of liver disease are listed in the Table. Stigmata
of chronic liver disease (clubbing of the fingers, spider
naevi, and palmar erythema) were noted in cases 1, 8, 10,
11, and 12. Endocrine changes were also observed as
follows: gynaecomastia (cases 1 and 4), testicular atrophy
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Age

TABLE
URINARY OUTPUT OF ENDOGENOUS OESTROGENS AND RECOVERY OF ADMINISTERED

OESTRADIOL IN PATIENTS WITH LIVER DISEASE

Clinical Particulars Biliuria Endogenous Oestrogens Exogenous Oestrogens
([j.g.124 hr. urine) (% of dose recovered)

Oestriol Oestrone Oestradiol Total Oestriol Oestrone Oestradiol Total

Alcoholic cirrhosis
40 M Terminal Day 1 326 55 15 396

Day 2 + 103 13-6 5-6 122
57 M Severe, Nov. 1960 + 2-6 3-2 0 5-8

Deteriorating, Feb. 1961 + 5-7 2-2 1-7 9-6
Deteriorating, Nov. 1961 + 3-8 2-9 1-6 8-3

65 F Terminal studied after
portocaval shunt + 6-8 15-8 0-9 23-5

53 M Mild — 14-5 2-2 1 16 71 19-0 1-9 0-8 21-7
61 M Mild — 18 5 1-9 i 20-41 1 1-1 1-0 1-4 13-5
52 M Mild - 18 6 3-0 1-3 22-9 6-7 2-8 1-5 11-0

Post-hepatitic cirrhosis
35 M Severe, Oct. 1957 + 19-7 10 8 1-8 32-3 9-8 7-2 3-7 20-7

Terminal, Feb. 1958 + 1-6 57-6 7-5 66-7
47 M Severe 14-7 6-1 0-4 21-2
39 F Severe 100 8-8 0-9 19 7 4-3 5-6 2-3 12-2

Cryptogenic cirrhosis
44 M Severe 18-5 3-6 0 3 22-4 9-4 1-5 1-2 12-1
48 M Moderate, hepatoma 6-6 8-7 2-5 17-8 3-6 4-0 2-2 9-8
67 M Moderate 11-2 4-1 0-7 16-0 2-5 1-1 0-6 4-2
53 M Mild - 9-5 3-4 0 3 13-2 15-6 4-3 2-9 22-8

50 M Carcinomatosis of liver + 33-7 3-2 1-7 38-6

Obstructive jaundice
60 F Carcinoma of pancreas + 3-4 2-1 1 5-51
64 M Stone with biliary cirrhosis -j_ 10-2 3-1 1 13-31

irmal Values
en (24)2 (Ginsburg and Brown, 1961) Range

Mean±S.D.
1-9-1 11 2-8-7-9
4-7±2-7 5-1 ± 1 -4

>st-menopausal women (10) (Brown, Kellar,
d Matthew (1959) Range

Mean
2-2-7-5
3-9

0-3-2-4
1-3

0-2-8
1-3±0-7

0-1-4
0-3

7-2-19-6
11-1 ±3-1

3-2-9-0
5-5

en and post-menopausal women (6)
rown, 1957) Range

Mean
4-3-11-5
70

3-3-9 0
6-6

ild = no clinical manifestations of liver disease, diagnosis made by liver biopsy,
oderate = clinical evidence for liver disease but without severe complications.
vere severe complications of liver disease, including portal hypertension, ascites, and neuro-psychiatric manifestations,
xminal dying within one week with severe complications but not comatosed at the time of study.

nplies interference in the oestradiol measurements.
[o. of cases.

i 1-3:
2-4

9-0-23-0
16-0

(cases 4, 5, and 7), and amenorrhoea (case 9). Bio¬
chemical tests of liver function were performed in many
instances and the results in general confirmed the
diagnosis made on clinical and histological evidence.
Further details of the two patients with particularly
abnormal values for urinary oestrogens were as follows.

Case 1 This man was a chronic alcoholic. Evidence of
cirrhosis of the liver was noted in 1953 at the age of 36
years. Right gynaecomastia was observed in 1956, and in
1957 he was admitted in impending hepatic failure with
jaundice, haematemesis, oedema, ascites, neuro-
psychiatric manifestations, clubbing of the fingers, and
spider naevi. He was treated by splenectomy on 19
September 1957, and later required a laparotomy for
obstruction and peritonitis on 24 September. Urines
were collected for assay on 28 and 29 September. He
lapsed into hepatic coma and died on 2 October.

Case 7 This man contracted infectious hepatitis in
1944 at the age of 22 years. This was followed by slowly

progressive cirrhosis with fluctuating jaundice and
oedema. In October 1957, when the first study was made,
the patient was suffering from jaundice (serum bilirubin
2-4 mg. %), oedema, and neuro-psychiatric manifestations.
He deterioriated rapidly and in February 1958, when the
second study was made, he was deeply jaundiced (serum
bilirubin 27-5 mg. %). He lapsed into coma two days
after the study and died two days after this. At necropsy,
the liver showed gross post-necrotic cirrhosis, the testes
showed diminished spermatogenesis but the pituitary,
adrenals, thyroid, and prostate appeared normal.

RESULTS

The results of the investigation are summarized in
the Table. In some patients there was interference in
the oestradiol measurements as indicated by
negative values following spectrophotometric

5
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correction, and in these cases the true 'total'
figures were probably slightly higher than those given.

Grossly abnormal oestrogen figures were found in
the two patients, cases 1 and 7. Case 1 was excreting
twenty times the normal maximum on the second
day; in both instances the output of all three
oestrogens was elevated and oestriol was the major
oestrogen. Case 7, in October 1957, had a moderately
increased total output, and oestriol was the major
oestrogen; the recovery of administered oestradiol
was normal, the ratios of the three oestrogens
recovered resembling those of the endogenous
output. In February 1958, the total excretion had
increased to more than three times the normal

maximum, and, of this, the major portion was
oestrone with practically no oestriol. Of the remain¬
ing 14 patients, seven (cases 3, 5, 6, 8, 9, 10, 14) were
excreting 'total' amounts of oestrogens which were
one to two times the maximum figures found in
normal men and post-menopausal women. In six of
these the increase was mainly in the output of
oestriol, and in one only (case 3) was it confined to
the oestrone.

Metabolic experiments were performed in nine
patients (cases 4, 5, 6, 7, 9, 10, 11, 12, 13). In
eight of these, who included four of the patients with
a higher endogenous output than normal, the total
recovery was within the normal range, the mean
(15-5%) comparing with the mean figures of 16-0%
and 14-7% reported by Brown (1957, 1958). The
ratios of the three oestrogens recovered resembled
those of the endogenous output, and in four
patients (cases 4, 5, 10, 13) the proportion of
oestriol relative to oestrone and oestradiol was

greater than normal; in three of the cases (nos. 5, 10,
13) the recovery as oestradiol approached or
exceeded the amount in the oestrone fraction,
whereas in normals urinary oestradiol is generally
less than half the oestrone. An abnormal 'total'
recovery was found in only one patient (case 12), the
figure being less than half the normal minimum, and
in this case again oestriol was the major metabolite.

DISCUSSION

The results obtained here demonstrate most of the
abnormalities in oestrogen output and metabolism
which have been reported in liver disease. Thus, the
occasional very high values previously obtained
only by bioassay methods have now been demon¬
strated by a chemical assay procedure. The pro¬
portion of patients (56 %) with an elevated excretion
of urinary oestrogens is higher than in any other
group previously reported, a finding which is
probably the result of selecting individuals who were
most likely to show abnormalities, such as those four
with severe complications and the three in terminal

liver failure. As shown by Dohan et al (1952) and
Cameron (1957) the proportion of oestriol to the
other endogenous oestrogens excreted was higher
than normal in many patients, indicating that meta¬
bolism to this oestrogen is often enhanced in liver
disease. However, in two instances (cases 3, 7) the
increase was confined to the oestrone fraction, as in
the case reported by Lyngbye and Mogensen (1961).
In the metabolism experiments, the overall recovery
of administered oestradiol as urinary oestriol,
oestrone, and oestradiol, was usually normal but
occasionally low, as reported by Stoa et al. (1958) and
Lyngbye and Mogensen (1961): no high recoveries
similar to those reported by Glass et al. (1944) were
obtained. The ratio of oestriol to other oestrogens
recovered was usually higher than normal, indicating
an increased conversion, but such a finding is not
confined to liver disease and has been reported in
other diseases, such as breast cancer and coronary
disease (Brown, 1958; Bauld, Givner, and Milne,
1957). Occasionally the ratio of oestradiol to
oestrone was increased, as was demonstrated by
Lyngbye and Mogensen (1961).

The two patients with particularly abnormal
osetrogen levels merit special discussion. During his
first investigation, case 7 was excreting oestriol,
oestrone, and oestradiol in amounts which were
greater than normal but within the range found in
the majority of patients with liver disease. At this
time, the overall recovery of administered oestradiol
was normal and oestriol was the major metabolite.
The picture had changed markedly four months
later, when the patient was in terminal liver failure:
the overall oestrogen output had increased, oestrone
was the major urinary oestrogen, and the output of
oestriol had virtually ceased. This indicated that the
capacity of the liver to convert oestrone to oestriol
had almost been abolished at this extreme stage of
the disease. If the determination had been made by
bioassay, the high oestrone output would have
registered as a markedly increased output of
oestrogenic activity. This was the only case in the
series which provided evidence that metabolism of
oestradiol and oestrone to oestriol may be impaired
in liver disease. Case 1, with the highest oestrogen
output encountered, was also in terminal liver
failure when he was studied. However, in this case,
all three of the oestrogen fractions were markedly
elevated with oestriol predominating as the major
metabolite. There was therefore no evidence in this
case of impaired oestrogen metabolism by the liver.
This patient's history was complicated by the fact
that splenectomy and then an exploratory lapa¬
rotomy had been performed several days before the
study, and the high but falling oestrogen levels
might have been caused by the adrenal responses to



Oestrogen metabolism and excretion in liver disease 59

the two operations. However, these were exception¬
ally high levels, and beyond the response obtained by
maximum stimulation of the adrenals with cortico-
trophin (Brown, Falconer, and Strong, 1959). No
correlation could be demonstrated between abnor¬
malities in oestrogen output and the severity of the
liver disease as judged by clinical, histological, or
biochemical findings. Although the abnormalities
tended to be more common and more marked

among those patients who were in the terminal
stages of the disease, they also occurred in some of
the mild cases of cirrhosis. The suggestion has
frequently been made that various stigmata of liver
disease, such as spider naevi and palmar erythema,
and some of the endocrine changes such as gynaeco-
mastia, are caused by raised oestrogen levels (Bean,
1959). In the present series, no such direct connexion
could be demonstrated, a finding which is in agree¬
ment with that of Cameron (1957).

The metabolism experiments show that the
raised urinary outputs of endogenous oestrogens
found in liver disease are due in most instances to

raised secretion rates of the primary oestrogenic
hormone. The finding that the ratio of oestriol to
oestrone and oestradiol in the urine is usually
greater than normal shows that the diseased liver
may actually have an increased capacity for meta¬
bolizing oestradiol and oestrone to oestriol. These
experiments, however, provide no information
concerning impairment or otherwise of the other
metabolic pathways. Further investigation is ob¬
viously required to determine the source of the
increased output of oestrogens. Raised urinary
oestrogen levels have also been reported in hyper¬
trophic pulmonary osteoarthropathy associated with
bronchial carcinoma (Ginsburg and Brown, 1961)
where there was no evidence of liver disease and no

demonstrable abnormality of oestrogen metabolism.
It is possible that the sources of the abnormal
amounts of oestrogens are the same in the two
disorders.

SUMMARY

Raised urinary oestrogen excretion was found in
nine of 16 men and women with liver disease. The
increased values were generally less than twice the
normal maximum but one patient was excreting
twenty times the normal maximum. The major
urinary oestrogen was usually oestriol but occasion¬
ally it was oestrone.

The overall recovery of administered oestradiol as
urinary oestriol, oestrone, and oestradiol was

usually within the normal range but occasionally it
was lower than normal. Increased recoveries were not
observed. The major urinary metabolite was usually

oestriol but occasionally it was oestrone. These
results indicate that, with one possible exception, the
increased output of urinary oestrogens was due to
increased secretion rates of the primary oestrogenic
hormone rather than to impaired oestrogen meta¬
bolism by the liver.

Abnormalities in oestrogen output were most
marked and common in terminal liver failure but
they also occurred in mild cirrhosis.

These findings are in agreement with many
already published using either bioassay or chemical
techniques.

We wish to thank Dr. W. I. Card, Dr. W. Sircus, and
Dr. R. W. D. Turner for access to their patients, and
Mrs. Janet Blair and Miss Wilma McGillivray for
technical assistance with the analyses. The endowment
fund of St. Thomas's Hospital defrayed some of the
expenses in sending specimens from London.
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SUMMARY

The urinary excretion ofendogenous and exogenous oestrogens was studied
in patients with disordered thyroid function, and in obese and non-obese
patients without evident thyroid disease. Hypothyroid patients and obese
patients converted a larger percentage of administered oestradiol-17/? to
urinary oestriol and a lower percentage to urinary oestrone than hyper-
thyroid patients and non-obese patients. The recovery of administered
oestradiol as oestriol, oestrone and oestradiol in urine was the same in the
hypothyroid, obese and non-obese patients but considerably lower in the
hyperthyroid patients. Similar differences were found in the urinary
excretion of endogenous oestrogens. The excretion of endogenous oestrogens
varies with the weight of the patient; it was greater in the obese than in the
non-obese. The findings indicate that the pathways of oestrogen metabolism
are influenced by a number of the factors, including thyroid function,
associated with the weight of the patient.

INTRODUCTION

Considerable differences have been observed in the proportions and total amounts
of various oestrogen metabolites excreted in the urine by different individuals after
the administration of oestradiol-17/?. In an attempt to relate these differences to
the clinical state of the patient, Brown (1958) measured the output of oestriol,
oestrone and oestradiol in the urine and found that postmenopausal women with
cancer of the breast tended to excrete a larger percentage of the administered
oestradiol as oestriol and less as oestrone and oestradiol than postmenopausal women
with diseases other than cancer. The latter in turn excreted more oestriol and less
oestrone and oestradiol than healthy subjects (Brown, 1957). Bauld, Givner & Milne
(1957) found similar differences in oestrogen excretion in a group of men with myo¬
cardial infarction when compared with healthy subjects. Recently, Fishman, Hell-
man, Zumoff & Gallagher (1962) have shown that the administration of thyroid
hormone materially influences the metabolism of administered [16-14C]oestradiol-

* Present address: Department of Obstetrics, University of Melbourne, Australia.
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17/? in human subjects by decreasing the fraction converted to oestriol and increasing
the fraction converted to 2-methoxyoestrone. This paper describes further work
concerned with the effect of nutritional status and thyroid function on oestrogen
metabolism.

MATERIAL AND METHODS

Urinary oestriol, oestrone and oestradiol were measured by the method of Brown,
Bulbrook & Greenwood (1957) using acid hydrolysis. The value for the urinary
excretion of endogenous oestrogens was first established on at least two 48-hr. control
urine specimens. Oestradiol, 2-5 mg. in olive oil (1 ml.) was then given by deep intra¬
muscular injection and the excretion of oestriol, oestrone and oestradiol in the urine
was measured on each of the following 6 days. The recovery of injected oestradiol
in terms of these three oestrogens was then calculated as a percentage of the oestradiol
given. The results were not corrected for the losses occurring during the estimation,
which amount to approximately 30 %. Completeness of urine collections was checked
by determination of creatinine output.

Thyroid function was assessed by clinical and laboratory criteria, including
determinations of serum protein-bound iodine (Farrell & Richmond, 1961), serum
cholesterol (Searcy & Bergquist, 1960), 131I excretion tests (Fraser, Hobson, Arnott &
Emery, 1953), and basal metabolic rate (Robertson & Reid, 1952).

The subjects studied (Tables 1-3) were all patients in hospital, although in some
instances the final urine collections for the oestradiol recovery tests were made at
home. In order to minimize interference by oestrogens of ovarian origin with the
recovery of administered oestrogen, the investigation was confined to postmenopausal
women and to men, with one exception (case no. 12) who was under observation for
anorexia nervosa and who was amenorrhoeic at the time. The twelve patients
(Table 1) in the series studied for a comparison between the obese and non-obese
(thin) were all women, and none had clinical evidence of disordered thyroid function
at the time of the investigation, although one (case no. 10) had previously been
treated for hyperthyroidism with carbimazole. Investigations of thyroid function
were not performed in this group of patients except when any suspicion of dis¬
ordered function arose. Patients with hypothyroidism were treated with thyroxine,
0-2-0-3 mg./day, except one patient (case no. 18), who received triiodothyronine.
Patients with hyperthyroidism were treated with radioactive iodine; in this group
the initial investigation of oestrogen metabolism was performed before treatment.
The investigation was repeated after treatment in eleven patients.

RESULTS

I. ObeseIthin series
The relevant clinical data and assay results are shown in Table 1 together with

statistical evaluation.

(a) Metabolism of administered oestradiol in relation to weight
There was a positive correlation between the body weight of the patient and the

percentage of the dose recovered in the urine as oestriol, and a negative correlation
with the percentage recovered as oestrone. The thin patients tended to excrete



Table1.Urinaryexcretionofoestrogensbyobeseandthinwomen Urinaryoestrogens
EndogenousExogenous (/tg./24hr.)(%ofdoseadministered)hq

a

ClinicalparticularsS.
Obese,ischaemicheartdiseaseQc Obese,hysterectomyat41yr. Obese,radiationmenopause at43yr. Chronicbronchitis,Paget's^ disease,oophorectomyat26yr. Obese,artificialmenopauseat 42yr. Chronicbronchitis,panhyster-O ectomyat28yr. Gastriculcer,schizophreniâ Anxietyneurosis Asthma,hysterectomyat40yr.̂ Chronicbronchitis,previousgtreatmentwithcarbimazole for18months& Carcinomaofbreast,simple mastectomy£4 Anorexianervosa,amenorrhoea

'atient

Age

Weight

Height

<

A

>

,

—A

no.

(yr.)

(kg.)

(cm.)

Oestriol

Oestrone

Total

Oestriol

Oestrone

Total

1

60

126

160

8-9

1-5

10-8

15-2

0-6

16-6

2

54

117

161

10-0

1-3

11-7

12-6

1-4

15-4

3

62

118

164

7-0

2-4

10-4

14-2

3-0

18-7

4

64

95

155

61

1-4

7-5

15-2

2-0

19-5

5

53

96

165

3-0

1-6

4-9

10-7

41

17-3

6

52

81

162

5-6

2-3

9-2

10-4

1-8

13-3

7

63

51

150

4-0

1-3

5-9

12-4

2-6

16-6

8

51

42

154

1-8

1-6

3-6

9-5

4-7

15-9

9

67

39

152

2-8

1-0

41

7-6

3-9

13-4

10

64

37

154

2-6

1-0

3-6

10-4

3-7

15-4

11

58

35

156

2-5

2-5

5-4

5-5

5-0

13-8

12

18

30

149

2-9

1-4

5-3

8-9

5-0

17-2

Correlationcoefficient'r'
+0-87

+0-20

+0-86

+0-79

-0-77

+0-43

(weightandoestrogenoutput) P

<0001

N.S.

<0-001

<001

<001

N.S.

a o-

o

ZD
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Table2.Urinaryexcretionofoestrogensbyhypothyroidpatientsbeforeandaftertreatment Valuesobtainedaftertreatmentinparentheses.
Urinaryoestrogens

Serum,*,
PBI

cholesterol

Endogenous(,«g./24hr.)
Exogenous(%ofdose)

Patient

Age

Weight

Height

(/ig-/

131J

(mg./lOO

B.M.R.

(

*

,

,

A

,

no.

Sex

(yr.)

(kg.)

(cm.)

100ml.)
Tindex

ml.)

(%)

Oestriol
Oestrone

Total

Oestriol

Oestrone

Total

Treatment

13

F

67

101

152

0-3

3-7

272

-1

14-5

1-3

16-8

14-9

21

17-8

Thyroxine,

(76)

(8-8)

(206)

(1-8)

(0)

(1-8)

(15-1)

(1-9)

(18-1)

8months

14

F

56

99

160

2-2

0-3

310

-3

7-4

1-2

8-6

17-6

1-2

20-0

Thyroxine,

(79)

(7-7)

(251)

(-3)

(4-0)

(1-0)

(5-8)

(11-0)

(0-8)

(13-0)

9months

15

F

46

74

171

0-6

1-9

800

-43

6-2

2-5

9-7

7-2

2-1

10-3

Thyroxine,

(66)

(6-3)

(422)

(+15)

(2-0)

(1-4)

(3-8)

(3-0)

(2-7)

(7-0)

6months

16

F

49

72

151

2-2

3-7

350

4-0

1-8

7-5

18-2

2-3

21-7

Thyroxine,

(59)

(5-5)

(3-1)

(187)

(1-6)

(1-7)

(4-4)

(6-1)

(2-9)

(10-3)

18months

17

F

63

71

152

2-5

3-3

470

-14

50

0-9

6-4

10-8

1-9

13-7

Thyroxine,

(61)

(9-6)

(0-3)

(209)

(-5)

(3-2)

(1-2)

(4-4)

(16-5)

(1-4)

(19-0)

5months

18

F

72

67

160

10

11

410

-9

4-7

1-3

6-0

12-4

2-1

15-6

Triiodo¬

(61)

(186)

(+20)

(1-3)

(0-4)

(2-0)

(2-3)

(2-1)

(5-4)

thyronine, 6months

19

F

72

61

161

1-3

0-5

290

-20

1-2

0-2

2-1

13-7

1-0

15-6

—

20

F

58

57

156

2-0

1-3

608

0-7

1-6

2-3

7-1

1-8

10-0

—

21

F

55

53

158

1-7

1-7

699

—

1-4

0

1-9

4-7

2-6

8-4

—

22

M

41

78

177

1-6

1-5

480

-4

6-0

0-9

7-9

16-7

1-2

18-8

—

23

M

65

62

157

1-3

1-1

344

—

5-2

1-8

7-0

4-6

11

6-5

Thyroxine,

(59)

(5-1)

(222)

(2-3)

(0)

(2-3)

(5-0)

(2-2)

(8-0)

6months

Moans

5-01*

1-20*

6-81*

11-63

1-76

14-41

S.E.

±1-42

±0-08

±1-58

±1-53

±0-17

±1-52

*Valuesforpostmenopausalwomenonlyincluded.



Table3.Urinaryexcretionofoestrogensbyhyperthyroidpatientsbeforeandaftertreatment Valuesobtainedaftertreatmentinparentheses.
Urinaryoestrogens

PBI

Serum cholesterol

Endogenous (/ig./24hr.)

Patient

Age

Weight

Height

(ns-l

131J

(mg-/

B.M.R.

,

»

,

no.

Sex

(yr-)

(kg.)

(cm.)

100ml.)

Tindex

100ml.)

(%)

Oestriol
Oestrone

Total

24

F

56

63

157

11-5

35-4

240

+34

0-5

1-3

2-1

(73)

(11-8)

(11-2)

(186)

(+16)

(1-4)

(1-0)

(3-0)

25

F

58

61

154

10-6

44

200

+42

1-5

1-2

3-0

26

F

48

54

165

6-8

8-1

161

+34

4-6

4-4

12-7

(64)

(4-2)

(220)

(-8)

(1-3)

(0-4)

(1-7)

27

F

52

49

152

12-7

36-6

179

+35

2-4

2-1

5-2

28

F

65

42

146

11-7

—

—

+71

3-0

1-2

4-9

29

F

51

42

165

10-3

73

160

+48

2-9

0-5

4-3

(51)

(1-5)

(3-5)

(656)

(-24)

(0-8)

(0)

(0-8)

30f

F

62

48

162

12-5

62

157

+90

1-8

0

1-8

31

M

54

60

174

13-0

33-5

168

+47

2-1

1-1

4-0

32

M

70

74

174

8-4

22-0

161

+46

5-6

3-4

10-6

(81)

(1-2)

(2-2)

(356)

(-14)

(6-7)

(1-4)

(8-1)

Means

2-48*

1-78*

5-37*

S.E.

+0-57

+0-56

+1-54

'I'for
differenceshypo-

v.hyperthyroid

1-4

1-05

0-62

'P'fordifferenceshypo
-v.hyperthyroid

N.S.

N.S.

N.S.

Correlationcoefficientr
(bodyweightandoestrogenoutput)

+0-77*

+0-008*
+0-62*

P

<0-001

N.S.

0-01-

Exogenous
(%ofdose)

fN OestriolOestroneTotalTreatment 0-5 (3-0) 4'8 2-4 (2-6) 2-2 4-0 1-9 (6-6) 13-4 2-4 4-7 (10-7)

3-6 (5-0) 3-0 2-9 (3-4) 3-4 3-2 1-8 (3-3) 2-0 2-1 4-0 (4-2)

2-863-00
+0-53+0-26 4-7

<0-001 +0-72
<0001

4-2

<0001 -0-44 N.S.

5-0 (10-2) 9-3 6-9 (7-8) 7-0 7-4 4-5 (11-3) 16-4 6-1 10-8 (16-6) 7-13 ±0-72 3-9 0-005- 0-001
-t-0-76 <0-001

131J
8months

131J
7months

131J
5months

131J
4months

0-001

Tables2 and3

Si

Q o

Go <s>. OS
a o* © ©

Cb Go CM.
a

a.

<s>.
©

*Valuesforpostmenopausalwomenonlyincluded, tResultsnotincludedinstatisticalanalysis.Seetext.
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oestriol more promptly than the obese (in 3-4 days compared with 6 days or more).
In two of the thin individuals, the peak of oestriol excretion occurred during the
first 24 hr. after the injection, in all the other individuals it occurred during the second
24 hr.

(b) Output of endogenous oestrogens in relation to weight
The greater the weight of the patient, the higher was the output of endogenous

oestriol. However, no corresponding negative correlation of weight with the output
of oestrone was detected, so that, since oestriol formed the main component, the sum
of the three urinary oestrogens of endogenous origin was also correlated directly with
the weight of the patient.

II. Patients with thyroid disease
The results are shown in Tables 2 and 3 together with the patients' weights, heights

and some of the data pertaining to their thyroid state. With one exception, the results
fell into two quite distinct groups depending on whether the patient was hyper-
thyroid or hypothyroid. The exception was case no. 30, who showed a 'hypothyroid'
pattern of oestrogen excretion although she was ' hyperthyroid' at the time of study.
This patient had been treated with carbimazole for hyperthyroidism at an earlier
date. Hellman, Bradlow, Zumoff & Gallagher (1961) reported that patients who had
been treated previously with antithyroid drugs could have a permanent alteration
in their metabolism of hydrocortisone, resembling that in the hypothyroid state.
For this reason, the results of case no. 30 have not been included in the statistical
calculations.

(a) Metabolism of administered oestradiol in relation to thyroid function
The percentage of the dose recovered in the urine as oestriol was higher in the

hypothyroid patients than in the hyperthyroid ones, and that recovered as oestrone
was lower. However, the differences in the output of oestrone were smaller than those
in the output of oestriol so that, when expressed as the total output of the three
oestrogens, the recovery was greater in the hypothyroid patients. The higher yields
of oestriol were associated with a slower elimination of that metabolite; in the hypo¬
thyroid patients oestriol excretion did not reach control levels until 6 days after the
injection and not always by then, while in all the hyperthyroid patients, control
levels were reached within 5 days.

(b) Excretion of endogenous oestrogens in relation to thyroid function
There were no consistent differences in the excretion of endogenous oestrogens

between hypothyroid and hyperthyroid patients (Table 3).

(c) Oestrogen output in relation to weight in patients with thyroid disease
Exogenous oestrogens. As in the obese/thin series, there was a positive correlation

between the amount of oestriol recovered and the weight of the patient. In addition,
there was a negative correlation between weight and the amount of oestrone
recovered, but quantitatively this effect was less important than the positive change
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in oestriol excretion so that the sum of the three oestrogens recovered was also corre¬
lated with the weight of the patient (Table 3).

Endogenous oestrogens. In this case also there was a positive correlation between
the urinary excretion of endogenous oestriol and the weight of the patient; however,
since a negative correlation between weight and the output of oestrone was not
found, the sum of the three urinary oestrogens measured was still correlated with the
weight of the subject (Table 3).

III. Change in oestrogen metabolism after treatment of the thyroid disorder
Seven of the hypothyroid patients and four of the hyperthyroid patients were

reinvestigated after treatment (see Methods). Some of the hypothyroid patients
showed striking changes in the relative amounts of metabolites recovered, but the
direction of these changes was variable so that no consistent pattern emerged.
Among the hyperthyroid patients, increased recoveries of all three oestrogens were
obtained after treatment, but the numbers were insufficient for statistical evaluation.
On the other hand, the excretion of endogenous oestrogens was lower after treatment
in all the hypothyroid individuals, and practically unchanged in the hyperthyroid
patients.

DISCUSSION

Hellman, Bradlow, Zumoff, Fukushima & Gallagher (1959) found that hypo¬
thyroidism is associated with reduced excretion of androsterone, and also with
reduction in the metabolic conversion of administered [4-14C]testosterone to andro¬
sterone and an increase in conversion to the stereoisomer, 5/?-androsterone; these
abnormalities were corrected by treatment with triiodothyronine. Fishman et al.
(1962) showed later that thyroid hormone also profoundly influences the metabolism
of [14C]oestradiol in man; at low thyroid hormone levels the metabolic pathways
favoured conversion to oestriol, at elevated levels there was a decreased conversion to
oestriol and an increased conversion to 2-methoxyoestrone with little change in the
excretion as oestrone. The results reported here agree, in general, with the findings
of Fishman et al. (1962), in that there was an increased metabolic conversion of
oestradiol to oestriol in the hypothyroid patients and a decreased conversion in the
hyperthyroid patients. For example, after the administration of oestradiol, oestriol
accounted for an average of 79% of the 'total' oestrogens recovered in the urine of
the hypothyroid patients and an average of only 38% in the urine of the hyper¬
thyroid patients. Since there was no equivalent compensatory increase in the
excretion of the other two metabolites recovered (oestrone and oestradiol) in the
hyperthyroid patients, the overall recovery of the administered oestradiol was con¬
siderably lower in these individuals. Part of this difference would be accounted for
by the increased conversion of oestradiol to 2-methoxyoestrone in the hyperthyroid
patients, a metabolite which was not measured in this investigation. The values for
the excretion of endogenous oestrogens showed the same trends as those for the
metabolism and excretion of administered oestradiol, although the changes were not
large enough to be statistically significant, probably because many of the endogenous
values were near the limits of reliability of the assay method employed and therefore
included a sufficient methodological error to mask some of the changes which may
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have been involved. Nevertheless there was no evidence that the levels of thyroid
hormone influenced the amounts of oestrogen secreted, as there was for the androgens
(Hellman et al. 1959).

Fishman et al. (1962) demonstrated consistent changes in oestrogen metabolism
after treatment with thyroid hormone, and these changes provided some of the main
evidence upon which their conclusions were based. Such consistent changes were
not observed in the present investigation. This disparity could have been due to
differences in the type and duration of treatment. Most of their subjects were
euthyroid and received relatively large doses of triiodothyronine (200 jig. daily) in
experiments lasting 8-28 days. Our patients were hypothyroid individuals who were
treated, with one exception, with thyroxine (0-2-0-3 mg. daily) for periods of
5-18 months until their thyroid status had returned to normal, before repeating the
experiment. The one individual who received triiodothyronine (60 fig. daily) for
2 months showed the same changes as reported by Fishman et al. (1962). On the
other hand, all our hyperthyroid patients showed an increased conversion of admin¬
istered oestradiol to oestriol after treatment with radioactive iodine, as was also
reported by Fishman et al. (1962).

In our patients, correlations were found between body weight and oestrogen out¬
put, whether there was a thyroid disorder or not. Thus, the output of oestriol of both
endogenous and exogenous origin was directly correlated with body weight, and the
output of exogenous oestrone showed a negative correlation with body weight. The
failure to demonstrate a similar correlation for endogenous oestrone was probably
due to the unreliability of the assay method at the very low levels of oestrone
measured (Brown & Blair, 1960; Salokangas & Bulbrook, 1961). The obese patients
without demonstrable thyroid disorder had the same pattern of oestrogen excretion
as the hypothyroid patients, who are also usually overweight. Similarly, the thin
patients tended to excrete relatively more oestrone and less oestriol than the obese
or hypothyroid group, and thus resembled the hyperthyroid patients who are usually
underweight. However, the hyperthyroid patients differed from the thin euthyroid
patients in that the recovery of administered oestradiol as urinary oestriol, oestrone
and oestradiol was much lower than in any euthyroid group yet studied. For example,
the average overall recovery was only 7-1% in the hyperthyroid patients compared
with 14-4% in the hypothyroid patients, 15-4% in the thin patients, 16-0% in a
group of healthy individuals (Brown, 1957), 14-8% in a group of postmeno¬
pausal women in hospital and 14-5% in a group of women with metastatic breast
cancer (Brown, 1958). The frequency of bowel action is often increased in
hyperthyroid patients and constipation is a common complaint in hypothyroidism,
so the possibility of an increased excretion of oestrogens in the faeces had to
be considered. There was no apparent correlation in our patients between the
recovery of urinary oestrogen and the average frequency of stools, although further
study would be required to rule out completely the possibility of such an effect. In
the obese/thin group, the output of 'total' endogenous oestrogens was correlated
with the weight of the subject, but the overall recovery of an administered dose of
oestradiol was independent of body weight. This finding implies that the amount of
oestrogen secreted depends on the body weight of the individual, obese subjects
secreting more than thin subjects, and may be compared with the observation of
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Hellman et at. (1959) that the excretion of androsterone is decreased in hypo¬
thyroidism.

Oestrogen production and metabolism therefore appear to be related to the body
weight of an individual even more than to their thyroid function. Since differences
in body weight are due mainly to differences in the amount of fat, it is likely that
oestrogen metabolism is influenced by several factors involved in fat metabolism,
including the thyroid hormones. Thus, nutritional status and thyroid function of
patients should be considered when interpreting values obtained for the excretion of
urinary oestrogens.
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Measurement of urinary oestriol excretion
during pregnancy is now a well established
method for assessing placental function and
fetal well-being. It is therefore important to
investigate any exception to the general rule that
a low oestriol excretion indicates that the fetus
is in jeopardy. Recently there have been several
reports that low oestrogen excretion occurs in
patients treated with cortisone or its analogues
and that in these cases the fetus does not appear
to be at risk (Baulieu, Bricaire and Jayle, 1956;
Hammerstein and Nevinny-Stickel, 1965;
Badarau, 1966; MacLeod et ah, 1967; Michie,
1967). This finding also has great theoretical
importance when considering the sources of the
oestrogens excreted during pregnancy. There is
now good evidence that the maternal and fetal
adrenals produce C 19 precursors which are
aromatized to oestrogens by the placenta
(Frandsen and Stakemann, 1961, 1964; Siiteri
and MacDonald, 1963, 1967; Baulieu and Dray,
1963; Colas et al., 1964).

Treatment with cortisone might therefore be
expected to reduce oestrogen output by reducing
production of the precursors, particularly by the
maternal adrenals. To provide further informa¬
tion on these phenomena, we here report a study
of oestrogen excretion in 26 patients who
received cortisone analogues during their
pregnancies.

Methods

Urinary oestriol, oestrone and oestradiol were
measured by the method of Brown (1955).
Checks were made by using enzymic hydrolysis
and by adding internal standards to ensure that

the low oestrogen values encountered were not
due to interference in the method. Completeness
of the 24-hour urine collections was checked by
specific gravity measurements.

The investigation was divided into three
separate phases. The first involved the study of
oestriol, oestronc and oestradiol excretion during
the pregnancies of 13 women who were receiving
cortisone or its analogues. The second involved
the accumulation of normal oestrone and
oestradiol values for comparison. The third
involved study of oestrogen excretion in 13
women following the intramuscular injection of
200 mg. of hydrocortisone given during the third
trimester of pregnancy.

Patients

(1) Details of the first group of patients
together with the doses of cortisone analogues
given throughout their pregnancies, are shown
in Table I. All the fetuses survived and none

showed any developmental abnormalities. There
was one maternal death (patient 11), an asthmatic
who died after delivery from multiple pulmonary
emboli.

(2) The normal series involved 154 oestrone
measurements and 131 oestradiol measurements
in 60 women. Approximately half the values
were obtained from six women studied at weekly
intervals throughout their pregnancies. The
remainder were single measurements performed
on patients in hospital, the criteria for accep¬
tance being that there was no serious obstetrical
complication and that the infant was born with¬
out signs of placental insufficiency and survived.
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Clinical Features of 13 Patiei

Case
Number Diagnosis

Associated
Obstetrical

Complications

Steroid Dose Per Day

Calculat
Actual Equivalen

Cortisone A

1 Addison's disease Hypertension Cortisone 37-5 mg. 37-5 m:
9 a fiuoro. 0-2 mg.

2 Addison's disease Hypertension Cortisone 37-5 mg. 37-5 m:
Renal disease 9 a fiuoro. 0 • 1 mg.

3 Addison's disease Cortisone 50 mg. 50 mg.
9 a fiuoro. 0-1 mg.

4 Adrenalectomy. Dexamethasone 10 mg.
Congenital adrenal 2 0 mg.

hyperplasia
5 Disseminated lupus Hydramnios Prednisolone 150 mg

erythematosis 15-30 mg.
6 Stein-Leventhal Prednisolone 25 mg.

syndrome 5 mg.
7 Nephrotic syndrome Hydramnios Prednisolone 150 mg

20-30 mg.
8 Asthma Prednisolone 75 mg.

10-15 mg.
9 Asthma, eczema Hyperemesis Prednisolone 75 mg.

15 mg.
10 Asthma. Carcinoma Clinical placental Betamethasone 10 mg.

of nasopharynx insufficiency 0-25 mg.
11 Asthma. Died from Prednisolone

postpartum 5-15 mg. 75 mg.
pulmonary emboli

12 Haemolytic anaemia Haemoglobin Prednisolone
5-3 g. per 30 mg. 150 mg
100 ml.

13 Chronic hepatitis Prednisolone 50 mg.
10 mg.

C.S. = Caesarean section. A = alive.

(3) Details of the third group of patients are
shown in Table II. The cortisone was given to
these patients as part of a test for glucose
tolerance under cortisone stress. Urine was

collected daily from 8 a.m. to 8 a.m. Two
specimens were collected initially to determine
base-line values (day 0), and then specimens
were collected for another four or five days with
hydrocortisone 100 mg. given at 9 p.m. of
day 1, and again at 9 a.m. of day 2, the glucose
tolerance test being commenced at 9 a.m. of
day 2. All the infants survived and showed no
developmental abnormalities. Four patients had
abnormal glucose tolerance tests and in one
(Case 6) the result was typical of diabetes
mellitus. Four patients developed glycosuria

during the tolerance test but their complete
24-hour urine specimens gave negative tests for
glucose.

Results

The results obtained in the group of patients
who were maintained on cortisone analogues
during their pregnancies are shown in Figure 1.
Included in Figure 1 are the fifth percentile lines
for excreted oestrone and oestradiol derived
from Figure 2, and also the mean and lower
limits of normal for excreted oestriol in this
laboratory (MacLeod et al., 1967). Suppression
of oestrone and oestradiol excretion was greater
than that of oestriol. Eleven of the 13 patients
had oestrone values below the fifth percentile for
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/ Cortisone Throughout Pregnancy

Gestation
at Delivery

(weeks)

Fetal
Weight

(g.)

Placental
Weight

(g)

Type of
Delivery

Result to

Child

Identification
in

Figure 1

39 2,820 — C.S. A • •

40 3,580 600 Normal A X X

40 3,540 600 Normal A • •

39 3,080 500 C.S. A A A

36 2,890 550 Norma] A □ □

40 3,610 500 Normal A 0 0
37 3,370 600 Normal A ▲

44 3,070 450 Normal A +- +

40 2,910 400 Normal A O O

37 2,600 490 Normal A A A

36 2,210 900 Normal A ♦ ♦

40 2,890 450 Normal A ■

37 2,830 650 Normal A
m- ■

the normal population and 12 patients had
oestradiol values below this percentile. In some
cases the values were within the range found in
non-pregnant individuals during the menstrual
cycle. No values were encountered which
approached the normal mean for that stage of
pregnancy. On the other hand, the excretion of
oestriol was at or above the normal mean in two

patients, in eight the excretion fluctuated about
the lower limit of normal and in only three were
the values seriously low; two of these showed one
or several values below 2 mg. per 24 hours, a
level usually associated with intrauterine fetal
death. Nevertheless, all the infants survived.

Figure 2 summarizes the values for oestrone
and oestradiol excretion found during normal

pregnancies between 20-40 weeks. The 5th, 50th
and 95th percentile lines are shown.

The results obtained following a divided dose
of 200 mg. of hydrocortisone are summarized in
Figure 3. The values are expressed as a percen¬
tage of base-line figures which are given in
Table II. The mean values and standard devia¬
tions are also shown for days 0-4. All patients
showed a marked fall in urinary oestrogen
excretion following hydrocortisone, the fall
being greater in the oestrone and oestradiol
fractions. The fall was usually greatest on day 2
when the mean value was approximately 50 per
cent of the base-line value for oestrone and
oestradiol and 60 per cent of the base-line value
for oestriol. These depressions were all highly
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Clinical Features of 13 Patients Having C

Base-line Oestrogen Excretion _ .

„. , Glucose Tolerance Test
per 24 hours

Oestriol Oestrone Oestradiol Gestation R , Gly
(mg.) (jug.) (frg.) (weeks) esu (pe

1 Previous large 28-6 1,336 396 35 Normal
infants

2* Twins. 12-4 707 273 33 Normal

Hypertension
3* Hypertension 14-6 663 199 33 Abnormal

4* Hypertension 6-2 296 157 29 Abnormal

5 Prolonged 10-9 437 152 30 Normal

pregnancy
6 Hepatosis. 8-0 169 52 31 Diabetic

Hydramnios
7* Hypertension 18-2 598 306 39 Normal

8 Hydramnios 11-3 518 177 34 Abnormal

9 Hydramnios 18-9 1,645 460 39 Normal

10 Prolonged 20-6 608 384 45 Normal
pregnancy

11 Twins 21-4 194 158 34 Normal

12 Twins 22-0 194 136 34 Normal

13 Previous large 52-8 1,609 956 42 Normal
infant.

Prolonged
pregnancy

* Denotes patient taking reserpine at time of urinary oestrogen determinations.
C.S. = Caesarean section. A = alive.

Case Obstetrical
Number Complications

significant; on day 2, for oestriol t = 5-7 (p<
0-001), for oestrone t = 7-8 (p<0-001) and for
oestradiol t = 6-5 (p<0-001). After day 2, the
values returned rapidly to base-line values.

When the maximum depression for each
individual was compared with their initial base¬
line values, a significant negative correlation was
obtained; for oestriol r = —0-59 (0-05> P>
0-01), for oestrone r = -0-63 (0-05>p>0-01)
and for oestradiol r = —0-67 (p<0-01).
Therefore, the higher the initial oestrogen
excretion the greater the percentage fall after
cortisone therapy.

Discussion

Reports on oestrogen excretion in pregnancies

complicated by adrenal insufficiency in pregnant
women receiving treatment with adrenal corti-
coids have been conflicting. Thus, the earlier
papers of Samuels el al. (1943), Jailer and
Knowlton (1950), and Allen (1953), all indicated
that oestrogen excretion was normal and this
impression has been widely accepted. However,
more recent publications by Baulieu, Bricaire
and Jayle (1956), Hammerstein and Nevinny-
Stickel (1965), Badarau (1966), MacLeod et al.
(1967), and Michie (1967), have shown that
oestrogen excretion may be very much reduced
under these conditions. The discrepancy is
understandable when one considers the great
increases in potency of the synthetic steroids
now used for therapy and the improvements in
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d Glucose Tolerance Tests During Pregnancy

Gestation
at Delivery

(weeks)

Fetal

Weight
(g-)

Placental
Weight

(g-)

Type of
Delivery

Result
to Child

Identification
in

Figure 2

38

40

38

40

43

32

40

41

41

46

36

36

44

{
3,390

1,920
2,700

2,760

3,400

3,460

1,970

3,400

3,370

3,100

3,630
r 1,700
.3,000
r 1,900
12,120
4,450

600

650

400

450

500

500

550

520

600

400

1,100
f 450
1350

750

Forceps

/Normal
\ Normal

C.S.

Forceps

Normal

Normal

Forceps

Normal

Forceps

Normal

f Breech
I Forceps
f Normal
/Normal

Normal

{

A

A

A

A

A

A

{;
{;
'A
-A
"A
-A

X-

A—

•—

O-

□-

0-
-fc-

♦-

—A

—•

-O

_v

-□

-0
-T

assay techniques. The earlier workers measured
total oestrogen excretion which reflected mainly
oestriol output, whereas the present work shows
that the excretion of oestrone and oestradiol is
more affected. Furthermore, the earlier workers
were investigating patients with Addison's
disease who were on maintenance doses of

desoxycorticosterone acetate given by pellet
implantation, whereas Badarau (1966), for
example, was giving large doses of prednisolone
(120 nig. daily) as treatment for non-thrombo-
cytopenic purpura fulminans. In our series, of
the two patients with completely normal
oestriol excretion, one was an Addisonian
patient (Case 2) on maintenance doses of
cortisone and 9 a fluorohydrocortisone and in

her case both oestrone and oestradiol excretion
were below normal; the other was a patient with
Stein-Leventhal syndrome (Case 6) maintained
on a small suppressive dose of prednisolone
(5 mg. per day) and in her case six of the eight
oestrone and oestradiol values were within the
normal range. However, throughout the series
there was no correlation between dosage or the
type of cortisone analogue employed and oestro¬
gen levels, nor was there a consistently parallel
effect on the output of each of the three oestro-
gens. The lowest values for all three oestrogens
were found in a patient (Case 10) with asthma
and carcinoma of the nasopharynx who was on
the lowest dose (equivalent to 10 mg. of corti¬
sone). Labour was induced in this patient because
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WEEKS

Fig. 1

Excretion of oestriol, oestrone and oestradiol in 13 patients receiving
cortisone analogues during pregnancy. Dotted lines show the mean and
the lower limit of normal for oestriol and the 5th percentile values for
oestrone and oestradiol obtained from Figure 2. For identification of

patients see Table I.
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Fig. 2

Values for oestrone and oestradiol excretion found in 60 "normal"
pregnancies after 20 weeks gestation. The 5th, 50th and 95th percentiles

are shown.

of clinical signs of placental insufficiency, a
diagnosis not confirmed by the appearance of
the infant at birth. This, however, does not
indicate that the low oestriol excretion was

entirely the result of cortisone therapy, for such
a lack of correlation between oestriol values and
the appearance of the infant is seen in approxi¬
mately 30 per cent of patients with low oestriol
excretion. Such very low values, which after 30
weeks usually indicate fetal death in ulero, have
been encountered in three pregnancies yielding
surviving and apparently normal infants, out of
over 3,000 studied in this laboratory. It is
possible that these represent non-fatal defects in
placental enzyme systems such as in a patient
studied by France (personal communication).

When considering the low oestrogen values in
these patients it should be pointed out that some

of them were studied because of suspected
intrauterine fetal growth retardation and there¬
fore it is unlikely that the extremely low
oestrogen values in Cases 7, 8 and 10 (Fig. 1)
were due to the influence of cortisone alone. We
believe that oestriol excretion below 5 mg. per
24 hours in a pregnancy at or beyond 36 weeks
maturity should not be regarded as benign
although the patient is receiving treatment with
cortisone.

There are few reports in the literature on the
normal ranges of oestrone and oestradiol values
found during pregnancy. Brown's (1956) series
involved only four patients. Hobkirk et al. (1960)
published the results of weekly measurements
during ten normal pregnancies. Their ranges and
means for oestradiol were almost exactly those
found here. The same also applied to the
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The effect of a divided dose of 200 mg. of hydrocortisone on the excretion
of oestriol, oestrone and oestradiol in 13 pregnant women. The results
are shown as percentages of base-line values. The heavy lines refer to the
mean values and their standard deviations for the group. For identifica¬

tion of patients and their base-line values see Table II.
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oestrone values until 30 weeks; after this time
their mean and minimum values, but not the
maximum values, tended to be higher.

The ranges of values were greater for oestrone
than for the other two oestrogens, being 7-fold
at term compared with 3-fold for oestradiol and
3 • 5-fold for oestriol. The differences between the
two series were probably due to the numbers of
patients studied rather than to any real popula¬
tion differences.

That single doses of hydrocortisone can
immediately depress oestrogen output during
pregnancy, and that the effect is rapidly rever¬
sible was clearly demonstrated in all the 13
patients treated in this way. The depression was
greater in the oestrone and oestradiol fractions
than in the oestriol fraction, and its extent was

greater with higher initial oestrogen values. The
latter finding suggests that when oestrogen
production is already deficient the synthesizing
system is more resistant to further suppression
of oestrogen production. Present knowledge of
oestrogen biosynthesis by the maternal-placental-
fetal complex has recently been outlined by
Siiteri and MacDonald (1967), and Diczfalusy
(1967). Dehydroisoandrosterone sulphate
(DHAS) produced by the maternal and fetal
adrenals plays a central role in this biosynthetic
process. DHAS, on reaching the placenta, is
aromatized to oestradiol and oestrone and these
are partly metabolized to oestriol by the maternal
liver before being eliminated in the urine.
Increasing amounts of DHAS are utilized in this
manner as the pregnancy advances, so that at
term 35-40 per cent of the DHAS which enters
the maternal circulation is converted to oestrone
and oestradiol by the placenta. A considerable
part of this DHAS is derived from the maternal
adrenals, and this source accounts for approxi¬
mately 50 per cent of the total production of these
two oestrogens (Siiteri and MacDonald, 1967).
On the fetal side, DHAS together with other C19
steroids and any oestrone sulphate present are
subjected to extensive 16a-hydroxylation in the
fetal liver and the products are converted to
oestriol by the placenta (Diczfalusy, 1967).

Quantitatively this must be the major bio¬
synthetic route since oestriol is the major
urinary oestrogen near term. On this model, it
would be expected that the administration of
cortisone analogues to the mother would, by

suppressing the maternal adrenals, have its
greatest effect on reducing the output of oestrone
and oestradiol in the urine as was found in the
present study. However, the output of oestriol
was also significantly reduced, and to account for
the amounts involved, it is necessary to postulate
that the fetal synthetic routes were also partly
suppressed. This is best explained on the basis
that some of the cortisone administered reaches
the fetus and partially suppresses its production
of adrenal steroids. This effect, however, would
be less than that on the maternal adrenals.

Summary

Urinary excretion of oestriol, oestrone and
oestradiol have been measured in 13 patients
receiving cortisone throughout their pregnancies,
in 60 untreated normal patients for comparison,
and in 13 patients who received two 100 mg.
doses of hydrocortisone during the third
trimester. In the first group, low oestriol
excretion was found in 10 patients, low oestrone
in 11 patients, and low oestradiol in 12. In spite
of the low values, there were no perinatal fetal
deaths and only two infants showed clinical
signs of placental insufficiency at birth. Low
oestriol excretion may therefore be benign when
a patient is receiving cortisone but it is considered
that values below 5 mg. per 24 hours after 36
weeks should not be regarded as due to the effect
of cortisone alone.

In the third group, the oestriol, oestrone and
oestradiol values fell rapidly after administration
of cortisone and then returned to pre-treatment
levels within five days. The average percentage
falls from pre-treatment levels were 60 per cent
for oestriol, 47 per cent for oestrone and 52 per
cent for oestradiol. These findings are discussed
in terms of current concepts of oestrogen bio¬
synthesis during pregnancy.
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URINARY EXCRETION OF (ESTROGENS
DURING THE MENSTRUAL CYCLE

J. B. Brown
M.Sc. H.Z., Ph.D. Edin.

From the Clinical Endocrinology Research Unit (Medical
Research Council), University of Edinburgh

Many workers liavo measured the excretion of
oestrogens in the urine during different phases of the
menstrual cycle. The most constant finding has been
two peaks of excretion, one about the time of ovulation
and the other during the luteal phase. However, most
of the results have been obtained using bio-assay methods
and have been expressed in terms of animal units of total
(estrogenic activity (see Gustavson et al. 1938, Pedersen-
Bjergaard and Tonnesen 1948). Since at least three
(estrogens (cestriol, cestrone, and cestradiol-17(3) have
been found in human urine, and it is erroneous to measure
biologically such a mixture of substances with different
activities, the results obtained have little quantitative
significance. Smith et al. (1938) and Smith and Smith
(1952) obtained more reliable results by separating the
cestrogens, before bio-assay, into cestriol, cestrone, and

CESTRIOL

CESTRONE

9 II 13 15 17 19 21 23 25 27

DAY OF CYCLE

Fig. I—Subject I ; aged 36 ; para.-3. This figure and figs. 2-8 show the
amounts of oestriol, oestrone, and oestradiol excreted per 24 hours,
and also the variations in basal temperature.

■■■■■ = Menstrual period.
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(ESTROGEN LEVELS FOUND AT VARIOUS TIMES DURING THE

MENSTRUAL CYCLE

(Collected from ten cycles)

Time in
cycle

(Estrogens 'excreted (ug. per 24 hours)

Average Range

CEst-
riol

(Est¬
rone

(Est¬
radiol

(Est-
riol

(Est¬
rone

(Est¬
radiol

Onset of
menstruation f> 5 2 0-15 4-7 0-3

Ovulation
peak 27 20 9 13-54 11-31 4-14

Luteal maxi¬
mum 22 14 7 8-72 10-23 4-10

(Estradiol fractions, and expressing their results in terms
of the weights of pure crystalline (estrogens.

Jayle and Crepy (1952) used the Kober colour reaction
to measure total cestrogens and reported the results
obtained throughout two menstrual cycles. But these
figures, too, have limited quantitative meaning, since
oestriol, cestrone, and (Estradiol-17(3 all give different
colour intensities in the Kober reaction. Engel (1950),
Engel et al. (1950), and Migeon (1953) attempted to
measure the urinary cestrogens excreted during the

Fig. 2—Subject 2 ; aged 34 ; nullipara.
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menstrual cycle by using counter-current distribution
to separate and identify the individual cestrogens and
fluorimetry to measure them. However, fluorescing
contaminants interfered considerably with the measure¬
ment of cestrogens, and the main significance of the work
was that Migeon obtained good evidence that cestriol,
cestrone, and (estradiol are all present in pooled menstrual-
cycle urine.

More recently a convenient, accurate, and apparently
specific chemical method for separately estimating
cestriol, cestrone, and (estradiol- 17p in human urine has
been developed (Browu 1955a and b), and it is now possible
to make more reliable and detailed measurements of
their excretion. I report here the results of applying this
method to a study of the urinary excretion of oostrogens
during a number of menstrual cycles of apparently
normal women. This was a necessary preliminary to the
study of abnormal conditions. A preliminary com¬
munication on some of these results has already been
presented (Brown 1955a).

Method

Complete 24-hour urine specimens were collected daily
through the whole menstrual cycle of eight apparently
normal women whose ages ranged from 17 to 40 years.
In two cases (subjects 7 and 8) two whole menstrual cycles
were studied. The amounts of costriol, oestrone, and

Fig. 3—Subject: 3 ; aged 40 ; nullipara.
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0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
DAY OF CYCLE

Fig. 4—Subject 4 ; aged 28 ; nullipara.
cestradiol-17 (3 in each 24-hour urine specimen were
determined by the chemical method described by Brown
(1955b). Morning basal temperatures were taken orally
throughout each cycle to correlate the oestrogen levels
with times of expected ovulation.

Results

The results are shown in figs. 1 to 8 and in the
table. In both cases where two cycles were studied, the
results obtained during the second cycle of each individual
were almost identical with those obtained during the first
cycle. Consequently only one cycle from each subject is
included in the figures.

DAY OF CYCLE
Fig. 5—Subject 5 ; aged 17 ; nullipara.
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A number of features common to all the cycles is
apparent. The amounts of the three cestrogens excreted,
generally rise and fall together. The cestradiol levels are
almost always lower than the corresponding cestrone
levels, the ratio between the two being approximately
constant at 1 : 2. There is no such constant ratio between
the cestriol and cestrone levels, for the cestriol level may
be equal to or greater than the corresponding costrone
level. The amounts excreted are lowest during the first
week of the cycle and begin to rise at about the 7th day
to reach a well-defined maximum (the " ovulation peak ")
at about the 13th day—or, more accurately, 14 days
before the onset of the next menstrual period. This
maximum occurs about the time of the temperature rise
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CJ. 20
CM
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0

ftcs 30
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K
"0
ft 20

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

DAY OF CYCLE

Fig. 6—Subject 6 ; aged 32 ; para-2.
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and is presumably related to ovulation. The peak is
followed by a sudden decrease in oestrogen excretion.
During this phase of the cycle the changes in the oestrone
and cestradiol levels parallel one another, but the changes
in the eestriol levels tend to lag about 24 hours behind the
other two. This lag phenomenon is sometimes masked
by the 24-hour interval over which the urine specimen is
collected, but even so is clearly seen at the time of the
ovulation peak and subsequent drop. After suddenly
decreasing, the oestrogen levels tend to increase again to
a second maximum (the "luteal maximum"), which
occurs on about the 21st day, and then decrease before the
onset of menstruation. During the luteal phase the
oestriol lag is not apparent. The lowest levels are often
reached several days after the onset of menstruation.

While the pattern of oestrogen excretion is constant,
the actual amounts found in the urine of different subjects
vary over a considerable range. Those found at the
onset of menstruation, at the ovulation peak, and at the
luteal maximum are summarised in the table.

No abnormal symptoms were recorded by any subject
during the cycle studied. Furthermore, three subjects
(4, 7, and 8), two of whom (7 and 8) were still collecting
urine for assay, became pregnant shortly afterwards ;
and a parous subject, whose oestrogen excretion was
similar to that of subject 6, became pregnant during the
cycle being studied. There is therefore no evidence of
correlation between the relative or absolute amounts of
cestrogens excreted and the subjective symptoms, parity,
or fertility of the woman. On the other hand it is
interesting to note that the youngest subject (5) excreted
the lowest amounts of oestrogens.

r 99

10 12 14 16 18 20 22 24 26 28 1
DAY OF CYCLE

Fig. 7—Subject 7 ;Jaged 33 ; para-2.
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Fig. 8—Subject 8 ; aged 27, para-2.

CESTRONE

Discussion

The results reported here show two peaks of oestrogen
excretion during the menstrual cycle, and in this respect
are similar to those reported by other workers. Quanti¬
tatively, too, they are similar to those reported by
Smith et al. (1938) and Smith and Smith (1952). They
present, however, a more detailed picture of some of
the events which occur during the menstrual cycle. We
see, for instance, that the rise to the ovulation peak is
usually gradual ; and the most satisfactory explanation
for this is an increasing production (and secretion into
the blood) of oestrogen from a rapidly enlarging follicle,
rather than a sudden release of oestrogen-rich follicular
fluid at ovulation. At the peak itself both factors may
operate. The highly characteristic ovulation peak was a
constant finding in all the normal cycles studied. Since
neither ovulation peak nor luteal rise have yet been
observed in this laboratory in any woman having a
uterus and suffering from amenorrhoea, the finding of
such a peak may be good evidence of the occurrence and
time of ovulation. The pattern of the three cestrogens
about the time of ovulation—namely, cestradiol levels
about half the cestrone levels, and the cestriol levels
lagging a day behind—is essentially similar to that
observed after the intramuscular injection of cestradiol-
17(3 (Brown 1955a). This furnishes further support for
the generally accepted view that cestradiol-17(3 is the



8

primary ovarian hormone at this time. The sudden
decrease in oestrogen excretion after the ovulation peak
could be due to a sudden change in follicular function
caused by rupture at ovulation. If this is so, the drop in
cestrone and cestradiol levels should follow ovulation
very closely and indicate its time more accurately than
the temperature rise, which seems to depend on the more
gradual and variable increase in progesterone production
which also takes place at this time (Davis and Fugo 1948).
The luteal maximum is probably due to oestrogens
produced by a growing and then regressing corpus
luteum. One possible explanation for the apparent
absence of the cestriol lag at this time is that both
cestriol and cestradiol-17[3 may be produced by the
corpus luteum, and that the urinary cestriol may there¬
fore be derived directly from the corpus luteum as well
as from the normal metabolism of cestradiol-17^.

Since, unless the circumstances are exceptional, the
day-to-day variation in oestrogen excretion seems to be
more important than the amounts excreted at any one
time, single random estimates of urinary cestrogens in
women during reproductive life will have little signifi¬
cance unless the specimen has been collected at a relevant
and accurately known tinie in the cycle. Serial estimations
appear to be necessary before any accurate assessment of
ovarian function can be made employing these methods.

Summary
Eesults obtained using a new chemical method for

estimating the urinary excretion of cestriol, cestrone, and
cestradiol-17(3 during 10 normal menstrual cycles in
women are recorded and discussed.

I wish to thank Prof. G. F. Marrian, f.r.s., and Prof. K. J.
Kellar, for their interest in this work. I am also grateful
to the female members of the staff and wives of colleagues who
contributed the specimens, and to Mr. H. A. F. Blair and Miss
Janet Mackie for their skilled technical assistance.
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SUMMARY

1. The urinary excretion of oestrogens, pregnanediol and pituitary gonadotrophins has been
studied throughout nine ovulatory menstrual cycles.

2. The pattern of hormone excretion was relatively constant from one individual to another,
but the actual amounts excreted varied considerably in different individuals.

3. In none of the subjects studied did the mid-cycle peak in gonadotrophin precede the oestro¬
gen peak.

4. The increase in urinary pregnanediol during the luteal phase occurred at the same time as
or just before the rise in basal temperature and 1-4 days after the oestrogen peak.

5. There was no correlation between the amounts of oestrogens and pregnanediol excreted
during the luteal phase of the cycle.

6. When gonadotrophin assays were conducted by the mouse uterus test and that depending
on the prostate of the hypophysectomized rat, the results obtained agreed very closely at all
stages of the cycle.

7. In one subject a marked rise in gonadotrophin output was observed as early as 9 days after
a successful artificial insemination.

In the last two decades many investigators have studied the excretion of oestrogens,
pregnanediol and gonadotrophins throughout the menstrual cycle. Such studies have
been published by Gustavson, Mason, Hays, Wood & D'Amour [1938], Smith, Smith
& Pincus [1938], D'Amour [1943], Heller, Farney, Morgan & Myers [1944], Pedersen-
Bjergaard & Tonnesen [1948], de Watteville [1951], Brown [1955a], Borth, Lunenfeld
& de Watteville [1957], Buchholz [1957] and Klopper [1957]. It is generally agreed
that peaks of oestrogen and of gonadotrophin excretion occur about the middle of
the cycle, and that during the luteal phase the pregnanediol output rises and a second
oestrogen peak occurs. Main, Cox, O'Neal & Stoeckel [1943] have suggested that in
some women a second gonadotrophin peak can be demonstrated before the onset of
menstruation.

Some doubt remains about the relationship in time between the various cyclical
changes which have been described. There are two reasons for this. First, many of
the assay methods employed have not been sufficiently sensitive or convenient for
daily estimations and second, parallel determinations of oestrogens, pregnanediol and
gonadotrophins have seldom been attempted.

* Present address: Obstetric Medicine Research Unit, Aberdeen University Medical School, Forester-
hill, Aberdeen.
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In the present investigation the hormone excretion has been studied in nine

ovulatory menstrual cycles. Assay methods of proved reliability have been used.
An attempt has been made to correlate the cyclical changes in the excretion of one
hormone with those of the others. Most subjects kept basal temperature records and,
where possible, any change in basal temperature has been correlated with the pattern
of hormone excretion.

materials and methods

Complete 24 hr urine specimens were collected throughout one menstrual cycle in
each of the nine subjects. Collections were usually started a few days before the
expected onset of menstruation and were continued until the end of the next men¬
struation. The day on which bleeding commenced was designated day 1. Oral
temperatures were recorded each morning on awakening.

Seven of the nine subjects were healthy women, normally active; one of these
(D.H., Fig. 7) was artificially inseminated with her husband's semen and became
pregnant while under observation. The remaining two patients (W.N. and M.R.,
Figs. 3 and 5) were patients in hospital suffering from carcinoma of the breast;
one of these (M.R.) was treated by ovarian irradiation during the period of
study. There was no history of menstrual abnormalities in any of the subjects in¬
vestigated.

Urine samples were collected without preservative and were stored in a refrigerator
at 4° C. When the 24 hr output was < 1200 ml. the specimen was made up to this
volume with distilled water before the assays were done. One half of each 24 hr
collection was used for oestrogen and pregnanediol determinations; the other half was
used for gonadotrophin assays, being combined usually as 3-day pools during the
follicular and luteal phases of the cycle and as 2-day pools at the middle of the cycle.
In some assays involving the hypophysectomized rat prostate (h.r.p.) test, pooled
urine collected over longer periods was used.

methods oe estimation

(1) Oestrogens. The method of Brown [19556] was used. This measures urinary
oestriol, oestrone and oestradiol-17/3, but not the more recently discovered urinary
oestrogens such as 16-ejn'oestriol [Marrian & Bauld, 1955], 16x-hydroxyoestrone ,

[Marrian, Loke, Watson & Panattoni, 1957] and 2-methoxyoestrone [Kraychy &
Gallagher, 1957]. The reliability of Brown's method has been recently reviewed by
Brown, Bulbrook & Greenwood [1957], It would appear that this method is suitable
for the present purpose.

(2) Pregnanediol. Estimations of urinary pregnanediol were made by the method
of Klopper, Michie & Brown [1955], This procedure has been critically examined by
Coyle, Mitchell & Russell [1956] and by Huis in't Veld, Dijkstra-van Katwijk &
Jonkman [1957]. They have found it to be reliable for the assay of urinary pregnane¬
diol during the menstrual cycle.

(3) Clonadotrophins. Gonadotrophins were extracted from urine by the method of
Loraine & Brown [1956a, 6]. The main steps are adsorption on kaolin, elution from
kaolin, acetone precipitation and purification of the crude kaolin acetone powders by
treatment with tricalcium phosphate.
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Bioassays were done by (a) the uterine weight test in intact immature mice, and
(6) the ventral prostatic weight test in hypophysectomized immature rats. The former
method is not specific for either follicle stimulating hormone (FSH) or interstitial
cell stimulating hormone (ICSH), but probably provides a useful measure of 'total
gonadotrophic activity'; the latter test is generally assumed to be specific for ICSH
activity. The reliability criteria of the two methods have been discussed elsewhere
[Loraine & Brown, 1954; Loraine, 1956, 1958]. Estimations by the mouse uterus
(m.u.) test were made in all nine subjects; in three patients (E.B., A.D. and W.N.,
Figs. 1-3, respectively), parallel assays were made by both tests on the same urine
samples. Assay results were calculated in terms of a standard prepared from the
urine of menopausal and postmenopausal women (HMG-20 A) and were expressed as
HMG u./24 hr.

It should be noted that assays were not performed by a method specific for FSH
activity. Until such determinations have been made it is obviously not possible to
draw any final conclusions regarding the ratio of urinary FSH to urinary ICSH during
the human menstrual cycle.

results

The results in individual subjects are shown graphically in Figs. 1-9. In each figure
a solid vertical line has been drawn to indicate the day on which the peak of oestrone
and oestradiol excretion occurred. This illustrates more clearly the time relationship
between the mid-cycle oestrogen peak, the gonadotrophin peak and the start of the
luteal phase rise in pregnanediol excretion and in basal temperature.

A notable feature of the results is the constancy of the hormonal excretion pattern
from one individual to another, although the actual quantities excreted vary con¬
siderably in different subjects. The amounts of oestrogens and pregnanediol are very
similar to those previously reported by Brown [1955a] and by Klopper [1957],

(1) Gonadotrophin determinations during the menstrual cycle
In all nine subjects in whom the urinary gonadotrophin excretion was estimated

by the m.u. test the output was low during the follicular phase of the cycle, bemg
generally <10 HMG u./24 hr. A definite rise in gonadotrophin excretion ranging
from 13 to 40 HMG u./24 hr was observed at approximately mid-cycle in seven of
the nine cases studied. In one individual (H.S., Fig. 8) the rise was absent; in the
other (K.K., Fig. 9) it is possible (but unlikely) that the peak might have been
missed due to the loss of two 24 hr urine samples. In five of the seven cases the
increased output of gonadotrophins was confined to a single pooled sample collected
over 48 hr; in the remaining two the peak was more diffuse, being spread over 6 days
(W.N., Fig. 3) and over 9 days (A.D., Fig. 2). During the luteal phase of the cycle
and menstruation itself the gonadotrophin levels were again low, usually being
< 10 HMG u./24 hr. None of the subjects showed a pre-menstrual rise in gonado¬
trophin excretion.

In one subject with mammary carcinoma (M.R., Fig. 5) the gonadotrophin excre¬
tion was studied first during a menstrual cycle and then subsequent to ovarian
irradiation. No cyclical changes in oestrogen and pregnanediol excretion were
observed after radiotherapy. The gonadotrophin excretion values rose steeply and
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M.R. Age 41. Para 2 (Breast carcinoma)
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cycle and following ovarian irradiation. For explanation see legend Figs. 1-4.
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Fig. 7. D. H. Aged 30, para 0. Estimations made during a complete menstrual cycle and
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approx. 1 month after treatment were some twenty times higher than those found
in the follicular and luteal phases of the menstrual cycle.

Parallel assays on the same urine samples by the m.u. and h.r.p. tests were
performed in three subjects. At all stages of the menstrual cycle the results obtained
by the two methods agreed very closely (Figs. 1-3).

(2) Relationship between oestrogen and gonadotrophin peaks
The first oestrogen peak is a constant feature of the ovulatory menstrual cycle.

The rise and fall in urinary oestrone and oestradiol levels parallel one another, but
the changes in oestriol excretion tend to lag about 24 hr behind the other two. Brown
[1955a, 1957] explained this phenomenon on the basis that oestrone and oestradiol-17/3
are the primary ovarian hormones and that it takes some time for them to be
metabolised and excreted as oestriol. If this view is correct fluctuations in urinary
oestrone and oestradiol levels are probably closely related in time to fluctuations in
the ovarian secretion of these hormones.

In none of the subjects studied did the gonadotrophin peak precede the oestrogen
peak. Indeed in three of them (M.R., V.N. and D.H., second cycle, Figs. 5-7,
respectively) it occurred several days after the first oestrogen peak. If it is assumed
that gonadotrophins are eliminated in urine as rapidly as oestrogens, then the rise
of oestrogen excretion could not have been initiated by the increase in gonadotrophin
output.

No correlation was found between the height of the gonadotrophin peak, on the
one hand, and the height of the oestrogen peak, on the other. However, the fact that
the gonadotrophin excretion at mid-cycle was usually estimated from urine collected
over 48 hr may have masked the exact timing and true height of the gonadotrophin
peak.

(3) Relationship of urinary pregnanediol excretion to basal temperature
and to oestrogen and gonadotrophin peaks

In eight out of the nine subjects the luteal phase rise in pregnanediol coincided
approximately with the rise in basal temperature; one patient (A.D., Fig. 2) showed
no increase in basal temperature during the luteal phase but followed the usual
hormone excretion pattern in all respects. The luteal increase in urinary pregnanediol
always occurred after the oestrogen peak, the time interval ranging from 1 to 4 days.
In two subjects (M.R. and V.N., Figs. 5 and 6) the rise in pregnanediol output
occurred before the gonadotrophin peak.

(4) Relationship between oestrogen and pregnanediol levels during luteal phase of cycle
In the majority of subjects the over-all rise and fall of oestrogen levels paralleled

those of pregnanediol. However, there appeared to be no correlation between the
actual amounts of oestrogens and of pregnanediol excreted. In other words, subjects
excreting the largest quantities of oestrogens do not necessarily excrete the largest
amount of urinary pregnanediol.

(5) Relationship of oestrogen peak to onset of menstrual bleeding
The time elapsing between the first oestrogen peak and the commencement of

menstruation varied from 11 to 16 days. It may be of some interest that the shortest

/
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intervals were found in the two individuals (H. S. and K. K., Figs. 8 and 9 respectively),
in whom the gonadotrophin peak was apparently absent.

(6) Findings subsequent to artificial insemination
One subject was artificially inseminated on the day of the mid-cycle oestrogen peak

and became pregnant during the period of study. The pregnancy proceeded unevent¬
fully to term. The first indication of conception was a sharp rise in gonadotrophin
excretion 9 days after insemination. This rise might have been due to the presence
in urine of human chorionic gonadotrophin (HCG) rather than of pituitary gonado¬
tropins. The increase in gonadotrophin excretion was followed by a rise in oestrogen
output and by maintenance of luteal phase levels of pregnanediol.

DISCUSSION

The results reported here resemble those of other workers but provide a more detailed
picture of the hormonal interrelationships during the menstrual cycle. The most
interesting changes are those which occur at mid-cycle and which are presumably
related to ovulation. The first indication of increasing ovarian activity following
menstrual bleeding is an increase in urinary oestrogen excretion; this rise begins
about the 8th day of a 28-day cycle and culminates in a well-defined and characteristic
peak some 4 days later. Since the oestrogen peak has been demonstrated in all
subjects with a proven ovulatory menstrual cycle [Brown, 1955a, Brown, Kellar &
Matthew, to be published], it is probably closely associated with ovulation.

Another characteristic finding which occurs at mid-cycle is the urinary gonado¬
trophin peak. This peak does not bear a constant relationship in time to the oestrogen
peak. In some of our subjects the two peaks occurred simultaneously; in others the
gonadotrophin peak followed the oestrogen peak after 1-4 days but in none did the
gonadotrophin peak precede the oestrogen peak. In two individuals (H.S. and K.K.,
Figs. 8 and 9) a gonadotrophin peak was not observed, although all the other evidence
indicated that ovulation had occurred. These subjects also showed evidence of poorly
functioning corpora lutea, and it is therefore possible that the mid-cycle rise in gonado¬
trophin output, although not essential to ovulation itself, may have an important
effect on the growth and development of the corpus luteum. Further work relating
ovulation to the oestrogen peak on the one hand and to the gonadotrophin peak on
the other is obviously necessary.

The increase in urinary pregnanediol excretion and the rise in basal temperature
generally occurred 2-3 days after the oestrogen peak; in none of the individuals
studied did these changes occur before or on the day of the oestrogen peak. In five
subjects the rises in urinary pregnanediol and in basal temperature occurred after the
gonadotrophin peak; in two individuals (M.R. and V.N., Figs. 5 and 6) the relation¬
ships were reversed.

It is generally assumed that the increase in urinary pregnanediol and the rise in
basal temperature occur simultaneously, that both are due to an increase in the
production of progesterone by the newly formed corpus luteum and that both provide
a reliable indication that ovulation has occurred. That these traditional views may
have to be modified is suggested by the observations of Dibbelt [1950] and of Klopper



OESTROGENS, PREGNANEDIOL AND GONADOTROPHINS IN CYCLE 409

[1957] who showed that, in some subjects, the increase in urinary pregnanediol may
occur before the rise in basal temperature.

The time from the oestrogen peak at mid-cycle to the onset of menstrual bleeding
varied in individual subjects from 11 to 16 days, with a mean of 13-9 + 1-6 (s.d.) days.
The corresponding intervals dated from the gonadotrophin peak, the increase in
urinary pregnanediol excretion and the rise in basal temperature were respectively
13-2+1-7, 11-7 + 2-1 and 11-2 + 2-5 days ( ± s.d.). The variability of this time interval
is least when dated from the oestrogen peak and is greatest when dated from the
rise in basal temperatures.

The present investigations and also that of Buchholz [1957] have demonstrated
that, when gonadotrophins are extracted from urine by the method of Loraine &
Brown [1956a, b\ and are assayed by the m.u. and h.r.p. tests, the results obtained
by the two methods agree very closely at all stages of the menstrual cycle. It can
therefore be stated that throughout the menstrual cycle the mean index of discrimina¬
tion (uterus/prostate) approximates to unity. (The 'index of discrimination' was
introduced by Gaddum [1955] as a means of expressing the difference of two sub¬
stances in their action in two different tests. The index of discrimination (uterus/
prostate) can be calculated by dividing the mean potency ratio (standard/unknown)
in the m.u. test by the corresponding figure in the h.r.p. test.) It might have been
anticipated that varying proportions of urinary FSH to urinary ICSH might have
been reflected by the differences in this index. An index in the neighbourhood of
unity suggests either that the material prepared by the method of Loraine & Brown
[1956a, 6] contains a single gonadotropin with two activities, or that it contains two
gonadotrophins which are always present in the same relative proportions. The fact
that ICSH activity can usually be demonstrated in urine at all stages of the menstrual
cycle conflicts with the generally accepted view that this hormone is secreted only at
the time of ovulation and in the early luteal phase of the cycle.

One individual in this series (D. H., Fig. 7) became pregnant subsequent to artificial
insemination. The insemination was performed on the day of the cycle on which the
peak of excretion of oestrone and oestradiol-17/1 was expected. It is of interest to
note that previous inseminations in this subject performed at the time of the rise in
basal temperature had been unsuccessful.

The skilled technical assistance of the following was greatly appreciated: Mrs J. Blair,
Miss M. K. Burnett, Miss M. R. Gillon, Miss M. A. Mackay, Miss W. McGillivray and
Mrs M. Ramsay.

A summary of this paper was given to the Endocrine section of the Royal Society
of Medicine, and we are grateful to the Honorary Editors of the Proceedings of the
Royal Society of Medicine for permission to publish it in full.
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Fig. 1

Oeslrogens isolated from human urine.

Introduction

Prior to 1955, only three oestrogens had been
isolated from human sources. These were

oestradiol-17/3,* oestrone and oestriol. Their
chemical formulae are shown in Figure 1.
Studies in which each of these oestrogens was
administered to human subjects showed that
oestradiol and oestrone are rapidly inter¬

convertible in the body and are metabolized
irreversibly to oestriol. Only a small proportion
of the dose could be accounted for in the urine
as oestradiol, oestrone and oestriol (Schiller
and Pincus, 1943). Oestradiol and oestrone
were regarded as the primary oestrogenic
hormones but, at that time, no correlation had
been demonstrated between the amounts of
these produced in the body and the amounts
of the three oestrogens excreted in the urine.
Since 1955, however, considerable advances
have been made in our knowledge of the inter¬
mediary metabolism of the oestrogenic hor¬
mones and of the quantitative significance of the
metabolites excreted in the urine. These ad¬
vances have been mainly the result of work
started some years earlier by Professor Marrian
and his co-workers in Edinburgh, and by Dr.
Gallagher and his co-workers at the Sloan-
Kettering Institute in New York. The new
developments can be listed under the following
three headings:
(1) The discovery of new oestrogen metabolites

in urine.

(2) The use of oestrogens labelled with radio¬
active carbon for studying the intermediary
metabolism of the oestrogenic hormones,
and

(3) The development of reliable methods for
measuring oestradiol, oestrone and oestriol
in human urine.

I. The Discovery of the New Oestrogen
Metabolites in Human Urine

* Throughout this paper "oestradiol" implies The discovery of the new oestrogens in human
"oestradiol-17)S". urine has been facilitated by a number of factors.
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Many of them had already been synthesized in
the laboratory by Drs. Huffman and Gallagher
and their co-workers before they were shown to
be natural products. Many, but not all, of them
give a pink colour in the Kober reaction. This
colour reaction is highly specific for the natural
oestrogens and, in fact, was instrumental in the
discovery of all the new oestrogens isolated by
Professor Marrian's group. Isotopic labelling of
oestrogens has provided a specific test for
identifying their metabolic products. This
method has contributed to the identification
of four of the new urinary oestrogens.

16-epioestriol (Fig. 1)
The discovery of the first new oestrogen,

16-ep/oestriol, was reported in 1955 by Marrian
and Bauld. Its existence was indicated by the
finding of a fourth Kober chromogen during the
chromatographic separation of oestradiol,
oestrone and oestriol from human pregnancy
urine. This was isolated and identified as

16-epzoestriol, a compound which had previously
been synthesized from oestrone by Huffman
(1942).

The Ring D a-ketolic Oestrogens (Fig. 1)
Following some speculations on possible inter¬

mediates in the conversion of oestradiol to
oestriol and 16-ep/oestriol, Marrian and his
co-workers (Marrian, Watson and Panattoni,
1957; Marrian, Loke, Watson and Panattoni,
1957) isolated a 5th Kober chromogen from a
ketonic fraction of human pregnancy urine and
showed it to be 16a-hydroxyoestrone, a com¬
pound which had previously been prepared
synthetically by Leeds, Fukushima and
Gallagher (1954). Meanwhile, Levitz, Spitzer
and Twombly(1956) identified 16-oxo-oestradiol-
17/3 in the urine of subjects following the
administration of isotopically labelled oestradiol,
and later Layne and Marrian (1958) isolated this
compound from human pregnancy urine. 16-
oxo-oestradiol-17/3 had been prepared syn¬
thetically by Huffman and Lott (1948). It now
seemed likely that 16a-hydroxyoestrone was
the immediate precursor of oestriol, and that
the then unknown compound 16/3-hydroxy-
oestrone would be the corresponding precursor
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THE METHOXYLATED OESTROGENS
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Fig. 2

Oestrogens isolated from human urine (continued).

of 16-epz'oestriol. The search for 16/3-hydroxy-
oestrone was facilitated by its recent synthesis
by Biggerstaff and Gallagher (1957). Subse¬
quently, it was identified by Layne and Marrian
(1958) in human pregnancy urine and by Brown,
Fishman and Gallagher (1958) following the
administration of isotopically labelled oestradiol.

18-hydroxyoestrone (Fig. 2)
During the search for the foregoing com¬

pounds, Professor Marrian's group isolated two
more new Kober chromogens from human
pregnancy urine. One of these has been
identified as 18-hydroxyoestrone (Loke, Watson
and Marrian, 1957; Loke, Marrian, Johnson,
Meyer and Cameron, 1958). The other has not
yet been fully characterized (Marrian, 1959).

2-methoxyoestrone and 2-methoxyoestrioI (Fig. 2)
During their studies on the metabolism of

isotopically labelled oestradiol and oestrone,
Dr. Gallagher and his co-workers isolated a
radioactive fraction from urine which did not

correspond to any of the known oestrogens.
The properties of this new derivative indicated
that it was a monomethyl ether of 2-hydroxy-
or 4-hydroxyoestrone. Subsequently, synthesis
of all the possible compounds showed that it
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was 2-methoxyoestrone (Kraychy and Gallagher,
1957a, b). Later, 2-methoxyoestriol was also
identified in the urine of subjects who had
received isotopically labelled oestradiol (Fish-
man and Gallagher, 1958). Its discovery
indicates that the other 2-methoxylated oestro-
|ens such as the 2-methoxylated ring D a-ketols
are also likely derivatives to be found in urine.

II.—The Use of Isotopically Labelled
□estrogens for studying the intermediary
Metabolism of the Oestrogenic Hormones

A number of American workers have used
isotopically labelled oestrogens for studying the
metabolism of the oestrogenic hormones in man.
rhe most detailed investigations of this nature
rave been those of Dr. Gallagher and his group,
fheir findings are summarized in Figures 3 and 4.

STUDIES WITH RADIOACTIVE OESTROCENS.

(Resulls from GALLAGHER end co-workers.)

FAECES \0% URINE b5%

Fig. 3

The metabolism of oestradiol and oestrone (from Brown,
Fishman, Hellman and Gallagher, 1959).

STUDIES WITH RADIOACTIVE OESTROGENS

(results from Gallagher and co-workers)

Administered Oestradiol-17/3
|

100

Urine (65)
I

100
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—oestriol
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1 Fishman and Gallagher (1958)

35

All values shown are approximate only; they vary considerably from subject to subject.

Fig. 4

The excretion of oestrogen metabolites in the urine.
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These workers administered small doses of
16-14C labelled oestradiol and oestrone to human

subjects and measured the rates of elimination
of the radioactivity in the urine, faeces and bile.
Confirming the findings of earlier workers, they
showed that the metabolic products of oestradiol
and oestrone are indistinguishable and that the
two must therefore be rapidly interconvertible
in the body. Oestradiol and oestrone are
metabolized in the liver to a variety of products
which are conjugated mainly with glucuronic
acid. These conjugates are excreted partly in
the bile and partly in the urine. Working with
patients in whom all the bile could be collected
by means of a biliary fistula, they found that
approximately 50 per cent of the administered
radioactivity was excreted in the bile within
the first 12 hours and 50 per cent in the urine.
The metabolic products appeared to be the same
in both bile and urine (Brown, Fishman,
Hellman and Gallagher, 1959). The bile nor¬
mally drains into the gut and most of the biliary
oestrogens are re-absorbed from there and
returned to the liver, where they are excreted
again partly in the bile and partly in the urine.
Eventually, approximately 65 per cent of the
administered radioactivity was found in the
urine and 10 per cent in the faeces (Beer and
Gallagher, 1955a, b). Approximately 25 per
cent of the dose was unaccounted for.

The urine was then incubated with the enzyme,
^-glucuronidase, extracted exhaustively with
ether, and the ether extract was divided into the
"neutral plus phenolic" fraction and the
"acidic" fraction. The radioactivity present in
these two fractions and in the spent urine was
measured. Figure 4 summarizes the results
obtained from a number of individuals. Approxi¬
mately 75 per cent of the radioactivity present
in the original urine was found in the neutral
plus phenolic fractions, 5 per cent in the acidic
fraction and 20 per cent in the spent urine (Beer
and Gallagher, 1955a, b). The neutral plus
phenolic fraction, which contains all the known
oestrogen metabolites, was further processed by
countercurrent distribution and paper chromato¬
graphy and separated into a number of distinct
fractions. Many of these fractions were identified
as the known oestrogens by their chromato¬
graphic behaviour and by reverse-isotopic

dilution. The relative amounts of these oestro¬

gens present in the neutral plus phenolic
fraction, as judged by the amounts of radio¬
activity found in their respective fractions, are
shown in the figure. The values have been
abstracted from a number of publications from
the Sloan-Kettering group. They vary consider¬
ably from subject to subject and those shown
should be regarded as representative only.
Thirty-five per cent of the radioactivity in the
neutral plus phenolic fraction is still unidentified.
A small amount of this will be contributed by
18-hydroxyoestrone which was not characterized
by these workers. However, it is reasonable to
believe that more metabolites of oestradiol have
yet to be discovered and that sooner or later all
the administered dose will be accounted for.

III.—Methods for Measuring Endogenous
Oestrogen Excretion

The foregoing results were obtained by the
use of isotopically labelled oestrogens. Methods
have not yet been devised for measuring all
these urinary oestrogens when they are derived
from endogenous sources. Such a method is
likely to be extremely complicated and laborious.
However, reliable chemical methods suitable for
day-to-day routine use have been devised for
measuring three of the urinary oestrogens,
oestradiol, oestrone and oestriol. The two most
widely used of these methods were developed in
Edinburgh by Brown and Bauld working under
Professor Marrian (Brown, 1955a, later modified
by Brown, Bulbrook and Greenwood, 1957a;
Bauld, 1956). These two methods differ in the
chromatographic systems employed for the
separation and purification of the oestrogen
fractions, but in both the oestrogens are
measured colorimetrically by a modification of
the Kober colour reaction. According to the
available evidence, the three oestrogens can be
measured with reasonable precision by either
method in urines containing as little as 3 fxg of
each of them per 24-hour excretion (Marrian,
1956; Brown, Bulbrook and Greenwood, 1957b;
Gallagher, Kraychy, Fishman, Brown and
Marrian, 1958). This sensitivity has proved
adequate for studying the excretion of oestradiol,
oestrone and oestriol throughout the normal
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menstrual cycle, in gynaecological disorders,
during pregnancy, and following the adminis¬
tration of oestrogens to human subjects. The
remainder of this paper and the following paper
by Professor Kellar will deal with the results
obtained by these methods. From now on, the
term "urinary oestrogens" implies oestradiol-
17yS, oestrone and oestriol only, and the term
"total urinary oestrogens" implies the sum of
these three.

IV.—Urinary Oestrogen Excretion
Following the Administration of

Oestradiol, Oestrone and Oestriol to
FIuman Subjects

When measuring the amount of oestrogens
excreted in the urine, it is useful to know what
this represents in terms of the original oestrogens
secreted in the body. As with the study of the
intermediary metabolism of the oestrogenic
hormones, this information can be obtained by
administering oestrogens to human subjects
and measuring the amounts recovered in the
urine. Results obtained from this type of experi¬
ment are shown in Table I.

Table I

Urinary Oestrogen Excretion Following the Intramuscular
Administration of Oestrogens to Human Subjects. Results

for Oestradiol-17/3, Oestrone and Oestriol Only
(Brown, 1957)

Oestrogen
Injected

"Total" Additional
Oestrogen Excreted

Number of as Percentage of
Experiments Injected Dose

Mean Range

Oestradiol-17/S
Oestrone ..

Oestriol

23
22
79

13-35
15-38
73-85

"Total" oestrogen=oestradiol-17/3+oestrone+ oestriol.
The results are corrected for methodological losses.

Following the administration of either
oestradiol or oestrone, the fraction of the dose
recovered in the urine as the three oestrogens
ranged from 13 to 38 per cent with a mean of
22 per cent.* Therefore if it is assumed that

* This figure agrees closely with that for oestradiol,
oestrone and oestriol given in Figure 4,

oestradiol and oestrone are the primary oestro¬
genic hormones, then, as a first approximation,
the amounts of these secreted per 24 hours by
the ovaries and adrenals can be calculated by
multiplying the total urinary figures by a factor
of 5.

Table II shows the relative proportions of the
three oestrogens recovered in the urine following
the administration of oestradiol, oestrone and
oestriol and also the corresponding figures for
the excretion of endogenous oestrogens during
the follicular and luteal phases of the menstrual
cycle. Following the intramuscular injections of

Table II

Relative Proportions of Oestradiol-17fS, Oestrone and
Oestriol Excreted in the Urine (A) After the Intramuscular
Injection of Oestradiol-17fl, Oestrone and Oestriol, and
IB) During the Ovulatory and Luteal Phases of the

Menstrual Cycle
(from Brown, 1957)

Oestrogen Injected

Amounts of Individual
Oestrogens Excreted as
Percentages of "Total"

Oestrogen Excreted
(Mean±S.D. for 6 Subjects)

Oestradiol-17/8 Oestradiol-17/3
Oestrone
Oestriol

15± 4
41 ± 8
44±11

Oestrone Oestradiol-17/3
Oestrone
Oestriol

10± 3
44-t 6
46± 8

Oestriol Oestradiol-17/3
Oestrone
Oestriol

0
0

100

Phase of
Menstrual Cycle

B

Amounts of Individual
Oestrogens Excreted as
Percentages of "Total"

Oestrogen Excreted
(Mean + S.D. for 8 Subjects)

Ovulatory phase Oestradiol-17/9
Oestrone
Oestriol

15± 5
40± 8
45±12

Luteal phase Oestradiol-17/8
Oestrone
Oestriol

14± 4
38± 8
48 ±11

"Total" oestrogen=oestradiol-17/3 -(- oestrone+oestriol.
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oestradiol and oestrone, approximately 13 per
cent of the "total" oestrogens recovered in the
urine was oestradiol, 42 per cent was oestrone
and 45 per cent was oestriol. These proportions
were practically the same as those for the
excretion of endogenous oestrogens during the
follicular and luteal phases of the menstrual
cycle. In contrast, the administration of oestriol
led to the excretion of oestriol only in the urine.
These findings support the belief that the human
ovary secretes oestradiol or oestrone or a mixture
of both but not significant amounts of oestriol.

V.- -Urinary Oestrogen Excretion During
the Menstrual Cycle

Before attempting to interpret results obtained
in gynaecological disorders, it was necessary,
first of all, to establish with certainty the normal
range of values for the ovulatory menstrual
cycle.

Figures 5-7 illustrate the results obtained.
The amounts of the three oestrogens excreted
rise and fall together. They are lowest during
the first week of the cycle and then rise to a well
defined peak (the "ovulatory peak") on or
about the 13th day of the cycle. The oestrogen
excretion then falls and rises again to a second
maximum. This "luteal maximum" is usually
lower than the "ovulatory peak" and in some
women may be virtually absent. During the last
few days of the cycle the oestrogen excretion
falls and menstruation occurs at this time. The
mid-cycle peak has been observed in every
ovulatory cycle studied. Its shape is highly
characteristic: it is shown by all three oestrogen
fractions; the rise to the peak is usually gradual
and the fall after the peak is abrupt; the rise and
fall of the oestriol levels tend to lag slightly
behind the rise and fall in oestradiol and oestrone

levels (in Figure 5 the highest excretion of
oestradiol/oestrone occurred on the 13th day
while that of the oestriol occurred on the 14th

day); and the interval of time between the peak
and the onset of menstruation is approximately
14 days. These findings may be explained as
follows: the amounts of oestradiol and oestrone
secreted increase as the Graafian follicle in¬
creases in size and reach a peak just before
rupture at ovulation; rupture causes a temporary

arrest in oestrogen production and the output
falls; growth and regression of the corpus luteum
leads to the second rise and fall in oestrogen
excretion. If this interpretation is correct, then
ovulation should be very closely related in time
to the mid-cycle peak of oestrogen excretion.
Proof of this point is difficult. However, there
is no doubt that measurement of the daily
output of urinary oestrogens provides very
useful information concerning ovarian activity
and that the finding of the characteristic
"ovulatory" peak is good evidence that ovula¬
tion has occurred (Brown, 1955b; Brown,
Klopper and Foraine, 1958; Brown, Kellar and
Matthew, 1959).

Summary

(1) At the present time, 10 metabolites of the
primary oestrogenic hormones, oestradiol and
oestrone, have been isolated from human urine
and identified.

Fig. 5

Urinary excretion of oestrogens during the menstrual
cycle. This Figure shows the amounts of oestradiol,
oestrone and oestriol excreted per 24 hours, and also

the variations in basal temperature.
menstrual period.

Subject, aged 36; para-3 (from Brown, 1955b).

^ 30
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OESTROGEN LEVELS DURING THE MENSTRUAL CYCLE

DATA FROM 16 WOMEN, AGED 18 —41 YEARa

Fig. 6

Mean, maximum and minimum levels of urinary oestradiol, oestrone and
oestriol excreted by 16 women, aged 18^11 years with normal menstrual
cycles. The time between the onset of bleeding (day 1) and the ovulatory
peak of oestrone/oestradiol varied from 10 to 18 days (mean 13 days) and
between this peak and the onset of the next menstruation, from 12 to 16 days
(mean 14 days). Curves were constructed by superimposing individual curves
in such a way that each of the oestrone/oestradiol ovulatory peaks coincided

with day 13 of the composite curves.

^■saHE=menstruation.

MAXIMUM

MEAN

MINIMUM

MAXIMUM
MEAN

MINIMUM

OESTRONE.
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TOTAL OESTROGEN LEVELS DURING THE MENSTRUAL CYCLE.

DATA FROM 16 WOMEN, AGED 18-41 YEARS

Fig. 7

Mean, maximum and minimum levels of "total" urinary oestrogens
excreted by 16 women, aged 18-41 years with normal menstrual cycles.
The time between the onset of bleeding (day 1) and the ovulatory
peak of oestrone/oestradiol varied from 10 to 18 days (mean 13 days)
and between this peak and the onset of the next menstruation, from
12 to 16 days (mean 14 days). Curves were constructed by super¬

imposing individual curves in such a way that each of the oestrone/
oestradiol ovulatory peaks coincided with day 13 of the composite
curves. Results obtained by summing the values shown in Figure 6.

HMHH—menstruation.

(from Brown, Kellar and Matthew, 1959)
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(2) Oestrogen metabolism has been studied
using isotopically labelled compounds. Oestra-
diol and oestrone are rapidly interconvertible
in the tissues and are metabolized and con¬

jugated in the liver. The metabolic products are
excreted in the urine and in the bile. Most of
the biliary component is re-absorbed from the
gut and excreted eventually in the urine; the
remainder is excreted in the faeces. The urinary
component has been further fractionated and the
quantitative relationship between the 10 known
metabolites and the oestrogen administered has
been determined. Part of the administered

radioactivity is still unaccounted for.
(3) Methods of proved reliability are avail¬

able for measuring three of the urinary oestro-
gens, oestradiol, oestrone and oestriol. These
methods provide useful information concerning
ovarian activity during the menstrual cycle and
the values obtained can be related to the
amounts of oestrogens secreted by the ovary.

References

Bauld, W. S. (1956): Biochem. J., 63, 488.
Beer, C. T., and Gallagher, T. F. (1955a): J. biol. Chem.,

214, 335.
Beer, C. T., and Gallagher, T. F. (1955b): J. biol. Chem.,

214, 351.
Biggerstaff, W. R., and Gallagher, T. F. (1957): J. org.

Chem., 22, 1220.
Brown, B. T., Fishman, J., and Gallagher, T. F. (1958):

Nature (Lond.), 182, 50.
Brown, B. T., Fishman, J., Hellman, L., and Gallagher,

T. F. (1959): Personal communication. Sloan-
Kettering Institute for Cancer Research, New York.

Brown, J. B. (1955a): Biochem. J., 60, 185.
Brown, J. B. (1955b): Lancet, 1, 320.

Brown, J. B. (1957): J. Endocrin., 16, 202.
Brown, J. B., Bulbrook, R. D., and Greenwood, F. C.

(1957a): J. Endocrin., 16, 49.
Brown, J. B., Bulbrook, R. D., and Greenwood, F. C.

(1957b): J. Endocrin., 16, 41.
Brown, J. B., Kellar, R., and Matthew, G. D. (1959):

J. Obstet. Gynaec. Brit. Emp., 66, 177.
Brown, J. B., Klopper, A., and Loraine, J. A. (1958):

J. Endocrin., 17, 401.
Fishman, J., and Gallagher, T. F. (1958): Arch. Biochem.

Biophys., 77, 511.
Gallagher, T. F., Kraychy, S., Fishman, J., Brown, J. B.,

and Marrian, G. F. (1958): J. biol. Chem., 233, 1093.
Huffman, M. N. (1942): J. Amer. chem. Soc., 64, 2235.
Huffman, M. N., and Lott, M. H. (f948): J. biol. Chem.,

172, 325.
Kraychy, S., and Gallagher, T. F. (1957a): J. Amer.

chem. Soc., 79, 754.
Kraychy, S., and Gallagher, T. F. (1957b): A biol. Chem.,

229, 519.
Layne, D. S., and Marrian, G. F. (1958): Nature {Lond.),

182, 50.
Leeds, N. S., Fukushima, D. K., and Gallagher, T. F.

(1954): J. Amer. chem. Soc., 76, 2943.
Levitz, M., Spitzer, J. R., and Twombly, G. H. (1956):

J. biol. Chem., 222, 981.
Loke, K. H., Watson, E. J. D., and Marrian, G. F.

(1957): Biochim. Biophys. acta, 26, 230.
Loke, K. H., Marrian, G. F., Johnson, W. S., Meyer,

W. L., and Cameron, D. D. (1958): Biochim.
Biophys. acta, 28, 214.

Marrian, G. F. (1956): Ann. Rep. Brit. Emp. Cancer
Campgn, London, p. 340.

Marrian, G. F. (1959): Proc. IVth int. Congr. Biochem.,
Vienna. Vol. IV. In press. Pergamon Press, London.

Marrian, G. F., and Bauld, W. S. (1955): Biochem. J.,
59, 136.

Marrian, G. F., Loke, K. H., Watson, E. J. D., and
Panattoni, M. (1957): Biochem. J., 66, 60.

Marrian, G. F., Watson, E. J. D., and Panattoni, M.
(1957): Biochem. J., 65, 12.

Schiller, J., and Pincus, G. (1943): Arch. Biochem., 2,
317.



26
Reprinted from

THE JOURNAL OF
CLINICAL ENDOCRINOLOGY AND METABOLISM

Vol. 28, No. 10, October, 1968, pp. 1508-1512

Printed in the U.S.A.

Relationship Between Plasma Luteinizing Hormone and Urinary
Estrogen Excretion During the Menstrual Cycle

H. G. BURGER, K. J. CATT, and J. B. BROWN
The Medical Research Centre and the Department of Medicine, Monash University, Prince Henry's Hospital,
and the Department of Obstetrics and Gynaecology, University of Melbourne, Melbourne, Australia

ABSTRACT. Plasma immunoreactive luteiniz¬

ing hormone and urinary estrogens were mea¬
sured throughout 12 normal menstrual cycles
with special emphasis on relating the time se¬
quence of the peaks at midcycle. The initial
increase in urinary estrogens preceded that of

DURING the past 30 years, numerousinvestigations have been reported on
the excretion of estrogens and gonado-
trophins throughout the normal menstrual
cycle. Few of these studies, however, in¬
cluded parallel measurements of the two
groups of hormones in the same subjects
(1). Although the assay methods for es¬

trogens were sufficiently sensitive to per¬
mit daily measurements of their excretion,
the biological assays for gonadotrophins
required two- to three-day pools of urine
and therefore study of the exact time
sequence of the changes occurring, par¬
ticularly at ovulation, was impossible.
More recently, sensitive and specific radio¬
immunoassays for plasma luteinizing hor¬
mone (LH) using small volumes of unex-
tracted plasma have been described (2-9).
By means of these methods, a sharp mid-
cycle peak in plasma LH concentration has
been repeatedly demonstrated during the
normal ovulatory menstrual cycle.

The present paper reports a study in
which plasma levels of immunoreactive
LH and urinary levels of estrogens have
been measured during the same cycles to
determine the relationship in time be¬
tween the production of the two groups
of hormones.

Received May 14, 1968; accepted July 7.

LH, and in those cycles in which the day of
maximum LH concentration could be defined
precisely, this occurred either on the same day as
the midcycle peak estrogen value or 1-2 days later.
{J Clin Endocr 28: 1508, 1968)

Materials and Methods

Subjects. Five healthy volunteers (subjects 1 -5)
aged 19-25 yr, with histories of regular men¬
strual cycles were each studied throughout a
menstrual cycle. Oral temperatures were re¬
corded daily before rising and all cycles were
ovulatory as judged by the finding of a biphasic
temperature pattern. The first urine specimen
passed each morning after rising was analyzed
for estrogens. The amounts were expressed in
/xg/l and the specimen was considered to belong
to the day of the cycle preceding the morning of
collection. Blood was drawn by venipuncture
between 9 am and 5 pm daily for at least 8 days
over midcycle and every 2-4 days at other
times.

Another 7 women aged 19-45 yr (subjects
6-12) were studied less completely by collecting
blood at intervals of 2-4 days throughout their
cycles. In these, complete 24-hr urine collec¬
tions were made daily from approximately 7 am
to 7 am an<T the estrogen and pregnanediol con¬
tent was measured. All these cycles were ovula¬
tory as judged by the finding of luteal phase in¬
creases in pregnanediol output.

Eleven subjects were unmarried and one
(subject 7) had 3 children. The first day of men¬
struation was designated day 1 of the cycle. The
blood was heparinized and the plasma separated
by centrifugation within 15 min of collection.

Plasma luteinizing hormone. This was measured
by radioimmunoassay, using the solid-phase
method of Catt, Niall, Tregear and Burger (9)
or the paper chromatoelectrophoretic method
of Burger, Oliver, Davis and Catt (10). The
coefficient of variation of the methods is 20-

1508
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Table 1. Summary of results

Day^fcycle Duration T .,
plpvfltinn Length

Subject Urinary estrogen Plasma LH e T ,, of cycle
°j days

Rise* Peakf Rise* Peak) aays
1 9 14 13 15 3 27
2 11 14 14 16 4 28
3 12 17 15 17 4 31
4 10 13 11 14 4 28
5 8 12 11 12 4 25

6 16 18 17+ 18+1 3 31
7 8 12 11 12+1 26
8 10 16 13+ 15+1 27
9 9 13 26

10 12 16 14+ 17+1 29
11 7 10 10+ 11+1 24
12 10 14 11 + 15+1 26

+ Values indicate uncertainty due to incomplete coverage by daily blood samples.
* Day on which the first elevated value was detected; for definition see text,
f Day on which the maximum midcycle value was reached.

25% at concentrations below 20 mlU/ml and
10-15% at higher concentrations. The immuno¬
assay standard was the 2nd International Ref¬
erence Preparation of Human Menopausal
Gonadotrophin (2nd IRPHMG).

Urinary estrogens. Total urinary estrogens were
measured by the rapid method of Brown, Mac-
leod, Macnaughtan, Smith and Smyth (11).
The coefficient of variation of the method is 6 %
at excretion rates less than 10 Mg/24 hr and 4%
at higher rates. The results are approximately
1.22 times the sum of estriol, estrone and estra¬
diol obtained by the method of Brown (12).

Urinary pregnanediol was measured by gas-
liquid chromatography on Gas Chrom Q coated
with 0.5% neopentylglycol adipate polyester
(Applied Science Laboratories Inc., State Col¬
lege, Pa.) as described by Cox (13). This sys¬
tem does not require derivative formation, the
sensitivity is 0.05 mg/24 hr urine, and the co¬
efficient of variation is 3% at excretion rates
less than 1 mg/24 hr and 2.5% at higher rates.
Values greater than 1 mg/24 hr are uncommon
during the follicular phase of the cycle and
values greater than 2 mg/24 hr indicate the
presence of a functioning corpus luteum.

The initial rise in the output of LH and estro¬
gen was considered to have commenced when
the value was at least double the lowest level
found during the follicular phase and was part
of a continued increase until the peak was
reached.

Results

The results are summarized in Table 1

and the composite values found through¬
out the complete cycles in subjects 1-5
are shown in Fig. 1.

Plasma luteinizing hormone. A definite
elevation of plasma LH, defined as values
exceeding 3 sd of the mean follicular
phase level for the subject, was observed
in all cycles except that of subject 9. In
this case, no blood was collected during
days 12-14 when, according to the estro¬
gen data, the LH peak would have been
expected. The maximum LH value ranged
from 46 to 174 mlU/ml plasma. In sub¬
jects 1-5, in whom at least five specimens
from both follicular and luteal phases
were analyzed, the mean LH values
(+ sd) during the two phases were, re¬
spectively, 9.1 + 4.1 and 10.8+9.3 mlU/
ml plasma. These means were not signifi¬
cantly different. In these five subjects,
the elevation of LH could be detected for
three to four days and the peak values
occurred between the 12th and 18th days
of the cycles or 12 to 14 days (mean 13.0)
before the onset of menstruation. The
results in subjects 6-12, in whom the day
of the peak could not be defined with such
certainty, were in general agreement with
these findings.
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Urinary estrogen excretion. In all 12 cycles
studied, the estrogen levels showed the
characteristic biphasic pattern of the ovul¬
atory menstrual cycle, with a rise during
the follicular phase reaching a peak at
midcycle, a subsequent fall, and a second
rise and fall during the luteal phase.

The day on which the maximum excre¬
tion occurred at midcycle varied from the
tenth to the 18th day, or 11 to 15 days
(mean 13.3) before the onset of the next
menstrual period. In subjects 1-5, the
maximum plasma LH value was found to
occur during the same 24-hour period as
this maximum estrogen value in two
cycles, during the next 24-hour period in
two cycles, and two days later in one.
The results in subjects 6-12 were in gen¬
eral agreement with these findings; the
only instance in which the maximum LH
figure preceded this estrogen maximum
was in subject 8, and here blood had not
been collected during the two days before
or after the observed value and therefore
the day of maximum LH concentration
could not be defined exactly. In all cases
the rise in urinary estrogen output com¬
menced before any rise in plasma LH
could be detected, the time interval be¬
tween the two events being one to four
days (mean 2.5).

Discussion

The values for urinary estrogen excre¬
tion and for plasma LH concentration
throughout the ovulatory menstrual cycle
agree with those previously reported (1,14).
However, no previous study has docu¬
mented the interrelationships in time
between the changes in the levels of the
two hormones in the same subjects. The
only comparable study is that of Brown,
Klopper and Loraine (1), in which the
LH was measured by bioassay on urine
and the need to pool two- to three-day
-<r-m

specimens of urine could have obscured
the exact time sequence of the peak re¬
lease of LH by the pituitary. Neverthe¬
less, their results were essentially the
same as those obtained here.

As in their study, the initial increase in
urinary estrogen excretion was the first
measurable indication of increasing ovar¬
ian activity following the quiescent phase
marked by menstrual bleeding. This in¬
crease was observed between the eighth
and 16th day (mean 10.1) and preceded
the well-defined ovulatory peak by two
to six days (mean 3.9). No increase in
plasma LH levels was detected until one
to four days after the initial increase in
urinary estrogens. Brown et al. (1) found
that the peak of urinary LH occurred
either on the same day as the peak of
urinary estrone excretion or one to four
days later. In the present study, the LH
peak also occurred on the same day as
the peak of urinary estrogens or one to
two days later. Here, a mixture of estro¬
gens was measured, the most important
being estrone and estriol (11). Estrone is
the more immediate excretory product of
ovarian estrogen production, whereas the
excretion of estriol is delayed six to 12
hours (1).

Therefore, when measuring such mix¬
tures, the time interval between peak
ovarian production and peak urinary
levels depends on whether estrone or
estriol is the major excretory product,
and in some of the women studied, the
peak ovarian production could have oc¬
curred during the 24-hour period before
that in which the peak values were ob¬
served in the urine. The finding that the
time sequence is the same whether the
LH is measured in urine or plasma shows
that delay through renal clearance was
not a factor in causing the changes in the
levels of LH to follow after those of estro-

Fig. 1. Concentrations of plasma LH and of urinary estrogens throughout 5 normal menstrual cycles
(subjects 1-5). All values have been plotted so that the days on which the maximum LH values occurred
are superimposed (day 0). A ▲ Subject 1, • • subject 2, X X subject 3, O O subject
4, -| (- subject 5.
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gens (1). This time sequence can therefore
be accepted as real, a finding which has
important theoretical implications when
considering feedback mechanisms between
ovary and pituitary.

Acknowledgments
This work was supported by grants from the

National Health and Medical Research Council of
Australia. We wish to thank Misses J. Davis, C.
Skermer, P. Fischer and P. Goode for technical
assistance.

References

1. Brown, J. B., A. Klopper, and J. A. Loraine,
J Endocr 17: 410, 1958.

2. Odell, W. D., G. T. Ross, and P. L. Rayford,
Metabolism 15: 287, 1966.

3. Midgley, A. R., Endocrinology 79: 10, 1966.

4. Bagshawe, K. D„ C. E. Wilde, and A. H. Orr,
Lancet 1: 1118, 1966.

5. Franchimont, P., Ann Endocr {Paris) 27:
273, 1966.

6. Wide, L., and J. Porath, Biochim Biophys Acta
130: 257, 1966.

7. Faiman, C., and R. J. Ryan, Proc Soc Exp
Biol Med 125: 1130, 1967.

8. Schalch, D. S., A. F. Parlow, R. C. Boon, and
S. Reichlin, J Clin Invest 47: 665, 1968.

9. Catt, K. J., H. D. Niall, G. W. Tregear, and
H. G. Burger, J Clin Endocr 28: 121, 1968.

10. Burger, H. G., J. R. Oliver, J. Davis, and K. J.
Catt, Aust J Exp Biol Med (in press).

11. Brown, J. B., S. C. MacLeod, C. Macnaughtan,
M. A. Smith, and B. Smyth, J Endocr (in
press).

12. Brown, J. B., Biochem J 60: 185, 1955.
13. Cox, R. I., J Chromatogr 12: 242, 1963.
14. Midgley, A. R., and R. B. Jaffe, J Clin Endocr

26: 1375, 1966.



27

PRELIMINARY OBSERVATIONS ON URINARY
OESTROGEN EXCRETION IN CERTAIN

GYNAECOLOGICAL DISORDERS

By

JAMES B. BROWN, ROBERT KELLAR

and

G. DOUGLAS MATTHEW

Reprinted from
The Journal of Obstetrics and Gynaecology of the British Empire

Vol. LXV1, No. 2, April 1959



———= The Journal of ——=—

Obstetrics and Gynaecology of the British Empire
VOL. LXVI, No. 2 NEW SERIES APRIL 1959

PRELIMINARY OBSERVATIONS ON URINARY OESTROGEN
EXCRETION IN CERTAIN GYNAECOLOGICAL DISORDERS

by

James B. Brown

Robert Kellar

and

G. Douglas Matthew
From the Department of Obstetrics and Gynaecology and the Clinical Endocrinology Research Unit

{Medical Research Council), University of Edinburgh

The conservative therapy of functional gynaeco¬
logical disorders does not at present rest on
particularly strong foundations. A partial know¬
ledge of the hormonal conditions existing in
many of these disorders has been obtained by
means of histological examination of the
endometrium, by vaginal cytology or by means
of semi-quantitative biological assays of blood
and urine. It might be expected that a more
complete knowledge of the hormonal production
and excretion of the pituitary and ovarian glands
would lead to a more rational approach in the
treatment of these disorders.

Brown (1955a) published a chemical method
of estimating the urinary oestrogens, oestriol,
oestrone and oestradiol, with a proven degree
of accuracy and later recorded the pattern of
their excretion during the normal menstrual
cycle (Brown, 1955b). The present paper is con¬
cerned with a preliminary survey of urinary
oestrogen excretion in a variety of gynaecological
disorders. In all, the results of investigation of
75 cases are presented and these represent our
complete experience gained in this field up to the
present time. This study, however, deals with one
aspect only of the general problem, and other
papers will follow from these departments in

which measures of gonadotrophic and progesto-
genic function are also recorded.

The measurement of urinary oestrogens is an
indirect method of measuring the amounts of
oestrogens secreted in the body. It is well
established that the ovaries and adrenals are the

major sources of oestrogens in women and that
the oestrogens they secrete are almost certainly
oestradiol-17/3 and oestrone. These two
oestrogens are inter-convertible in the body
and are metabolized to a variety of conjugated
products which are excreted largely in the
urine. The urinary metabolites include the three
"classical" oestrogens, oestriol, oestrone and
oestradiol-17 /3, which are measured by the
method employed, and also the more recently
discovered oestrogens, such as 16-e/?/oestriol,
16a-hydroxyoestrone, 16/S-hydroxyoestrone and
2-methoxyoestrone which are not measured by
this method. The relative proportions of each
of the metabolites excreted may vary from one
individual to another, so that given levels of
urinary oestriol, oestrone and oestradiol in
different individuals may represent different
levels of production of the primary hormones.
This variability should be borne in mind in any
attempt to correlate oestrogen production in the

' 9
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body with levels found in the urine. In the work
to be described, it has been found more signifi¬
cant to express results in terms of the sum of
oestriol, oestrone and oestradiol, rather than of
the individual oestrogens. It is likely that the
measurement of all the urinary metabolites will
give a much more exact picture of oestrogen
production but this improvement must await
further developments in assay techniques. It is
unlikely, however, that the omission of these
additional oestrogens in this study affects the
general conclusions to any significant extent.

It is not proposed to review the previous
literature on the quantitative excretion of
oestrogens in gynaecological disorders. The
methods of assay have been based largely on the
vaginal cornification test introduced by Allen
and Doisy in 1923 or later on the rat uterine
weight method. The methods of assay used in
the past have been subject to many gross errors
and the sources of these have been fully reviewed
by Loraine (1958).

Summary of Technique

(1) Oestrogen Assay. Urinary oestriol,
oestrone and oestradiol-17 jS were measured by
the method of Brown (1955a). In some cases,
where interference by drugs was suspected or
where the oestrogen levels were very low, the
modified method described by Brown, Bulbrook
and Greenwood (1957a) was used. In this work
the term "total" oestrogens implies the sum of
oestriol, oestrone and oestradiol. Results were
not corrected for methodological losses.

(2) Urinary Collection. Sometimes 24-hours
specimens of urine were collected by the nursing
staff while the patient was in hospital; more
frequently the urine was collected most con¬
scientiously by the patient herself in her own
home. On occasions, pressure of work made it
necessary to pool the urine in 48-hours samples.
The results are expressed in terms of 24-hours
urinary excretion.

(3) Endometrial Histology. Sections of the
endometrium were stained by haematoxylin and
eosin and, on occasion, stains were used to
demonstrate glycogen and mucin. Before this
paper was written, all the sections involved were

gathered together and a fresh report written
without any reference to the clinical notes. These
new reports were then reviewed in conjunction
with the menstrual data and the oestrogen
excretion values.

The results are presented in the following
sections:

I. Post-menopausal bleeding.
II. Dysfunctional uterine bleeding.

III. Amenorrhoea.

The Normal Menstrual Cycle

Before embarking upon a description of
oestrogen excretion in abnormal states, it will
be useful to review the knowledge on oestrogen
excretion in the normal menstrual cycle. During
the first 2 or 3 days of bleeding in a 28-day
cycle the oestrogen excretion is low, being in the
range 4-22 jig. "total" oestrogen per day (mean
12 jig.). The oestrogen levels then rise to a well-
defined peak which occurs on about the 13th
day of the cycle. This peak has been called the
"ovulatory" or "follicular" maximum. The
oestrogen excretion at this time ranges from
35-100 jig. (mean 57 jig.) per 24 hours. The
characteristic features of this peak are that it is
shown by all 3 oestrogens, the rise to the peak is
usually gradual and the subsequent fall is often
abrupt, the interval of time between the peak
and the onset of menstruation is usually about
14 days, the rise and fall of the oestriol levels
tend to lag behind the rise and fall of the
oestrone and oestradiol levels.

Following this temporary elevation, there is a
short period of decrease followed by anothei
rise, termed the "luteal" maximum, which
averages about 33 jig. daily (range 17-87 jig.).
In most cycles studied, the follicular maximum
exceeds that of the luteal maximum but this is
not invariable. During the last few days of the
cycle, the oestrogen excretion falls rapidly and
by the first day of the next cycle it has again
reached an average figure of 12 jig. daily. It is
important that this pattern and these mean
excretion rates should be remembered when
considering abnormalities of the cycle. Figure 1
illustrates the values found during normal
ovulatory menstrual cycles.



URINARY OESTROGEN EXCRETION IN CERTAIN GYNAECOLOGICAL DISORDERS 179

Section I

post-menopausal haemorrhage

This section consists of 23 patients in whom
the presenting symptom was post-menopausal
haemorrhage. In these cases there was a wide

variation in the interval between menopause and
bleeding and a variety of pathological conditions
were responsible for the bleeding. For the
purposes of this study it is convenient to sub¬
divide the cases into 3 groups according to the
histological state of the endometrium.

mean.

day of cycle.

Fig. 1

Mean, maximum and minimum levels of total urinary oestrogens from
16 women, aged 18-41 years, with normal menstrual cycles. Time between
onset of bleeding (day 1) and ovulatory peak of oestrone/oestradiol varied
from 10 to 18 days (mean 13 days) and, between oestrone/oestradiol
ovulatory peak and first day of next menstruation, from 12 to 16 days (mean
14 days). Curves were constructed by superimposing individual curves in
such a way that each of the oestrone/oestradiol ovulatory peaks coincide

with day 13 of the composite curves.

minimum.
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Group I. Inactive Endometrium
In the 10 cases comprising this group, in¬

activity of the endometrium was determined in
the following circumstances: curettage was
performed and tissue was obtained showing the
accepted histological picture of a senile endo¬
metrium; curettage was performed but no
endometrial tissue could be obtained; in cases
of adenocarcinoma of the endometrium or

endometrial polypus no normal endometrial
tissue was obtained on curettage.

CASE NO. 4.

OPERATION

Case No. 1. Aged 61 years. Para 1 + 1. The menopause
occurred at 55 years and 5£ years later there was a recur¬
rence of bleeding which lasted for 3 months prior to
admission. Diagnostic curettage performed on 1st
November, 1955 provided the diagnosis of adeno¬
carcinoma of the endometrium and hysterectomy with
bilateral salpingo-oophorectomy was carried out on
28th November, 1955. No normal endometrium was
discovered in either the curettage or hysterectomy
specimens. Oestrogen Assays: 2x48 hours urinary
collections were made in the immediate pre-operative
period. Range: oestriol 21 fig., 5 0 fig. (mean 3-5 fig.);
oestrone 0-7 fig., 1-9 fig. (mean 1-3 fig.); oestradiol
1-1 fig., 1-2 fig. (mean 1-2 fig.); total 3-9 fig., 8-1 fig.
(mean 6 0 fig.).

"1—I—T
22 23 24 25 26 27 28 29

APRIL 1956.

Fig. 2

Case No. 4. Post-menopausal bleeding. Endometrial
adenocarcinoma.

Case No. 2. Aged 63 years. Para 5+0. The menopause
occurred at 52 years and 11 years later there was bleeding
for 6 weeks prior to admission. On examination there
was found to be a marked degree of genital prolapse with
cervical ulceration and senile vaginitis. Diagnostic
curettage performed on 30th December, 1955 failed to
obtain any endometrial tissue. Pelvic floor repair was
effected but the uterus was not removed. Oestrogen
Assays: 1 x24 hours and 1 x48 hours urinary collections
were made immediately prior to operation. Range:
oestriol 2-4 fig., 3-7 fig. (mean 3-3 fig.); oestrone nil,
0-5 fig. (mean 0-3 fig.); oestradiol nil, nil (mean nil);
total 2-4 fig., 4-2 fig. (mean 3-6 fig.).

Case No. 3. Aged 56 years. Para 1 +0. The menopause
occurred at 50 years and, following 6-years amenorrhoea,
there was bleeding for 5 months prior to admission.
Diagnostic curettage was carried out on 1st February,
1956 and provided the diagnosis of endometrial adeno¬
carcinoma. No normal endometrium was demonstrated
in the curettings. This case was treated by radium.
Oestrogen Assays: 3 x 24 hours urinary collections were
made following the curettage. Range: oestriol 3 • 1 fig.
to 6-6 fig. (mean 51 fig.); oestrone 1-2 fig. to 1-9 fig.
(mean 1 -4 fig.); oestradiol nil to 2-2 fig. (mean 0-7 fig.);
total 4 • 3 fig. to 9 • 7 fig. (mean 7 • 2 fig.).

April, 1956 supplied the diagnosis of endometrial adeno¬
carcinoma and hysterectomy with bilateral salpingo-
oophorectomy was carried out on 26th April, 1956. In
the hysterectomy specimen areas of normal senile endo¬
metrium were demonstrated. Oestrogen Assays: 4x24
hours urinary collections were made prior to hyster¬
ectomy. Range: oestriol 1-3 fig. to 3-4 fig. (mean 2-3
fig.); oestrone 0-8 fig. to 1-3 fig. (mean 0-9 fig.);
oestradiol nil to nil (mean nil); total 2-1 fig. to 4-7 fig.
(mean 3-2 fig.). Two x24 hours urinary collections were
made following hysterectomy. Range: oestriol 1-3 fig.,
4-0 fig. (mean 2-7 fig.); oestrone nil, 0-7 fig. (mean
0-4 jug.); oestradiol nil, nil (mean nil); total 2 0 fig.,
4 0 fig. (mean 3-0 fig.).

Case No. 4 (Fig. 2). Aged 72 years. Para 0+0. The
menopause occurred at 42 years and 21 years later
bleeding occurred and continued intermittently for 9
years until admission. Diagnostic curettage on 19th

Case No. 5. Aged 58 years. Para 5+0. The menopause
occurred at 46 years. There followed a period of amenor¬
rhoea of 12 years and then 8-months bleeding before
admission for oestrogen assays. Diagnostic curettage
performed on 7th May, 1956 revealed a senile endo¬
metrium. Oestrogen Assays: 5 x 24 hours urinary
collections were made immediately prior to curettage.
Range: oestriol 11 fig. to 2-9 fig. (mean 2-2 fig.);
oestrone 1 • 3 fig. to 1 • 8 fig. (mean 1 • 5 fig.); oestradiol
nil to nil (mean nil); total 2-7 fig. to 4-7 fig. (mean
3-8 fig.).

In the follow-up of this case further episodes of
bleeding occurred but were considered to be due to a
vascular urethral caruncle and another curettage per¬
formed on 26th April, 1957 again demonstrated senile
endometrium.
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Case No. 6. Aged 61 years. Para 1+0. The menopause
>ccurred at 38 years and was followed by amenorrhoea
or 23 years. Intermittent vaginal bleeding occurred for
>ne year prior to admission. Diagnostic curettage was
>erformed on 8th June, 1956 and provided the diagnosis
>f endometrial adenocarcinoma. Treatment by hyster¬
otomy with bilateral salpingo-oophorectomy was
arried out on 16th June, 1956. Examination of the
xtirpatcd uterus confirmed the presence of adeno-
:arcinoma but areas of endometrium adjacent to the
umour showed characteristic senile atrophic changes.
Oestrogen Assays: 4 x 24 hours urinary collections were
nade prior to laparotomy. Range: oestriol 4-2 /xg. to
0 • 2 /xg. (mean 7 • 5 /xg.); oestrone 1 • 0 /xg. to 1-8 /xg.
mean 1-5 /xg.); oestradiol nil to nil (mean nil); total
i-2 /xg. to 12-0 /xg. (mean 9-0 /xg.).

Case No. 7. Aged 54 years. Para 0+0. The menopause
>ccurred at 50 years and 4 years later there was vaginal
deeding for one week prior to admission. On examina-
ion there was found to be a vascular polypus arising
rom the cervix and this was excised on 13th November,
956. At the same time curettage was carried out but no
ndometrial tissue was obtained. It was accepted that the
ervical polypus was the source of bleeding and there
vas no recurrence of this symptom during the sub-
equent follow-up period. Oestrogen Assays: 2x48 hours
irinary collections were made prior to operation. Range:
icstriol 2 • 2 /xg., 4 • 1 /xg. (mean 3 • 1 /xg.); oestrone 1 • 6 /xg.,
•4 /xg. (mean 1-5 /xg.); oestradiol nil, nil (mean nil);

otal 3-8 /xg., 5-5 /xg. (mean 4-6 /xg.).
Case No. 8. Aged 57 years. Para 8+0. The menopause

vas induced by intra-uterine radium at the age of 55
■ears. The indication was metropathia haemorrhagica.
following amenorrhoea for 2 years intermittent vaginal
deeding occurred during the 2 months prior to admission,
do abnormality could be discovered upon examination
.nd diagnostic curettage on 3rd November, 1956 pro-
luced only scant specimens of senile endometrium,
lysterectomy with bilateral salpingo-oophorectomy was
arried out on 17th November, 1956 and examination of
he uterus again revealed normal senile endometrium,
do adequate explanation for the bleeding could be
letermined. Oestrogen Assays: 6x48 hours urinary
ollections were made prior to laparotomy. Range:
lestriol 2-9 /xg. to 6-2 /xg. (mean 4-1 /xg.); oestrone
•7 /xg. to 2-9 /xg. (mean 2-4 /xg.); oestradiol nil to
•7 /xg. (mean 1 -4 /xg.); total 4-9 /xg. to 12-4 /xg. (mean
•9 /xg.).
Case No. 9. Aged 64 years. Para 4+0. The menopause

iccurred at 53 years. Following 11 years of amenorrhoea
here was vaginal bleeding for 16 days prior to admission,
"he diagnosis of adenocarcinoma of the uterus was made
s a result of diagnostic curettage on 4th February, 1957
mt in the endometrial tissue examined there was no

emonstrable normal endometrium. Treatment, which
/as by radium, was commenced on 15th April, 1957.
Oestrogen Assays: only 1x24 hours urinary collection
/as made prior to the commencement of treatment.
Lesults: oestriol 5-2 /xg.; oestrone 0-7 /xg.; oestradiol
il; total 5-9 /xg.

Case No. 10. Aged 70 years. Para 0+0. The meno¬
pause occurred at 46 years. After a period of amenor¬
rhoea lasting for 24 years there was vaginal bleeding
for one week prior to admission. No abnormality could
be detected upon examination. At diagnostic curettage
on 27th February, 1957 two endometrial polypi were
removed but the remainder of the endometrium was

atrophic. During the follow-up period there was no
recurrence of bleeding. Oestrogen Assays: only 1 x 48
hours urinary collection was made following curettage.
Results: oestriol 2-9 /xg.; oestrone 1-4 /xg.; oestradiol
nil; total 4-3 /xg.

In this group of cases there was no evidence,
either clinically or histologically, of oestrogenic
stimulation. In patients Nos. 1, 3, 4, 6 and 9, the
cause of the post-menopausal bleeding was
established as being due to adenocarcinoma of
the body of the uterus; in Case No. 2 to cervical
ulceration; in Case No. 7 to a cervical polypus;
and in Case No. 10 to localized endometrial
polypi. The origin of bleeding was not deter¬
mined in Cases Nos. 5 and 8. It can be assumed,
therefore, that from the point of view of ovarian
function, all cases in this group come within the
category of normally post-menopausal patients.
An analysis of the mean figures obtained in each
of these 10 cases gave the following results:
actual range: oestriol 2 • 2 /xg. to 7 • 5 /xg. (mean
3 • 9 /xg. ±1-6 /xg.*); oestrone 0 • 3 /xg. to 2 • 4 /xg.
(mean 1-3 /xg.±0-6 /xg.*); oestradiol nil to
1 • 4 /xg. (mean 0 • 3 /xg. ±0 • 5 /xg.*); total 3 • 2 /xg.
to 9-0 /xg. (mean 5-5 /xg.±2-0 /xg.*). These
figures can be regarded as representative of the
normal post-menopausal woman with an
atrophic endometrium. They represent oestrogen
levels which are insufficient to stimulate growth
of the endometrium. These oestrogens are not
of ovarian origin since bilateral oophorectomy
(example Case No. 4) has no effect on the
amounts produced. They are probably derived
from the adrenal cortex. These values are very
similar to those already reported for post¬
menopausal women (McBride, 1957; Brown,
1958; Loraine, 1958).

Group II. Endometrium not Investigated
In this group of 6 cases the cause of post¬

menopausal bleeding was well-established carci¬
noma of the cervix. In the investigation of these

* Standard deviation.
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cases endometrial curettage was not carried out
so that no histological evidence on the state of
the endometrium was available.

Case No. 11. Aged 64 years. Para 11+0. The meno¬
pause occurred at 50 years and 14 years later there was
vaginal bleeding for 9 months prior to admission. The
diagnosis of squamous epithelioma of the cervix was
established. Oestrogen Assays: 4x24 hours urinary
collections were made before treatment by radium was
instituted in February, 1956. Range: oestriol 2-8 fig. to
5 ■ 4 fig. (mean 4 • 1 fig.); oestrone 2 • 3 ^g. to 4 • 1 fig. (mean
3-1 fig.); oestradiol 1-4 fig. to 2-9 fig. (mean 1-7 fig.);
total 7-4 fig. to 10-9 fig. (mean 8-9 fig).

Case No. 12. Aged 60 years. Para 5+0. The meno¬
pause occurred at 48 years and was followed by 12-years
amenorrhoea. Vaginal bleeding for 10 weeks took place
prior to admission. The diagnosis of squamous epithe¬
lioma of the cervix was established. Oestrogen Assays:
2 x 24 hours urinary collections were made before treat¬
ment by radium was commenced in March, 1956.
Range: oestriol 2-0 fig., 2-7 fig. (mean 2-4 fig.);
oestrone 0-7 fig., 1 • 9 fig. (mean 1-3 fig.); oestradiol nil,
1-3 fig. (mean 0-6 fig.); total 2-7 fig., 5-9 fig. (mean
4 -3 fig.).

Case No. 13. Aged 59 years. Para 12+0. The meno¬
pause took place at 49 years. Amenorrhoea for 10 years
preceded 6-weeks vaginal bleeding which continued until
admission. The diagnosis of squamous epithelioma of the
cervix was established. Oestrogen Assays: 2x24 hours
urinary collections were made before treatment by
radium was commenced in April, 1956. Range: oestriol
2-0 fig., 4-4 fig. (mean 3-2 fig.); oestrone 0-9 fig.,
1-0 fig. (mean 0-9 fig.); oestradiol nil, nil (mean nil);
total 2-9 fig., 5-4 fig. (mean 4-1 fig.).

Case No. 14. Aged 64 years. Para 4+0. The meno¬
pause occurred at the early age of 34 years and was
followed by amenorrhoea for 30 years. Intermittent
vaginal bleeding was present for 6 months prior to
admission when the diagnosis of squamous epithelioma
of the cervix was established. Oestrogen Assays: 5 x 24
hours urinary collections were made before treatment by
radium was commenced in April, 1956. Range: oestriol
nil to 3 • 5 fig. (mean 2-0 fig.); oestrone 1 • 3 fig. to 2-4 fig.
(mean 1-6 fig.); oestradiol nil to nil (mean nil); total
2-4 fig. to 5-1 fig. (mean 3-6 fig.).

Case No. 15. Aged 66 years. Para 6+0. The meno¬
pause occurred at 42 years. Amenorrhoea was inter¬
rupted after 24 years by vaginal bleeding which con¬
tinued intermittently for 4 months until admission when
the diagnosis of squamous epithelioma of the cervix was
established. Oestrogen Assays: 2x48 hours urinary
collections were made before treatment by radium was
undertaken in November, 1956. Range: oestriol 2-2 fig.,
4-1 fig. (mean 3-1 fig.); oestrone 1-2 fig., 1 -6 fig. (mean
1-4 fig.); oestradiol nil, nil (mean nil); total 3-8 fig.,
5-3 fig. (mean 4-5 fig.).

Case No. 16. Aged 62 years. Para 0+0. In this un¬
married patient the menopause was induced by intra¬
uterine radium at the age of 55 years on account of
metropathia haemorrhagica. Three years later an
episode of bleeding occurred following oestrogen
therapy and curettage at that time produced endo¬
metrium showing cystic hyperplasia. There was no
further bleeding for 4 years when there was a recurrence
at 62 years. On this occasion the bleeding lasted for 4
weeks until admission when the diagnosis of cervical
adenocarcinoma was established. Oestrogen Assays:
2x48 hours urinary collections were made prior to the
commencement of treatment by radium in March, 1957.
Range: oestriol 4• 2 fig., 9• 0 fig. (mean 6-6 fig.); oestrone
I-1 fig., 1 -7 fig. (mean 1-4 fig.); oestradiol nil, nil (mean
nil); total 5-9 fig., 10-1 fig. (mean 8-0 fig.).

In the 6 patients comprising this group a total
of 17 urinary oestrogen assays were made. An
analysis of the results gave the following figures
for the group: Range: oestriol 2 • 0 pg. to 6 • 6 pg.
(mean 3-6 pg.±l-7 pg.*); oestrone 0-9 pg. to
3-1 pg. (mean 1-6 pg.±0-8 pg.*); oestradiol
nil to 1-7 pg. (mean 0-4 pg.±0-7 pg.*); total
3-6 pg. to 8-9 pg. (mean 5-6 pg.±2-3 pg.*).
These figures are closely similar to those
obtained in Group I. Thus it would be reason¬
able to conclude that the patients of this group
were, from the point of view of ovarian function,
normally post-menopausal.

Group III. Active Endometrium
In this group of 7 cases diagnostic curettage

produced evidence of active endometrium
showing varying degrees of oestrogenic stimula¬
tion. In all cases it seemed certain that the
endometrium was the site of haemorrhage as no
other cause of bleeding was discovered.

Case No. 17. Aged 60 years. Para 7 + 1. The meno¬
pause occurred at 50 years. Amenorrhoea continued for
10 years and was followed by 5-months bleeding. Endo¬
metrium obtained by curettage on 1st December, 1955
showed cystic glandular hyperplasia. Hysterectomy with
bilateral salpingo-oophorectomy was performed on 9th
December, 1955 and the specimen again showed cystic
glandular hyperplasia of the endometrium. No patho¬
logical features were noted in the ovaries. Oestrogen
Assays: 2 x 48 hours pre-operative urinary collections
were made. Range: oestriol 8-4 fig., 13-8 fig. (mean
II-1 fig.); oestrone 2-0 fig., 2-9 fig. (mean 2-5 fig.);
oestradiol nil, nil (mean nil); total 10-4 fig., 16-7 fig.
(mean 13-6 fig.). Two x 48 hours post-operative collec¬
tions were made. Range: oestriol 3-6 fig., 3-8 fig. (mean

* Standard deviation.
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3-7 fig.); oestrone 0-6 fig., 0-7 fig. (mean 0-7 fig.);
oestradiol nil, nil (mean nil); total 4-3 fig., 4-5 fig. (mean
4-4 fig.).

Case No. 18. Aged 60 years. Para 6+2. The meno¬
pause occurred at 53 years and 7 years later there was
uterine bleeding which continued for 10 days prior to
admission. On examination a uterine fibroid was

palpated. Diagnostic curettage performed on 27th
January, 1956 produced fragments of atrophic endo¬
metrium. Vaginal hysterectomy without removal of
appendages was carried out on 10th February, 1956 and
examination of the specimen showed a submucous
fibroid and scattered early proliferative changes in the
endometrium. Oestrogen Assays: 4x24 hours pre¬
operative urinary collections were made. Range: oestriol
4-6 fig. to 7-9 fig. (mean 6-2 fig.); oestrone 2-2 fig. to
2-9 fig. (mean 2-6 fig.); oestradiol nil to 1-4 fig. (mean
0 • 3 fig.); total 7 • 6 fig. to 10 • 8 fig. (mean 9 • 1 fig.).

Case No. 19. Aged 46 years. Para 3+0. The artificial
menopause was induced by intra-uterine radium at 42
years. Uterine bleeding, lasting for 2 weeks, occurred at
44 years and again, prior to admission, for 4 days at 46
years. On examination no pelvic abnormality was
detected and diagnostic curettage performed on 9th
February, 1956 produced endometrium showing early
proliferative changes. Oestrogen Assays: 4x24 hours
pre-operative urinary collections were made. Range:
oestriol 1-9 fig. to 4-5 fig. (mean 3 0 fig.); oestrone
1 • 1 fig. to 2 - 3 fig. (mean 1 • 8 fig.); oestradiol nil to 1 • 6fig.
(mean 0-8 fig.); total 3-5 fig. to 8-2 fig. (mean 5-6 fig.).
Follow-up: from 46 to 47 years regular monthly bleedings
occurred over a period of 9 months, thereafter there was
total amenorrhoea.

Case No. 20 (Fig. 3). Aged 56 years. Para 3+0. The
menopause occurred at 51 years and 5 years later there
was an episode of bleeding lasting for 6 weeks before
admission. Examination provided the diagnosis of
ovarian tumour and on 16th March, 1956 this was
removed together with the uterus and contralateral
appendages. The specimen showed cystic glandular
hyperplasia of the endometrium and a benign ovarian
pseudomucinous cystadenoma. Oestrogen Assays: 2x48
hours and 1 x 24 hours pre-operative collections were
made. Range: oestriol 19-8 fig. to 28-8 fig. (mean
27-1 fig.); oestrone 9-6 fig. to 18-6 fig. (mean 15-4 fig.);
oestradiol 1 ■ 7 fig. to 2 • 5 fig. (mean 2 • 0 fig.); total 31 ■ 1 fig.
to 49-9 fig. (mean 44-0 fig.). Three x 24 hours post¬
operative collections were made. Values fell from
oestriol 10 • 6 fig. to 4 • 3 fig.; oestrone 6 • 2 fig. to 0 • 8 fig.;
oestradiol 0-5 fig. to nil; total 17 0 fig. to 5-8 fig.

Case No. 21. Aged 68 years. Para 0+0. The meno¬
pause occurred at 43 years and following 25-years
amenorrhoea there was 3-months bleeding prior to
admission. Examination revealed an ovarian tumour
and on 25th October, 1956 this was removed together
with the uterus. The specimen showed an early prolifera¬
tive pattern in the endometrium and adenocarcinoma of
the ovary. Oestrogen Assays: 2x48 hours pre-operative
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CASE NO. 20.

Fig. 3

Case No. 20. Post-menopausal bleeding. Benign ovarian
pseudomucinous cystadenoma.

collections were made. Range: oestriol 5-7 fig., 12-0 fig.
(mean 8 ■ 9 fig.); oestrone 3 • 5 fig., 6 ■ 0 ug. (mean 4 • 8 fig.);
oestradiol nil, nil (mean nil); total 9-2 fig., 18 0 fig.
(mean 13 -6 fig.).

Case No. 22. Aged 47 years. Para 0+0. The meno¬
pause occurred at 40 years and, after 7-years amenor¬
rhoea, there was bleeding for 6 weeks prior to admission.
Right ovariotomy had been carried out in 1933. Endo¬
metrium obtained by curettage on 8th November, 1956
showed cystic glandular hyperplasia. Hysterectomy with
left salpingo-oophorectomy was performed on 20th May,
1957 and the specimen again showed cystic glandular
hyperplasia of the endometrium. There were no patho¬
logical features in the ovary. Oestrogen Assays: 1 x 48
hours immediate pre-operative collections was made.
Results: oestriol 1 • 2 fig.; oestrone 1 • 4 fig.; oestradiol nil;
total 2-6 fig.

Case No. 23 (Fig. 4). Aged 77 years. Para 2+0. The
menopause occurred at 47 years and, following 30 years
amenorrhoea, there was an episode of bleeding lasting
for 3 weeks prior to admission. Examination revealed an
ovarian tumour and this was removed together with the
uterus and opposite appendages on 17th October, 1957.
The specimen showed cystic glandular hyperplasia of the
endometrium and a combined granulosal and thecal
celled tumour of the ovary. Oestrogen Assays: 7 x 24
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CASE NO. 23.
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Fig. 4

Case No. 23. Post-menopausal bleeding. Functioning
ovarian tumour.

hours and 1 x48 hours immediate pre-operative collec¬
tions were made. Range: oestriol 9-2 fig. to 28-8 fig
(mean 19 0 /ig.±6-4 fig.*); oestrone 2-7 fig. to 5-9 fig
(mean 4-5 /xg.±lT fig.*)', oestradiol 1-4 fig. to 2-5 fig
(mean 1-8 fig.±0-3 fig.*); total 15-7 fig. to 36-3 fig.
(mean 25-3 fig.±6-4 fig.*). Twox24 hours and 3x48
hours post-operative collections were made. Range
oestriol 6 0 fig. to 14 0 fig. (mean 8-8 fig.); oestrone
0-9 fig. to 2-6 fig. (mean 2 0 fig.); oestradiol nil to
0-7 fig. (mean 0-3 fig.); total 7-4 fig. to 16-2 fig. (mean
H i /«.).

In each of the 7 cases in this group, with a
history of post-menopausal bleeding, examina¬
tion of the endometrium demonstrated histo¬

logical changes consistent with oestrogenic
stimulation of a varying degree. In Cases Nos.
17, 20, 22 and 23 there was cystic glandular
hyperplasia, an endometrial pattern usually
associated with the clinical condition of
Metropathia Haemorrhagica. In the other 3
cases, Nos. 18, 19 and 21, early proliferative
changes of the endometrium were found. From
the purely histological point of view, the
interpretation must be that there was an
adequate level of circulating oestrogens to
cause endometrial stimulation and that the

* Standard deviation.

endometrium was sufficiently responsive to show
the effects of such stimulation. In not all of the
cases was it possible to demonstrate an ovariar
origin of oestrogen output. In Case No. 11
there were no recognizable pathological features
in the ovaries; in Case No. 18 the ovaries wen
not available for examination; in Case No. IS
there was almost certainly a revival of ovariar
function following inadequate radiotherapy; ir
Case No. 20 there was a benign ovarian pseudO'
mucinous cystadenoma and it is reasonable tc
suppose that the origin of oestrogens in this
case was functioning stroma within the tumour
in Case No. 21 there was an ovarian adeno
carcinoma and the same observation can b(
applied to this case as in Case No. 20; it
Case No. 22 there were no pathological feature:
in the ovary; in Case No. 23 there was <

functioning tumour which was clearly the sourc<
of oestrogens.

Three of the cases showing cystic glandula:
hyperplasia, Cases Nos. 17, 20 and 23, excretec
larger amounts of oestrogens (the averagi
"total" excretions for each individual weri

13-6 fig., 44-0 fig. and 25-3 fig. per 24 hour
respectively) than the post-menopausal cases o
groups I and II who showed no evidence o
endometrial stimulation (the highest figun
found in these groups was 12-4 fig. per 2'
hours). In each of these cases the urinar
oestrogen levels decreased following bilatera
oophorectomy. A single observation made oi
the other case with cystic glandular hyperplasi;
(Case No. 22) showed that the amounts o
oestrogens excreted were within the rang'
where stimulation of the endometrium woul<
not have been expected. This apparent anomal;
will be discussed under Section II, Group II.

In the 3 cases, Nos. 18, 19 and 21, whicl
showed early proliferative changes only, th
average total oestrogen excretions were 9 • 1 fig.
5-6 fig., and 13-6 fig. per 24 hours respectively
Excretion of 9 • 1 fig. total oestrogens per 2'
hours is in the upper limits of the range foun<
in groups I and II in whom no endometria
stimulation occurred: 5-6 fig. is well within
and 13-6 fig. is just above, this range. Th
significance of this apparent discrepancy ii
results will be referred to in the genera
discussion.
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Section II

Dysfunctional Uterine Bleeding

It is not proposed to enter into any detailed
liscussion of this very confused subject. The
erminology is chaotic and there are few text-
)ooks either in general gynaecology or in
ndocrinology which describe the condition in
:ven remotely similar terms. By dysfunctional
iterine bleeding we mean a condition of irregular
>r excessive menstruation which is not due to

ny obvious disease in the genital tract. Although
he majority of cases occur towards the end of
eproductive life, it is well known that some cases
iccur in adolescence, and perhaps a third occurs
luring the intervening years.

The simplest form of dysfunctional uterine
feeding is the anovulatory cycle. Here the
lenstrual disturbance is minimal or absent, and
ae episodes of anovulatory menstruation are
equently discovered only when pre-menstrual
iopsies of the endometrium are taken during
lvestigation of infertility. Most cases of
ysfunctional bleeding, however, do suffer from
•regular and excessive menstruation. The
lassical type of dysfunctional uterine bleeding

"metropathia haemorrhagica" or "dysfunc-
onal bleeding associated with cystic glandular
yperplasia of the endometrium". Such cases
re readily recognized both clinically and
athologically and are explained as being due

failure of ovulation and formation of a

rpus luteum, associated with prolonged oestro-
;nic stimulation of the endometrium. Uterine

leeding in these women has been thought to be
ue to a sudden fall in oestrogen production
ith consequent disintegration of the endo-
Letrium. It has also been suggested that the
eeding might on occasion be due to necrosis
the endometrial polypi which are present so

'ten and which have outgrown their blood
iilipply. The precise role of the spiral arterioles
ir the mechanism of bleeding in this type of
case remains obscure.

There are, however, a very large number of
cases of dysfunctional uterine haemorrhage
which do not present the well-known features of
cystic glandular hyperplasia and, indeed, exam¬
ination of the endometrium in these women

shows that this may be in any stage ranging

from a "resting", almost atrophic, endometrium
to one that is in active proliferation. These cases
have usually been ascribed to persistent failure
of ovulation and corpus luteum function leading
to a prolonged but often weak oestrogenic
stimulus to the endometrium. There are, how¬
ever, some cases in which it is clear that a corpus
luteum has been formed but its progestogenic
activity has been weak and conditions of
"irregular ripening" or "irregular shedding" of
the endometrium have been described.

The results of this study will be presented
under the following headings:

(1) Anovulatory cycles.
(2) Cystic glandular hyperplasia (metropathia

haemorrhagica).
(3) Other forms of dysfunctional uterine

bleeding.

Group I. Anovulatory Menstrual Cycles
For the purposes of this paper, anovulatory

menstrual cycles are defined as more or less
regular monthly episodes of bleeding originating
from endometria which are in the proliferative
phase and show no signs of secretory activity.

It has not been easy to obtain complete
oestrogen excretion data in individuals exhibiting
such cycles. Four cases, Nos. 24, 25, 26 and 27,
falling within this group have been adequately
studied for periods of time which include at least
2 phases of menstrual bleeding. Three of these
exhibited ovulatory as well as anovulatory
cycles during the study. Diagnosis of ovulatory
and anovulatory cycles was based on endo¬
metrial biopsies performed at about the time
of onset of bleeding.

Case No. 24 (Fig. 5). Aged 19 years. Para 0+0.
From the menarche at 14 years this patient had a long
history of bleeding which occurred at intervals of one to
3 months and lasted up to 16 days. Her menstrual
history in the months before oestrogen assays were
undertaken was as follows: bleeding occurred on 10th
September, 1954 and lasted until the 26th when she was
subjected to a curettage. Further episodes of bleeding
occurred on 20th November, 1954 and 20th January,
1955 when urine collections were commenced. Figure 5
shows the results obtained during January, February and
March, 1955. The bleeding commencing on 15th February
lasted 13 days and that commencing on 21st March, 5
days. Endometrial biopsies performed on 28th January
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Case No. 24. Anovulatory menstruation.

and before the February and March bleedings showed a
late proliferative endometrium. A further biopsy per¬
formed on the first day of a menstrual period com¬
mencing on 14th April (not illustrated) was also of this
type. It can therefore be concluded that all these bleeding
phases were anovulatory in nature. It is seen that, apart
from the usual day-to-day variations, the urinary

oestrogen levels remained more or less constant especially
during the latter half of the investigation. There was no
rise resembling the mid-cycle peak of an ovulatory
menstrual cycle, nor a fall in oestrogen excretion prior to
menstruation. The amounts excreted were maintained
at approximately 10 /xg. oestriol, 5 /xg. oestrone and 3 /xg.
oestradiol, or a total of 18 /xg. per 24-hours urine.

case no. 25.
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Case No. 25. Anovulatory menstruation.



URINARY OESTROGEN EXCRETION IN CERTAIN GYNAECOLOGICAL DISORDERS 187

Case No. 25 (Fig. 6). Aged 26 years. Para 0+0.
From the onset of menstruation at 13 years, this
patient's menstrual history was one of great irregularity.
Menstrual losses occurred at intervals of one to several
months, the duration of the loss varying from a few days
to 5 weeks.

An endometrial biopsy performed on 19th March,
1955 showed a late proliferative endometrium. Bleeding
commenced on 22nd March and lasted 5 days. Further
episodes of bleeding commenced on 18th April and
12th May. A biopsy taken just before the April bleeding
revealed a late proliferative endometrium but that taken
just after the onset of the May bleeding showed a
secretory endometrium with a rather weak luteal reaction.

Figure 6 shows the oestrogen excretion measured
throughout this period. For approximately a month
before the onset of anovulatory bleeding on 18th April,
the daily excretion remained at approximately 17 fig.
total oestrogens per 24-hours urine. From 18th March
to 12th May the picture changed completely to that of an
ovulatory cycle with a shortened follicular phase. It is of
interest to record that this patient became pregnant
during the subsequent cycle.

Case No. 26 (Fig. 7). Aged 16 years. Para 0+0.
Menstruation commenced at the age of 12 years and

was regular until recently when menstrual periods
became irregular. A bleeding phase commencing on
11th March, 1956 had lasted until 10th April. Urinary
oestrogens were measured from 7th April through the
month of May until 14th June. During this time she had
3 episodes of bleeding: 29th April to 3rd May; 19th May
to 24th May; and 8th June to 14th June. Endometrial
biopsies showed that on 29th April a secretory endo¬
metrium was present whereas on 20th May and 8th June
an early proliferative endometrium was present. It can
therefore be concluded that an ovulatory cycle was
followed by 2 anovulatory cycles.

Figure 7 shows the oestrogen excretion during this
time. The first cycle, 7th to 29th April, showed the
characteristic oestrogen pattern of an ovulatory cycle
except that the ovulatory peak occurred immediately
after cessation of bleeding. During the 2 anovulatory
cycles the oestrogen levels remained within the range
13 ftg. to 30 fig. total oestrogens per 24 hours urine.
The raised oestriol values found on 11th and 12th May
are not associated with corresponding rises in the
oestrone and oestradiol values and therefore do not

represent an ovulation peak. They are probably due to
some chance interference in the assay, as described by
Brown, Bulbrook and Greenwood (1957b) and should
be disregarded.

BIOPSY
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BIOPSY
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(EARLY PROLIFERATIVE) (EARLYPROLIFERATIVE)
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3 5 7 9 II 13 15 17 19 21 23 25 27 29 31 2 4 6 8 IO 12 14
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Fig. 7

Case No. 26. Anovulatory menstruation.
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CASE NO. 27.
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Case No. 27. Anovulatory menstruation.

Case No. 27 (Fig. 8). Aged 26 years. Para 0+0.
This patient was attending the sterility clinic and her
menstrual history was one of normal and regular
loss. An endometrial biopsy taken on the first day of
menstruation commencing 28th May, 1955 showed a
normal secretory endometrium. A biopsy taken on the

CASE NO. 28.

first day of bleeding commencing 25th June showed a
late proliferative endometrium while that taken on 13th
July, when the next menstrual period began, was in the
full secretory phase. It can therefore be concluded that
this is an example of an isolated anovulatory cycle
occurring between 2 ovulatory cycles.
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Case No. 28. Anovulatory menstruation.
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Figure 8 shows the urinary oestrogen excretion
measured during the latter 2 cycles. During the 3 weeks
preceding the onset of anovulatory bleeding on 25th
June the daily total oestrogen excretion remained
practically constant at approximately 20 /xg. The follow¬
ing cycle showed the characteristic oestrogen pattern of
an ovulatory menstrual cycle except that the follicular
phase was shortened.

Case No. 28 (Fig. 9). Aged 24 years. Para 0+0.
From the menarche at 16 years, this patient's menstrual
history was one of irregularity, the episodes of bleeding
occurring every 4 weeks to 10 months and the flow lasting
7 to 10 days. Urine collections were made sporadically
between 6th January and 10th March, 1956. Regular
periods of bleeding occurred from 9th to 13th January,
from 5th to 13th February, and from 5th to 10th March.
Endometrial biopsies performed before each of these
episodes of bleeding revealed a late, an early, and a late
proliferative endometrium respectively. It can therefore
be concluded that these were anovulatory menstrual
cycles.

Figure 9 shows the levels of oestrogen excretion found
during this time. These were maintained constantly
within the range 15 /xg. to 26 /xg. total oestrogens per
day.

Case No. 29 (Fig. 10). Aged 24 years. Para 0+0.
Since the menarche at 13 years the history was of
alternating periods of amenorrhoea lasting 3 to 6 months

CURETTAGE
(LATE PROLIFERATIVE)

OESTRIOL l wj

didliiiilL

7 9 II 13 15 17 19 21
SEPTEMBER 1956.

Fig. 10

Case No. 29. Anovulatory menstruation.

and extremely profuse bleeding lasting 7 to 10 days.
This patient had, in fact, twice received blood trans¬
fusions at the age of 20 and 23 years because of
exsanguination. However, her recent menstrual periods
had been more regular, commencing on 25th June,
16th August and 14th September, 1956. A curettage
performed on 15th September showed a late proliferative
endometrium with many cystic glands. It can therefore
be concluded that this was an anovulatory menstrual
cycle.

Oestrogen determinations were performed from 3rd
to 21st September, 1956 (Fig. 10). The total oestrogen
excretion was maintained during this time between 12 /xg.
to 23 /xg. per day.

The characteristic feature of the urinary
oestrogen excretion pattern during the anovula¬
tory cycles studied is the constancy of the
amounts excreted at all times of the cycle. This
contrasts with the rhythmical rise and fall in
oestrogen levels observed during ovulatory
cycles. The oestrogen levels found during
anovulatory cycles were maintained in the range
13 /xg. to 30 /xg. total oestrogens per 24-hours
urine. The oestrogen levels found during the
11 anovulatory menstrual cycles occurring in 6
patients were: actual range (for 116 observa¬
tions); oestriol 5-0/xg. to 21/xg. (mean 9-4/xg.±
2-7 /xg.*); oestrone 3-0 /xg. to 13-0/xg. (mean
6-4 /xg.±2-3 /xg.*); oestradiol nil to 10-2 /xg.
(mean 2-4 fig. ±1-7 /xg.*); total 9-3 /xg. to
33-1 /xg. (mean 18-2 /xg.±4-l /xg.*). These
figures are considerably greater than those
found in post-menopausal women who do not
show endometrial stimulation. It seems that
these amounts of urinary oestrogens reflect
threshold levels of oestrogens in the body
which are sufficient to stimulate growth of the
endometrium. As the endometrium builds up
under this steady stimulation, it apparently
becomes unstable and breaks down from time
to time resulting in anovulatory bleeding from
a proliferative phase endometrium. Unlike
normal menstruation, this bleeding occurs
without withdrawal of the oestrogenic (and
progestogenic) stimulus. These conditions
appear analogous to those produced experi¬
mentally by Zuckerman and others who found
that uterine bleeding will occur periodically in
oophorectomized monkeys and women main¬
tained on a constant threshold dose of oestrogen

* Standard deviation.



190

case no. 30

JOURNAL OF OBSTETRICS AND GYNAECOLOGY

biopsy

(late proliferative)

curettage

(cystic glandular hyperplasia)

13 15 17 19 a 23 25 27 29 31 2 4
may 1956

6 8 io 12 14 16 18 20 22 24
june

Fig. 11

Case No. 30. Cystic glandular hyperplasia.

(Zuckerman, 1949). It is interesting to note that
in all the cases where an ovulatory cycle
followed a period of anovulatory bleeding, the
ovulation peak occurred immediately after the
cessation of bleeding.

Group II. Cystic Glandular Hyperplasia
As in the previous group, it has been difficult

to obtain complete oestrogen studies on cases of
cystic glandular hyperplasia during the phase of
endometrial build-up. Complete information has
been obtained on only 2 of the many cases
investigated. Fortunately, these 2 cases, Nos. 30
and 31, show two clearly different patterns of
oestrogen excretion which can be associated
with cystic glandular hyperplasia. The remaining
less completely studied cases, however, provide
supporting evidence for the general applicability
of the findings.

Case No. 30 (Fig. 11). Aged 27 years. Para 0+0.
This patient's menstrual history was one of prolonged
phases of amenorrhoea and of irregular menstruation at
intervals of 30 to 90 days.

Bleeding occurred from 12th until 17th May, 1956.
After stopping for 2 or 3 days, a slight loss was experi¬
enced until 7th June. Curettage was performed on 23rd
June and a well-developed cystic glandular hyperplasia of
the endometrium was found. This patient was re-admitted
on 10th September, 1956 and stated that she had experi¬
enced more or less continuous loss for 9 weeks since
7th July. Bleeding ceased following a few days in bed.
A biopsy performed at this time showed an active late
proliferative endometrium.

Figure 11 shows the results of oestrogen assays per¬
formed during the months of May, June and September.
The total oestrogen excretion remained within the range
20 ftg. to 40 jug. per 24 hours during the whole study. In
this patient, therefore, cystic glandular hyperplasia was
associated with daily total urinary oestrogen levels of
approximately 30 fig., which were maintained for a
considerable period of time. Menstrual bleeding occurred
at these levels. This pattern of constant oestrogen
excretion is therefore analogous to that of an anovulatory
menstrual cycle except th?t the oestrogen levels were
maintained at somewhat higher figures.

Case No. 31 (Fig. 12). Aged 43 years. Para 5+0.
This patient stated that her menstrual periods had been
heavy and irregular for almost one year and curettings
obtained on 17th September, 1956 showed the typical
changes of cystic glandular hyperplasia. On 6th
December, 1956 a further curettage revealed the same
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changes in the endometrium; this curettage was carried
out the day following the onset of bleeding. Further
heavy losses occurred on 29th December, 1956, 20th
January, 1957 and 14th February, 1957. Hysterectomy
was advised and this, without removal of the appendages,
was carried out on 15th March. Examination of the
endometrium at operation showed an early secretory
phase. Urine was collected for oestrogen estimations
from 2nd November, 1956 until 15th March, 1957.
Figure 12 shows the results obtained. Estimations were
generally performed on 48-hours specimens of urine. In
contrast with Case No. 30, the urinary oestrogen levels
rose and fell in a very definite manner. At the beginning
of November, the urinary oestrogen levels were low,
being approximately 10 /xg. total oestrogens per 24-hours
urine. They then increased gradually to reach 80 /xg.
total oestrogens per 24 hours on 24th and 25th
November and then decreased. It will be noted that the
levels remained above 35 /xg. per day for 20 days, that
bleeding occurred as the levels were decreasing, and that
the endometrium at the time of bleeding showed cystic
glandular hyperplasia. Although this rise was similar in
height to the ovulatory peak of an ovulatory cycle, it
lasted for a much longer time. It is likely that these high
levels, maintained for an abnormally long period of
time, were the cause of the cystic glandular hyperplasia.
The particular episode of bleeding which followed the
rise could have resulted from the withdrawal of the
oestrogenic stimulus. During December, the oestrogen
levels rose to a peak resembling an ovulation peak, when
bleeding ceased; they fell and rose again to a second
maximum resembling the luteal maximum of an
ovulatory menstrual cycle. Bleeding recommenced 14
days after the first peak as the levels were falling. The

oestrogen excretion pattern was therefore consistent
with ovulation having taken place during this cycle.
Although no other tests were performed to prove this,
the finding of a secretory endometrium at operation
indicated that the occurrence of ovulation during
December was a likely possibility. However, even this
cycle cannot be classified as "normal" since the bleeding
phase lasted for 11 days. A similar sequence of events
during January suggested that ovulation also occurred
during that month. During February, the oestrogen
excretion pattern resembled that found during November,
the rise being even higher and more prolonged. The levels
remained above 45 /xg. per day for 24 days and, at their
highest, reached 100 /xg. No endometrial biopsy was taken
at this time but there is every reason to believe that the
picture would have been the same as that following the
November peak, namely cystic glandular hyperplasia.
An important feature of the February events was that
bleeding commenced while the oestrogen levels were high
and were still rising. Levels had been maintained above
40 /xg. per day for 12 days before this. It is possible that
the endometrium had proliferated to such an extent
during this time that, in the absence of the progestational
stimulus of a corpus luteum, it had become unstable and
had broken down to cause the bleeding observed. This,
in effect, resembles the sequence found in Case No. 30
where bleeding was associated with the maintenance
over a period of time of elevated oestrogen levels.
Another surprising feature of the February events was
that the bleeding stopped as the oestrogen levels were
falling. There is at present no explanation for this. The
elevated levels noted on the 9th to 11th March were pro¬
bably part of an ovulation peak since an early secretory
endometrium was found 4 days later at operation.
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Case No. 31. Cystic glandular hyperplasia.
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Case No. 32. Cystic glandular hyperplasia.

The results obtained in Cases Nos. 30 and 31
show that:

(1) Cystic glandular hyperplasia of the endo¬
metrium is found in association with total

urinary oestrogen levels which have been
maintained for some time in the region of 30 /xg.
per day or more.

(2) The oestrogen levels may remain constant
as in anovulatory cycles, or rise and fall as in
ovulatory menstrual cycles. However, the rise
and fall occur as a broad maximum which does
not resemble the sharp ovulation peak of a
menstrual cycle. Peak levels may be higher than
those found during normal menstrual cycles.

(3) Bleeding from this type of endometrium
may occur while the urinary oestrogen levels are
constant, while they are rising, or while they are
falling.

The subsequent cases illustrate the generality
of these findings.

Case No. 32 (Fig. 13). Aged 37 years. Para 0+0.
This patient gave a history of irregular and excessive
menstruation for 3 years. A curettage performed on
22nd March, 1955 showed cystic glandular hyperplasia.
Following this operation, menstrual function improved
but bleeding which began in early October continued until
December when oestrogen assays were commenced. An
endometrial biopsy taken on 1st December, 1955 while

the patient was still bleeding, showed a late proliferative
endometrium. Urine collections were made sporadically
from 1st December, 1955 until the end of April, 1956
and then again in August while the patient was in
hospital awaiting hysterectomy. While the observations
are by no means complete, they show the same pattern
as the results obtained from Case No. 31. The total
oestrogen levels fluctuated from 5 fig. per day to more
than 100 fig. per day. On 19th February she was excreting
over 100 /j,g. per day when bleeding ensued and lasted for
10 days. Oestrogen levels determined during the bleeding
phase were approximately 15 /ag. per day. The total
oestrogen excretion on the days preceding the onset of
bleeding on 13th April was 20 fig. to 30 fig. per day. This
bleeding lasted until 21st April. Thereafter the patient
had amenorrhoea for 10 weeks. Bleeding commenced
again on 25th June and lasted for 9 weeks until hyster¬
ectomy was performed on 31st August. Oestrogen
determinations were made for the 11 days preceding
operation. During this time the levels were above 100 fig.
per day and fell to less than 10 fig. per day without
affecting the course of bleeding. Histological examination
of the hysterectomy specimen showed the presence of
cystic glandular hyperplasia.

This is another case in which cystic glandular
hyperplasia was associated with high and
fluctuating levels of urinary oestrogens. The
ovaries were not removed at operation. It is
interesting to note that if assays had been
performed at the time of hysterectomy only,
the findings would have been misleading in that
they would have shown low post-menopausal
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oestrogen levels associated with cystic glandular
hyperplasia. This illustrates the futility of
limited observations in these cases and probably
accounts for such findings in some of the other
patients in this series.
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Fig. 14

Case No. 33. Cystic glandular hyperplasia.

Case No. 33 (Fig. 14). Aged 45 years. Para 0+0.
This patient's menstrual history was one of increasing
irregularity and prolonged loss. In July, 1953 she under¬
went a curettage and the endometrium showed cystic
glandular hyperplasia. Through the rest of the year
menstruation was less irregular but still excessive in
duration. In December bleeding lasted for 16 days.
Bleeding re-commenced on 20th January, 1954 and con¬
tinued until 17th February. She was admitted to hospital
on 6th February and urine collections were commenced.
A curettage was carried out on 12th February and the
histological picture obtained was that of a late prolifera¬
tive endometrium with many dilated glands, that is,
something short of a full cystic glandular hyperplasia.
During 22nd to 24th February an artificial menopause
was induced by means of ovarian irradiation by X-ray,
and on 25th February the patient was discharged.
Further specimens of urine could not be obtained for

assay after this date. The results of oestrogen assays
are shown in Figure 14. At first the daily total oestrogen
excretion was of the order of 15 fig. to 25 fig. At that time
curettage showed a late proliferative endometrium. The
oestrogen excretion then began to rise and, on the days
when the ovaries were being irradiated, reached the high
levels of 88 /ig. to 95 fig. per day. In the absence of further
investigations it is difficult to interpret these findings. It
is possible that the oestrogen levels were rising to an
ovulation peak or to the broad maximum frequently
associated with cystic glandular hyperplasia. Yet again,
the high levels might have been due to a temporary
stimulation of the ovaries by irradiation.

Case No. 34. Aged 50 years. Para 3+0. This patient's
menstrual history was one of excessively long periods
of bleeding which occurred every 2 to 3 months. For
example a menstrual period lasted from 19th February
to 9th March, 1954. In view of poor general health and
low haemoglobin (60 per cent), hysterectomy was
advised and this, with bilateral salpingo-oophorectomy,
was performed on 26th March. The endometrium at
this time showed cystic glandular hyperplasia. Oestrogen
Assays: 6x24 hours urinary collections were made in
the immediate pre-operative period. Range: oestriol
nil to 2 • 2 fig. (mean 1 • 2 fig.); oestrone 0 • 6 fig. to 2 • 2 fig.
(mean 1 -5 fig.); oestradiol nil to 1 - 2 fig. (mean 0-4 fig.);
total 1-2 fig. to 4-8 fig. (mean 3-1 fig.). Post-operative
period: 1 x 24 hours urinary collection was submitted
for assay. Results: oeslriol 2-6 fig., oestrone 1-2 fig.,
oestradiol 0-8 fig., total 4-6 fig.

In this case post-menopausal oestrogen levels
were associated with cystic glandular hyper¬
plasia. The probable explanation for this is
discussed in Case No. 32.

Case No. 35. Aged 54 years. Para 3+0. This patient
had a history of irregular menstrual periods for 6
years. The last episode of bleeding was associated
with heavy loss and lasted from 3rd until 19th April,
1954. The patient was admitted to hospital on 19th
April and a hysterectomy with bilateral salpingo-
oophorectomy was carried out on the 23rd. The endo¬
metrium showed cystic glandular hyperplasia. Oestrogen
Assays: 1 x 24 hours pre-operative urinary assay was
carried out. Results: oestriol 0-5 fig., oestrone 1-2 fig.,
oestradiol 0-2 fig., total 1-9 fig. OneX24 hours post¬
operative urinary collection was made. Results: oestriol
0-5 fig., oestrone nil; oestradiol nil; total 0-5 fig.

The probable explanation for the finding of
cystic glandular hyperplasia in the presence of
these low oestrogen values is discussed in
Case No. 32.

Case No. 36 (Fig. 15). Aged 44 years. Para 1+0.
This patient gave a history of regular menstruation
until recently when, following a phase of 8-weeks amenor-
rhoea, bleeding commenced on 1st December, 1954 and
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Case No. 36. Cystic glandular hyperplasia.
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lasted 6 weeks. Curettage was performed on 20th
January, 1955 and cystic glandular hyperplasia was
found. Oestrogen assays were carried out during the
months of February, March, April and May. Following
a scanty loss from the 28th February until 6th March,
there ensued a phase of amenorrhoea which lasted for
almost 9 weeks until 5th May. Figure 15 shows the
oestrogen excretion during this time. During most of
March the total oestrogen excretion remained below
15 fig. daily. By 28th March, the total excretion levels
had increased to 30 fig. to 40 fig. daily. They were main¬
tained with minor fluctuations in this range for about
5 weeks. Bleeding commenced on 5th May and lasted
only for a few days. No histological examination of the
endometrium was performed at this time. A further
period of amenorrhoea in May and June was followed
by a bleeding from 15th to 21st July and thereafter
the menstrual function returned to normal.

In this case, with the presumptive diagnosis of
cystic glandular hyperplasia based on previous
histological findings, the total urinary oestrogen
levels were maintained at the comparatively high
figure of 30 /xg. to 45 fxg. per day for 5 weeks
before the onset of bleeding.

Case No. 37. Aged 49 years. Para 3+0. This patient's
menstrual history was one of irregular and relatively
short periods of bleeding. Bleeding commenced on
26th January, 1956 and continued until admission
to hospital at the beginning of March. Curettage on
5th March revealed a very active cystic glandular
hyperplasia. Oestrogen Assays: 2 x 24 hours immediately
pre-operative urinary collections were made. Range:
oestriol 17-4 fig., 22-2 fig.; oestrone 7-8 fig., 7-8 fig.;
oestradiol 2-2 fig., 1-7 fig.; total 27-4 fig., 31-7 fig.
Two x 24 hours post-operative urinary collections were

also obtained. Range: oestriol 50-4 fig., 19-8 fig.;
oestrone 10• 5 fig., 5-4 fig.; oestradiol nil, 0-6 fig.; total
60-9 fig., 25-8 fig.

This case is an example of elevated oestrogen
levels associated with cystic glandular hyper¬
plasia.

Case No. 38 (Fig. 16). Aged 36 years. Para 2+0.
This patient's menstrual history, over a period of 6
years, was characterized by great irregularity and
excessive loss. A curettage carried out on 16th November,
1951 revealed cystic glandular hyperplasia of the endo¬
metrium. A further curettage performed on 7th December
1956 showed a persistence of this type of endometrium.
Following this curettage she had a period of amenor¬
rhoea until March, 1957 when bleeding recommenced.
case no. 38
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Case No. 38. Cystic glandular hyperplasia.
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Hysterectomy with right salpingo-oophorectomy was
performed on 1st April. The endometrium at this time
showed typical cystic glandular hyperplasia.

Urinary collections were made sporadically during
February, March and April, 1957. Figure 16 shows the
results obtained. For a period of almost 3 weeks in
February the total oestrogen excretion lay between 17 /xg.
and 30 /xg. daily. One estimation performed during the
bleeding phase in March showed the same values. It can
therefore be concluded that levels of 17 /xg. to 30 /xg. total
oestrogen per day had probably been maintained for a
period of at least 8 weeks.

The results here resemble those found in Case
No. 30.

Case No. 39. Aged 50 years. Para 4+0. This patient's
menstrual history was one of relatively infrequent
but profuse and prolonged periods. She was curetted
on 28th December, 1956 and cystic glandular hyper¬
plasia was found. During January, 1957 she had 2
comparatively short menstrual periods but one occurring
on 19 th February lasted for 6 days and was very profuse.
Hysterectomy with bilateral salpingo-oophorectomy
was performed on 15th March. At this time the endo¬
metrium showed an active cystic glandular hyperplasia.
Oestrogen assays were performed on 5 X 48 hours
urinary specimens collected immediately before hyster¬
ectomy. Range: oestriol 6-2 /xg. to 40 /xg. (mean 22-7
/xg.); oestrone 2 0 /xg. to 12 0 /xg. (mean 6-6 /xg.);
oestradiol nil to 2-9 /xg. (mean 1-3 /xg.); total 8-2 /xg.
to 55 /xg. (mean 30-6 /xg.).

This case is an example of elevated oestrogen
levels associated with cystic glandular hyper¬
plasia.

Case No. 40 (Fig. 17). Aged 44 years. Para 3 + 1.
This patient's menstrual history had previously been
quite normal. However, because of a prolonged bout of
bleeding, she was curetted on 13th December, 1956 and
cystic glandular hyperplasia was found. Little benefit
followed this operation for, although she had a short
menstrual period from 30th January to 3rd February,
1957 uterine bleeding recommenced on 12th February
and continued until hysterectomy with bilateral salpingo-
oophorectomy was performed on 8th March. At this
time the endometrium again showed cystic glandular
hyperplasia. Figure 17 shows the results of oestrogen
assays performed on urine collected before, during and
after operation. On the 4 pre-operative days the total
amounts excreted were between 40 /xg. and 60 /xg. per
day. Following hysterectomy and removal of the ovaries,
the urinary oestrogen levels decreased rapidly and
reached post-menopausal levels in 5 days.

This case shows high oestrogen levels associ¬
ated with cystic glandular hyperplasia. Removal

CASE NO. 40.
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Case No. 40. Cystic glandular hyperplasia.

of the ovaries was followed by a prompt fall in
urinary oestrogens to post-menopausal levels.

Case No. 41. Aged 16 years, Para 0+0. Until
January, 1957 the menstrual cycle had been regular
since the menarche at 14 years. A menstrual period
commencing on 4th January lasted until the 15th.
On 22nd February bleeding recommenced and con¬
tinued until curettage was performed on 18th March,
1957. At this time the endometrium showed cystic
glandular hyperplasia. Oestrogen assays were performed
on 2 x 48 hours urinary collections made just after the
curettage. Range: oestriol 5-8 /xg., 7-8 /xg.; oestrone
4-0/xg., 3-7 /xg.; oestradiol 1-1 /xg., 1-7 /xg.; total 10-9
/xg., 13-2 /xg. per 24 hours.

These values are compatible with weakly
stimulating levels of oestrogens but are unlikely
to have produced cystic glandular hyperplasia.
It is more probable that this case is similar to
Case No. 32.

Case No. 42 (Fig. 18). Aged 40 years. Para 5 + 1.
This patient had a history of irregular and excessive
menstruation for over a year. On 28th February, 1957,
when heavy bleeding had continued for 15 days, curettage
was performed and the endometrium showed cystic
glandular hyperplasia. Bleeding, which was not excessive,
began again on 6th April and lasted for 6 days. Another
curettage performed on 17th May also showed cystic



196 JOURNAL OF OBSTETRICS AND GYNAECOLOGY

CASE NO. 42
CURETTAGE

^CYSTIC GLANDULAR^
\ HYPERPLASIA /

(7 19 21 23 25 27 29 31
march

8 IO 12 W 16 18 202224262830 2 4
april 1957

Fig. 18

14 16 B 20

Case No. 42. Cystic glandular hyperplasia.

glandular hyperplasia of the endometrium. Bleeding
recommenced on 30th June, 1957 and continued until
hysterectomy with bilateral salpingo-oophorectomy was
performed on 28th July. Examination of the extirpated
uterus and appendages revealed an ovary containing a
corpus luteum about 4 days old and cystic endometrium
showing early secretory changes. Urinary collections
were made from 15th March until 20th May. Figure 18
shows the results of oestrogen assays performed during
this time. The levels fluctuated between 16 \n%. and 95 jug.
total oestrogens per 24 hours.

This is another example of the association of
cystic glandular hyperplasia with high and
fluctuating levels of urinary oestrogens. The
peaks which occurred on 21st to 23rd March
and 22nd to 24th April resembled the ovulation
peak of an ovulatory menstrual cycle but the
subsequent rises and falls characteristic of the
luteal phase did not occur. The findings at
operation of a recent corpus luteum and a

cystic endometrium showing early secretory
changes lend support to the belief that ovulation
was occurring at intervals in this patient. How¬
ever, in the absence of further tests of corpus
luteum function such as pregnanediol deter¬
minations or more frequent endometrial
biopsies, it is difficult to draw further con¬
clusions from this case.

Case No. 43 (Fig. 19). Aged 46 years. Para 5+0.
This patient had developed irregular and excessive
menstrual bleeding over a period of some 10 months.
Curettage on 27th September, 1956 revealed cystic
glandular hyperplasia. The subsequent 2 menstrual
periods were not excessive but bleeding which com¬
menced on 15th February, 1957 lasted until 31st March.
Further slight bleeding was recorded on 10th and 11th
April. Urinary collections were made from 12th to 30th
April. An artificial menopause was induced by the
insertion of intra-uterine radium on 22nd April.
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Figure 19 shows the results of the oestrogen assays.
The oestrogen levels rose from a total of 50 fig. per day
on 12th April to a peak of 100 fig. per day on the 16th
and then decreased. After the insertion of radium, the
levels decreased rapidly and reached post-menopausal
levels within 7 days.

This case shows high fluctuating levels of
oestrogens in a patient in whom the presumptive
diagnosis of cystic glandular hyperplasia was
based upon previous histological findings.

Case No. 44. Aged 49 years. Para 8+0. This patient
complained of menstrual irregularity and excessive
loss over many months. She experienced 12-weeks
bleeding over the months October, November and
December, 1953 and January, 1954. Hysterectomy
with bilateral salpingo-oophorectomy was performed
on 26th January, 1954. At this time, 16 days after the
cessation of bleeding, a late proliferative endometrium
with several cystic glands, but not the full picture of
cystic glandular hyperplasia, was found.

Oestrogen assays were performed on 2x24 hours
urinary specimens collected on the 2 days prior to
operation. Range: oestriol 62ftg., 58 /xg.; oestrone 35 fig.,
22fig.; oestradiol 9 0fig., 11 0 fig.; total 106fig., 91 fig.,

per 24 hours. Two weeks after hysterectomy and bilateral
oophorectomy the oestrogen levels were: oestriol 1 • 1 fig.,
0-8 fig.; oestrone 1-0 fig., 1-1 fig.; oestradiol nil, nil;
total 2-1 fig., 1-9 fig.

This case shows high levels of urinary
oestrogens associated with an early picture of
cystic glandular hyperplasia. Urinary oestrogen
excretion decreased to post-menopausal levels
after bilateral oophorectomy.

Group III. Other Forms of Dysfunctional Uterine
Bleeding

The clinician has found it very difficult to
classify and understand the comparatively large
group of patients suffering from dysfunctional
uterine bleeding who do not fall into the clearly
defined groups of anovulatory menstrual cycles
or of cystic glandular hyperplasia. Carefully
timed endometrial biopsies are not necessarily
of absolute diagnostic value as, all too fre¬
quently, they provide only a broad basis for the
division of cases into those in whom there is
evidence of a progestogenic effect and those, the
large majority, in whom it is clear that no such
effect exists. Suitable cases for study are
peculiarly difficult to collect and little worth¬
while information can be obtained without
study over many weeks. The subsequent case
histories are illustrative of this type of dys¬
functional uterine haemorrhage.
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Case No. 45. Dysfunctional uterine haemorrhage.

Fig. 19

Case No. 43. Cystic glandular hyperplasia.
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Case No. 45 (Fig. 20). Aged 43 years. Para 0+0.
For most of her menstrual life this patient experi¬
enced normal and regular periods. For the preceding
5 years, however, menstruation had been irregular both
in time and duration. Bleeding which began on 3rd
October, 1955 was still continuing on 29th October when
an endometrial biopsy was performed. An almost
atrophic "resting" endometrium was found at this time.

Oestrogen assays were performed from 25th October
until 13th November and then sporadically until 8th
January, 1956. At the time of biopsy, when an atrophic
endometrium was found, the total oestrogen levels had
been maintained in the range 13 fig. to 25 fig. per day
since the start of assays 4 days earlier. Furthermore, they
remained practically within this range for the remainder
of the study. These levels are usually associated with
proliferative changes in the endometrium. The finding
of an atrophic endometrium might have been due to
complete shedding of the endometrium during the
preceding 4 weeks of bleeding. Another and more likely
possibility is that the biopsy specimen, limited to one
strip of endometrium, was not necessarily representative
of the endometrium as a whole.

Case No. 46. Aged 47 years. Para 0+0. In this
case menstruation had been regular until 19th March,
1956 when bleeding commenced and continued until
the end of the month. The next menstrual period,
also a profuse one, lasted from 26th April until 7th
May. Uterine fibroids were diagnosed and hysterectomy
with bilateral salpingo-oophorectomy was performed
on 19th May. Examination of the specimen showed that
the fibroids present did not anatomically affect the
endometrial cavity. The endometrium itself was in a
late proliferative phase, that is, 24 days after the onset
of the previous menstrual period on 26th April.

Oestrogen assays were performed on urinary collec¬
tions made during the 3 days immediately preceding
operation. Range: oestriol 6-9 fig. to 13-8 fig. (mean
11-1 fig.); oestrone 10-2 fig. to 20-4 fig. (mean 16-2
fig.); oestradiol 1 • 4 fig. to 6-2 fig. (mean 3 • 8 fig.); total
18-5 fig. to 40-4 fig. (mean 31-1 fig.). These figures
represent oestrogen levels which are usually associated
with stimulation of the endometrium and, in fact, no
recent corpus luteum was found in the ovaries removed
at operation.

Case No. 47 (Fig. 21). Aged 20 years. Para 0+0.
From the menarche at 15 years, this patient com¬
plained that the interval between menstruation varied
from 2 to 12 weeks. The duration of the flow was usually
only one week, but bleeding which commenced on 21st
March, 1956 lasted for 10 weeks until 26th May.
Curettage performed on 1st June, 1956 showed a late
proliferative endometrium.

Urinary oestrogens were measured from 22nd May
until 3rd July. Figure 21 shows the results obtained.
From 22nd May until 17th June the total amount of
oestrogens excreted daily was between 10 fig. and 18 fig.
The amounts then increased to a peak of 55 fig. on 21st
June, fell and then rose again. The peak resembled the
ovulation peak of an ovulatory menstrual cycle. Bleeding
began 16 days after the peak, but a biopsy was not
obtained to confirm that ovulation had occurred.

However, the oestrogen excretion pattern during the
month of June strongly suggests that ovulation did
occur.

This case is an example of the occurrence of
spontaneous ovulation following a grossly
prolonged proliferative phase.
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Case No. 47. Dysfunctional uterine haemorrhage.
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Figure 22 shows the results of oestrogen assays per¬
formed from 4th November, after 4-weeks bleeding,
until 18th November. The total oestrogen excretion was
approximately 17 jitg. per day on 4th to 6th November
and then decreased to approximately 5 /xg. per day.
Under these conditions the endometrium obtained by
curettage was quite thick and showed a late proliferative
phase. A similar endometrial picture was found at
hysterectomy.

Case No. 49. Aged 39 years. Para 2+0. In this
case menstruation had been regular until 1955 but
during the past year had become irregular with heavy
loss. Bleeding, which commenced on 5th November,
1956 continued for 23 days until 28th November. On
10th December curettage was performed and a very
early secretory endometrium was found. The next
episode of bleeding occurred on 16th December and
thereafter her menstrual function returned to normal.
Oestrogen assays were performed on 2x48 hours
urinary specimens collected from 9th to 12th December.
The consecutive results were: oestriol 12-6 /xg., 19 ■ 2 /xg.;
oestrone 5-2 /xg., 6 0 /xg.; oestradiol 1-5 /xg., 2 0 jug.;
total 19-3 /xg., 27-2 /xg.

Whilst these isolated results have little
meaning in themselves, they are compatible
with luteal phase oestrogen levels. This is

Case No. 48 (Fig. 22). Aged 46 years. Para 1 + 1. another patient in whom spontaneous ovulation
For 2 years this patient had experienced irregular occurred following a prolonged episode ofuterine bleeding. From July until the beginning of , . ° r b *
October, 1956 there was amenorrhoea. Bleeding com- bleeding,
menced in October and continued until 16th November.
Curettage was performed on 11th November, during the Case No. 50 (Fig. 23). Aged 41 years. Para 6+2.
bleeding phase, and a late proliferative endometrium In this case menstrual function had been normal until
was found. As the uterus contained fibroids, hyster- 9th January, 1957 when she commenced a period of
ectomy with bilateral salpingo-oophorectomy was bleeding which lasted until 25th January. Because of this
carried out on 24th November. she was curetted on 4th February and an early prolifera-

case no 5q

Fig. 23
Case No. 50. Dysfunctional uterine haemorrhage.
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Case No. 48. Dysfunctional uterine haemorrhage.
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tive endometrium was found. Thereafter she had regular
bleeding phases which commenced on 19th February,
18th March and 15th April.

Urinary oestrogen determinations were made sporadi¬
cally on 48-hours specimens of urine during January,
February, March and April, 1957. Figure 23 shows the
results obtained. Regular rises and falls between approxi¬
mately 7 /xg. to 35 fig. total oestrogens per day occurred
between each bleeding phase. In the absence of endo¬
metrial biopsies taken at the time of bleeding or of more
frequent oestrogen assays, it is impossible to state
whether these were ovulatory or anovulatory cycles.

Case No. 51. Aged 20 years. Para 0+0. This
patient, who showed clinical evidence of genital hypo¬
plasia, had experienced relatively infrequent menstru¬
ation for 2 years. After a period of 6-months
amenorrhoea, bleeding commenced on 28th December,
1956 and lasted almost continuously until 16th March,
1957 when she was curetted. No endometrium was

obtained. This patient subsequently had apparently
normal menstruation in April, May and June, 1957.
Urinary oestrogen assays were performed on 4 x 48 hours
urinary specimens collected between 9th and 15th, and
19th and 21st March, 1957. Range: oestriol 8-5 fig. to
17-5 /xg. (mean 12-0 fig.); oestrone 9-5 fig. to 13-3 fig.
(mean 11-8 fig.); oestradiol 3-3 fig. to 6-5 fig. (mean

4-9 fig.); total 24-6 fig. to 33-4 fig. (mean 28-7 fig.). It
is difficult to explain the lack of curettings in the presence
of these levels of oestrogens which are usually associated
with a stimulated endometrium. The possibilities are
that the endometrium had been completely shed during
the preceding episode of bleeding or, alternatively, that
there was no response to these levels of oestrogens from
an insensitive endometrium associated with uterine
hypoplasia.

Section III
Amenorrhoea

Twenty-four patients are included in this
group and, of these, 4 were cases of primary
amenorrhoea, 3 being due to congenital absence
of the uterus and vagina. The remaining 20
patients were cases of secondary amenorrhoea
of a duration varying from 7 weeks to 13 years.

Case No. 52 (Fig. 24). Aged 20 years. This was a
case of congenital absence of the uterus and vagina
but there was normal development of secondary
sex characteristics. The patient was admitted to hospital
for construction of an artificial vagina, and during
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Case No. 52. Amenorrhoea. Congenital absence of uterus and vagina.
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Case No. 53. Amenorrhoea. Congenital absence of uterus and vagina.

her stay in hospital between 18th April and 25th May,
1954, 25 assays of urinary oestrogens were made on
24-hours collections of urine. The results are illustrated
in Figure 24. It will be noted that from admission, for
a period of 29 days, the oestrogen levels were consistent
with the proliferative phase of the menstrual cycle.
This phase was followed by a typical ovulation peak on
18th May, 1954 and for the remainder of the period of
hospitalization, until 26th May, 1954, the levels were
those of the luteal phase of a normal menstrual cycle.
Confirmation of ovulation and luteal activity was pro¬
vided by the increased excretion of urinary pregnanediol.

Case No. 53 (Fig. 25). Aged 21 years. This was a
patient with congenital absence of uterus and vagina.
There was normal development of secondary sex
characteristics and she was admitted to hospital for
the operative construction of an artificial vagina.
During her period of hospitalization, from 13th January,
1955 until 7th March, 1955, 30 assays were made
on 24-hours urinary collections. From 13th January,
1955 until 13th February, 1955 the levels were those
of the proliferative phase of a menstrual cycle. There¬
after the levels rose to an ovulation peak on 18th
February, 1955. Subsequently the levels were consistent
with a normal luteal phase. Confirmation of ovulation
and luteal activity was provided by the rising urinary
pregnanediol levels and by laparotomy, carried out on

18th May, 1955 which demonstrated the presence of
normal ovaries showing both cystic follicles and corpora
lutea.

Case No. 54 (Fig. 26). Aged 33 years. This was a
case of congenital absence of the uterus and vagina.
There was normal development of the secondary
sex characteristics and the patient was admitted to
hospital in September, 1955 for the construction of
an artificial vagina. Oestrogen assays were carried
out during September, October and November and
the results are recorded in Figure 26. From a study of
the chart it would appear that a peak of secretory
activity, perhaps a luteal maximum or an ovulation
peak, occurred on 9th September and an ovulation
peak occurred on 11th November. There is, therefore,
reasonable evidence of cyclical ovarian function in the
absence of the target organ, the uterus.

Case No. 55. Aged 33 years. Para 0+0. From the
age of 13 years, menstruation was regular until
January, 1952 when the last menstrual period occurred.
After a period of amenorrhoea lasting for one year,
at the age of 31 years, laparotomy was performed on
8th February, 1953 when a left combined granulosal
and thecal celled ovarian tumour was removed.
Following operation, amenorrhoea continued and a
diagnostic curettage was carried out one year later,
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Case No. 54. Amenorrhoea. Congenital absence of uterus and vagina.
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on 3rd February, 1954. The histological picture was that
of cystic glandular hyperplasia. Amenorrhoea continued
and curettage was repeated on 18th February, 1955 with
the same histological findings. A second laparotomy
was performed on 22nd April, 1955 when a right com¬
bined granulosal and thecal celled ovarian tumour was
removed. Three x 24 hours urinary collections were
made before the laparotomy in 1955 with the following
results: Range: oestriol 3-5 /xg. to 6-3 /xg. (mean 5 0
tig.); oestrone 6 0 fig. to 10-4 /xg. (mean 8-2 /xg.);
oestradiol nil to nil (mean nil); total 9-5 /xg. to 16-5 /xg.
(mean 13-2 /xg.). This was an interesting case in that a
period of amenorrhoea lasting for 3 years was associated
with an endometrium showing cystic glandular hyper¬
plasia. The urinary oestrogens were in keeping with
proliferative phase levels and the assumption is that
the functioning tumours produced sufficient oestrogens
to inhibit the pituitary and thus prevent normal cyclical
changes in the ovaries. There is at present no explanation
for the amenorrhoea which existed in this case in associ¬
ation with cystic glandular hyperplasia of the endo¬
metrium and proliferative levels of oestrogens.

Case No. 56 (Fig. 27). Aged 29 years. Para 0+0.
Since the onset of menstruation at the age of 13
years there was gross irregularity of the menstrual
cycle. Menstruation occurred at intervals of 8 to 12
weeks. Oestrogen assays were commenced in March,
1955 at which time the history revealed that the last
menstrual period commenced on 31st January, 1955
when a first day endometrial biopsy showed prolifera¬
tive changes. There was slight vaginal bleeding for
less than a day on 21st March, 1955 and 31st March,
1955. From 23rd March, 1955 until 28th April, 1955
the total oestrogen levels were within the range 12 /xg.
to 25 /xg. per day. These levels are found during the
proliferative phase of the cycle or during anovulatory
cycles. However, on 2nd May, 1955 there was a rise of
oestrogen levels to an ovulation peak, occurring after
a very prolonged proliferative phase, and thereafter
the results were in keeping with a normal luteal phase
culminating in menstruation on 17th May, 1955. Con¬
firmatory evidence of ovulation was provided by a
sustained rise in basal body temperature and an increase
in the urinary pregnanediol levels (Fig. 27).

Case No. 57. Aged 37 years. Para 2+0. Menstru¬
ation commenced at the age of 13 years and,
apart from the interruption of two pregnancies, was
regular until 16 months prior to admission. During
this period there was complete amenorrhoea and
a late symptom was pelvic pain. Examination revealed
the presence of a left ovarian tumour. A provisional
diagnosis of functioning ovarian tumour was made
and confirmed by laparotomy on 31st May, 1955 when
a left combined granulosal and thecal celled tumour
was removed. Diagnostic curettage performed on 20th
May, 1955 provided endometrial tissue showing the
very early secretory changes of subnuclear vacuolation.
Only 1 x 24 hours urinary collection was submitted for
oestrogen assay on 24th to 25th May, 1955 and the
results were: oestriol 9-4 /xg.; oestrone 2-4 /xg.;

oestradiol 0-9 /xg.; total 12-7 /xg. It is not possible to
draw any conclusions from this single urinary assay
but it is clear that the readings obtained are not in
keeping with a luteal phase which was to be expected
from the endometrial findings obtained by curettage
carried out 4 days previously. All that can be said in
this case is that the presence of the functioning tumour
clearly upset the normal cyclical rhythm of the ovaries
and in consequence the cyclical changes in the endo¬
metrium.

Case No. 58. Aged 34 years. Para 0+0. From
the age of 12 years until 21 years menstruation
was regular. Thereafter no spontaneous menstruation
occurred. Thus, at the time of investigation, amenor¬
rhoea had lasted for 13 years. In June, 1955 3x24
oestrogen assays were carried out. Results: oestriol
1-3 /xg. to 3 0 /xg. (mean 2-2 /xg.); oestrone 1-6 /xg. to
3-3 fig. (mean 2-4 /xg.); oestradiol nil to 1-3 /xg. (mean
0-7 /xg.); total 4-6 /xg. to 5-9 /xg. (mean 5-3 /xg.). These
figures are clearly within the post-menopausal range
and follow-up of this case for 3 years revealed no
spontaneous menstruation. This was evidently a case
of menopause praecox.

Case No. 59. Aged 21 years. Para 0+0. This
was a case of primary amenorrhoea and there was
minimal development of secondary sex character¬
istics. The case was investigated in 1955 when
2x24 hours urinary collections were assayed, with
the following results: Range: oestriol 3-1 /xg., 5-0 /xg.
(mean 4 • 0 /xg.); oestrone 3 • 0 /xg. ,4-2 /xg. (mean 3 • 6 /xg.);
oestradiol 0 • 8 /xg. ,1-2 /xg. (mean 1 • 0 /xg.); total 7 • 3 /xg.,
10-0 /xg. (mean 8-6 /xg.). These figures come within
post-menopausai levels and in the follow-up there was
no spontaneous menstruation during a period of 3
years. All the circumstances associated with this case
suggest that spontaneous menstruation is unlikely to
occur but is clearly the type of case which should have
further investigation, particularly of pituitary gonado-
trophin levels.

Case No. 60. Aged 38 years. Para 0+0. Since
the onset of menstruation at the age of 15i years,
cycles were grossly irregular with intermittent short
periods of amenorrhoea up to 16-weeks duration. At
the time of investigation in 1955 there had been
amenorrhoea for 16 weeks. Oestrogen assays were
carried out on 4x24 hours urinary collections with
the following results: Range: oestriol 2-4 /xg. to 3-2 /xg.
(mean 2-9 /xg.); oestrone 1-0 /xg. to 4-7 /xg. (mean
2-9 /xg.); oestradiol nil to nil (mean nil); total 3-4 /xg.
to 7-9 /xg. (mean 5-8 /xg.). These figures are within
post-menopausal limits and in the follow-up there was
no spontaneous menstruation for 3 years. This appeared
to be a case of menopause praecox.

Case No. 61. Aged 21 years. Para 0+0. The
menarche occurred at 14 years and thereafter menstru¬
ation was regular until the age of 20 years, apart
from a period of amenorrhoea lasting for 8 months
in 1953, at the age of 18 years. At the time of investi¬
gation in 1955 amenorrhoea had lasted for 10 months.
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Oestrogen assays were carried out on 2x48 hours
urinary collections with the following results: Range:
oestriol 20 /xg., 2-5 /xg. (mean 2-3 /xg.); oestrone
4-1 /xg., 4-7 /xg. (mean 4-4 /xg.); oestradiol 1-8 fig.,
3-1 fig. (mean 2-4 fig.); total 9-8 /xg., 8-4 fig. (mean
9 • 1 /xg.). The readings in this case are within the post¬
menopausal range and, therefore, the assumption is
that spontaneous menstruation is unlikely. In the
follow-up there has been no spontaneous menstruation
up to date.

Case No. 62. Aged 18 years. Para 0+0. This
patient was of small stature and showed poor
development of secondary sex characteristics. There
was the history of 2 menstrual periods at the age of
16 years. Thereafter there was no spontaneous menstru¬
ation so that, at the age of 18 years, when investigated,
there had been amenorrhoea for 2 years. During
October, 1955, 3x24 hours and 2 x 48 hours urinary
collections were made and the results of oestrogen
assays were as follows: Range: oestriol 10-3 fig. to
15-1 fig. (mean 12-9 /xg.); oestrone 3-6 /xg. to 4-4 /xg.
(mean 4-1 /xg.); oestradiol 2-1 /xg. to 3-3 /xg. (mean
2-6 /xg.); total 16-7 /xg. to 221 /xg. (mean 19-6 /xg.).
These readings are clearly above post-menopausal
levels and are consistent with functioning ovaries. In
the follow-up of this case there was the history of
menstrual periods in June and August, 1956 but no
further spontaneous menstruation since.

Case No. 63 (Fig. 28). Aged 23 years. Para 0+0.
Since the menarche at 15 years menstrual periods
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Case No. 63. Amenorrhoea. Secondary.

had occurred at grossly irregular intervals of 2 to 8
months. At the time of investigation in November, 1955
amenorrhoea had been present for 3 months and an
endometrial biopsy performed on 17th November, 1955
showed endometrium in an early proliferative phase.
Urinary oestrogen assays were carried out from 18th
November until 9th December, 1955 and these are
illustrated in Figure 28. From 18th November until
2nd December, 1955 oestrogen levels were extremely
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Case No. 64. Amenorrhoea. Secondary.
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low but thereafter increased until a peak was reached
on 7th December, 1955. The chart suggests ovulation
at this time and confirmation of this interpretation was
obtained by biopsy carried out on 11th December, 1955
which showed early secretory changes in the endo¬
metrium and on 22nd December, 1955 or 15 days after
the ovulation peak, menstruation commenced.

Case No. 64 (Fig. 29). Aged 16 years. Para 0+0.
Since the onset of menstruation at the age of 13 years,
menstrual periods had occurred at irregular intervals.
This patient was admitted to hospital for investigation
in January, 1956 but before urinary collections were
commenced a menstrual period took place, from 11th
to 14th January. From Figure 29 it will be seen that
daily urinary oestrogen assays were carried out from
13th January to 25th February, 1956 and from 27th
February until 1st March, 1956. In all, 46x24 hours
urinary specimens were assayed over this period and
the assay results were: Range: oestriol 2-1 /xg. to
13-0 /xg. (mean 5-6 /xg.); oestrone 5-3 /xg. to 8-3 /xg.
(mean 6 ■ 3 /xg.); oestradiol 1-2 /xg. to 6-4 /xg. (mean
2-8 /xg.); total 9-8 /xg. to 22-4 /xg. (mean 14-7 /xg.).
These levels are consistent with endometrial stimulation
in the proliferative phase and biopsy carried out on
25th February, 1956 showed early proliferative changes
in the endometrium. After investigation this patient
was given hormone therapy which resulted in with¬
drawal bleedings but the first subsequent spontaneous
menstrual period occurred in October, 1956.

Case No. 65. Aged 36 years. Para 2+0. From
the age of 13 years a regular menstrual rhythm was
interrupted on 2 occasions by pregnancies in 1945
and 1946. The last menstrual period occurred in
1952 and thereafter there was amenorrhoea for
4 years prior to investigation in June, 1956. Twox48
hours urinary collections were examined and the
oestrogen levels were: oestriol 2-8 /xg., 3-4 /xg.; oestrone
2-8 /xg., 2-3 /xg.; oestradiol nil, nil; total 5-6 /xg., 5-7 /xg.
At the same time biopsy failed to produce any endo¬
metrial tissue. The figures obtained upon oestrogen
assay fell within post-menopausal limits and in the
follow-up of this case there has been no spontaneous
menstruation to date. The patient has complained of
flushes and it is probable that a premature menopause
has occurred.

Case No. 66. Aged 20 years. Para 0+0. The
menarche occurred at 12 years and until the age
of 17 years menstruation was regular. Thereafter for
2 years menstrual periods occurred at irregular
intervals and for the 10 months prior to investigation
in October, 1956 there was complete amenorrhoea.
Only 1 x 48 hours urinary collection was examined
and the oestrogen findings were: oestriol 1-8 /xg.;
oestrone 3-1 /xg.; oestradiol nil; total 4-9 /xg. At the
same time biopsy failed to produce any endometrial
tissue. These oestrogen levels are within the post¬
menopausal range indicating an absence of ovarian
function. In the follow-up of this case there has been
no spontaneous menstruation to date.

Case No. 67. Aged 26 years. Para 0+0. From
the menarche at 13 years, menstruation occurred
at grossly irregular intervals ranging between 6 to
12 weeks, until the age of 23 years. From then until
the time of investigation in December, 1956, a period
of 3 years, there was complete amenorrhoea. Three x 48
hours urinary collections were made between 11th and
17th December, 1956 and subjected to oestrogen assay.
The results were: Range: oestriol 15-3 /xg. to 18-0 /xg.
(mean 16-3 /xg.); oestrone 5-2 /xg. to 6-2 /xg. (mean
5-8 /xg.); oestradiol 2-0 /xg. to 3-3 /xg. (mean 2-5 /xg.);
total 23-5 /xg. to 25-4 /xg. (mean 24-6 /xg.). These are
stimulating levels of oestrogen indicating ovarian
function. The endometrium was not investigated in
this case but spontaneous menstruation occurred on
7th January, 1957.

Case No. 68 (Fig. 30). Aged 26 years. Para 0+0.
From the age of 13 years menstruation was regular
at 28-days intervals until 10 months prior to investi¬
gation. From then there was complete amenorrhoea.
The patient was grossly obese and examination under
anaesthesia on 2nd February, 1957 showed enlarged
cystic ovaries and evidence of uterine hypoplasia.
Curettage at this time failed to produce endometrial
tissue. Oestrogen assays were carried out between 27th
January and 26th February, 1957. In all, 10x48 hours
urinary collections were examined with results illus¬
trated in Figure 30. Spontaneous menstrual bleeding
commenced on 21st February, 1957 and lasted for 7
days. During the period of assay prior to menstruation
the level of total oestrogens was in the region of 12 /xg.
to 24 /xg. (mean 19 /xg.). These were stimulating levels
but there was no evidence of an ovulation peak, thus
the assumption is that the bleeding which commenced
on 21st February, 1957 was of an anovulatory type.

Case No. 69. Aged 41 years. Para 1 +0. Since
the menarche at 13 years the menstrual cycle was
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Case No. 68. Amenorrhoea. Secondary.
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entirely regular until one year prior to investigation,
with only one interruption due to pregnancy at 25
years. At the age of 40 years there was a period of
amenorrhoea for 3 months, then a normal menstrual
period followed by amenorrhoea again for 3 months.
This was followed by another normal menstrual period
in August, 1956 since when there was no menstruation
up until the time of admission. On this occasion amenor¬
rhoea had existed for 5 months. Between 7th and 15th
February, 1957, 4x48 hours urinary collections were
subjected to oestrogen assay. The results were: oestriol
12-0 fig., 16-1 fig., 21-6 fig., 24-8 fig.; oestrone 8-4 fig.,
11-2 fig., 12-6 fig., 13-6 fig.; oestradiol nil, 2-8 fig.,
2-2 fig., 0-8 fig.; total 20-4 fig., 30-1 fig., 36-4 fig.,
39-2 fig. These figures are consistent with oestrogen
levels rising to an ovulation peak and this interpretation
was supported by a biopsy carried out on 8th February,
1957 which showed a late proliferative endometrium.
Subsequent menstruation occurred at the beginning
of March and on 8th April, 1957.
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Case No. 71. Amenorrhoea. Secondary.
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Case No. 70. Amenorrhoea. Secondary.

Case No. 70 (Fig. 31). Aged 27 years. Para 0+0.
Menstruation did not start until the age of 17 years
and thereafter was somewhat irregular with occasionally
missed periods. On examination there was evidence of
hypoplasia of the uterus. Prior to investigation there
was a period of amenorrhoea of 6-months duration.
Between 3rd February and 3rd March, 1957, 9x48
hours urinary collections were submitted for oestrogen
assay. Curettage was performed on 9th February, 1957
when the endometrium was in an inactive resting phase.
The results of oestrogen assay, as illustrated in Figure 31
were: Range: oestriol 5-1 fig. to 8-8 fig. (mean 6-3 fig.);
oestrone 5-4 fig. to 7-7 fig. (mean 6-2 fig.); oestradiol
nil to 2-4 fig. (mean 0-7 fig.); total 11-0 fig. to 17 0 fig.
(mean 13-2 fig.). These readings are indicative of ovarian
function and are consistent with moderate endometrial
stimulation. Menstruation occurred on 16th March,

1957 or 13 days after the last oestrogen assay. It was not
ascertained whether this was a normal or anovulatory
type of bleeding.

Case No. 71 (Fig. 32). Aged 19 years. Para 0+0.
From the menarche at the age of 13 years, menstru¬
ation occurred at irregular intervals of 2 to 5 months.
The patient was grossly obese. Immediately prior to
investigation, amenorrhoea had existed for 7 months.
Between 22nd February and 9th March, 1957, 6x48
hours urinary collections were investigated and the
results are illustrated in Figure 32. Over the period
under investigation, the range of oestrogens was:
oestriol 4-4 fig. to 7-2 fig. (mean 5-4 fig.); oestrone
7 • 8 fig. to 11-4 fig. (mean 9 • 4 fig.); oestradiol 2 • 5 fig.
to 5-5 fig. (mean 3-8 fig.); total 14-1 fig. to 24-1 fig.
(mean 18-6 fig.). These levels are consistent with ovarian
function and moderate stimulation of the endometrium.
Curettage, carried out on 9th February, 1957 showed
early proliferative changes in the endometrium and a
menstrual period occurred on 3rd May, 1957. It was
not ascertained whether this was normal or anovulatory
menstruation.

Case No. 72. Aged 21 years. Para 0+0. From
the onset of menstruation at the age of 12 years,
the menstrual cycle was regular until 1950 (aged 14
years). Thereafter there was a menstrual period in
July, 1951 and another in June, 1955. When investi¬
gation was carried out in February, 1957, amenorrhoea
had been present for 20 months. During February,
1957, 7x48 hours urinary collections were submitted
for oestrogen assay. The results were: Range: oestriol
nil to 2-3 fig. (mean 0 • 8 fig.); oestrone 1 • 2 fig. to
3-3 fig. (mean 2-2 fig.); oestradiol nil to 10 fig. (mean
0-1 fig.); total 1-8 fig. to 6-2 fig. (mean 3-1 fig.). These
figures correspond to post-menopausal levels. They
indicate absence of ovarian function and at curettage
performed on 21st September, 1956 no endometrial
tissue was obtained. In the follow-up of this case there
has been no spontaneous menstruation to date.
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Case No. 73. Aged 24 years. Para 0+0. From
11 years of age menstruation was regular until the
age of 17 years. Since then there had been no
further menstruation. When investigation was carried
out in April, 1957, amenorrhoea had been present for
7 years. During April and May, 1957, 3x48 hours
urinary collections were submitted for oestrogen assay
and the results were: Range: oestriol 1-5 /xg. to 51 fig.
(mean 3 ■ 6 jug.); oestrone 2 • 3 fig. to 4-1 fig. (mean
3-3 jug.); oestradiol 0-6 fig. to 1-3 fig. (mean 0-9 jug.);
total 6-2 fig. to 8-9 fig. (mean 7-8 fig.). These figures are
consistent with post-menopausal levels. Curettage per¬
formed on 25th April, 1957 failed to produce any
endometrial tissue and there has been no recurrence of
menstruation to date. Thus there is no evidence of
ovarian function and the assumption is that this is a
case of menopause praecox.

Case No. 74. Aged 28 years. Para 0+0. From
the age of 14 years menstruation was regular until
June, 1956. Thereafter there was no further menstru¬
ation up to the time of investigation in May, 1957.
Thus there had been amenorrhoea for 11 months.
In this case severe emotional upset may have been a
factor in the aetiology of the amenorrhoea. In May
and June, 1957, 3x48 hours urinary collections were
subjected to oestrogen assay with the following results:
Range: oestriol 5-5 jug. to 4 0 jug. (mean 4-5 fig.);
oestrone 2-5 jug. to 3-4 fig. (mean 2-9 fig.); oestradiol
nil to 0-9 jug. (mean 0-4 fig.); total 6-8 fig. to 8-9 jug.
(mean 7-8 jug.). These figures come within the post¬
menopausal range and curettage carried out on 1st
June, 1957 failed to produce any endometrial tissue.
The results indicated absence of ovarian function but
in the follow-up of this case it was found that menstru¬
ation occurred in September, October and November,
1957 and conception took place after the November
menstrual period. Although it would be unwise to draw
any definite conclusions from such a short-term period
of oestrogen assay, this case would appear to suggest
that a state of abnormal ovarian function is not

necessarily irreversible. In a case of this type it would
be helpful to have a knowledge of pituitary gonado-
trophin output.

Case No. 75. Aged 18 years. Para 0+0. Menstru¬
ation did not commence until the age of 17 years
and thereafter occurred at irregular intervals for 7
months only. When admitted for investigation, amenor¬
rhoea had lasted for 41 months. During October,
1957, 4 x 24 hours urinary collections were subjected
to oestrogen assay. The results were: Range: oestriol
7-2 fig. to 9-0 fig. (mean 8-2 fig.); oestrone 3-6 fig.
to 5-2 jug. (mean 4-2 fig.); oestradiol 0-5 fig. to 1-9 fig.
(mean 1-1 jug.); total 12-4 fig. to 14-3 fig. (mean 13-5
lig.). These levels are consistent with moderate oestrogenic
stimulation of the endometrium and curettage carried
out on the last day of urinary collection showed endo¬
metrium in an early proliferative phase. The immediate
post-investigation period was confused by the adminis¬
tration of hormone therapy but spontaneous menstru¬
ation subsequently occurred on 31st December, 1957
and regularly thereafter.

This series of cases of amenorrhoea can be
divided up into groups according to the assay
findings and subsequent history.

In Group I, Cases Nos. 52, 53 and 54, the
cause of primary amenorrhoea was congenital
absence of uterus and vagina. Urinary oestrogen
assay over a prolonged period showed evidence
of cyclical ovarian function in each case and
thus proof has been provided that normal
ovarian function is possible in the absence of
the target organ, the uterus.

Group II consists of 8 cases, one with primary
amenorrhoea (Case No. 59) and 7 with
secondary amenorrhoea (Cases Nos. 58, 60,
61, 65, 66, 72 and 73). In all of these cases the
oestrogen levels were within post-menopausal
limits. In the subsequent follow-up of these
patients spontaneous menstruation did not occur
over periods ranging from 1 to 3 years. In this
group of 8 cases the oestrogen range was;
oestriol nil to 5 • 0 /xg. (mean 2 • 4 /xg. ±1-1 /xg.*);
oestrone 1 • 0 jug. to 4 • 7 /xg. (mean 3 • 2 /xg. ±0 • 6
/xg.*); oestradiol nil to 3-1 /xg. (mean 0-7±0-9
/xg.*); total 1 -8 /xg. to 10-0 /xg. (mean 6-3
/xg.J^-O /xg.*). These figures resemble very
closely those for the post-menopausal patients
with inactive endometrium included in the
section of this paper devoted to cases of post¬
menopausal bleeding (Section I, Group I).
Although the ages of the patients in this group
range from 20 to 38 years the clinical and assay
evidence suggests an absence of ovarian function
to a degree consistent with post-menopausal
changes. Thus it would be reasonable to con¬
clude that these are instances of menopause
praecox. However, it is necessary to strike a
note of caution, particularly in relation to short-
term oestrogen assay, as Case No. 74 illustrates
the apparent reversibility of such a situation.
From these observations it is clear that a

dogmatic opinion cannot be given unless
oestrogen assays are carried out over a prolonged
period of, perhaps, at least 3-weeks duration. It
may be that the finding of post-menopausal
levels of oestrogen in the urine of patients
within the child-bearing age period is capable
of at least two explanations. Firstly, it is
possible that the ovaries in these cases may

* Standard deviation.
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contain no follicles capable of maturation or
function. In such cases the situation is irrever¬
sible. On the other hand, in other cases there
may be temporary suppression of ovarian
function for variable periods of time. In extreme
examples the urinary oestrogens may fall to post¬
menopausal levels but the situation is reversible
and return of function may occur spontaneously
or as the result of therapy. It is clear that this
type of case demands further investigation
especially with regard to aetiology, and parti¬
cularly with reference to the role of the
pituitary. Cases of this type are at present being
investigated along these lines.

Group III consists of 2 patients, Cases Nos.
63 and 74. In each of these, amenorrhoea had
lasted for several months and after a long period
of insufficient oestrogen output there was
evidence of spontaneous recurrence of ovarian
function with ultimate ovulation and menstru¬
ation.

Group IV consists of 2 patients with function¬
ing ovarian tumours, Cases Nos. 55 and 57.
In both of these cases the urinary oestrogen
levels were, perhaps surprisingly, low in that
they were consistent with somewhat low
proliferative levels. It is probable that the
continuous supply of oestrogens from the
tumour, without progesterone, is sufficient to
inhibit the pituitary which, in turn, suppresses
normal ovarian function. At the same time, the
oestrogen levels are sufficient to maintain
proliferative changes in the endometrium.

Group V consists of the remaining 9 patients
who showed evidence of varying degrees of
ovarian function. Cases Nos. 62, 64, 67, 68,
70, 71 and 75 were associated with proliferative
phase levels of urinary oestrogens. They are
thus examples of partial temporary suppression
of ovarian function and, as such, justify further
investigation including assay of pituitary
gonadotrophins. In each of these cases spon¬
taneous menstruation subsequently occurred
but it was not ascertained if this was associated
with ovulation or not. Cases Nos. 56 and 69
were somewhat similar, but in each of these
cases there was clear evidence of ovulation
occurring after 4- and 6-months amenorrhoea
respectively.

journal of obstetrics and gynaecology

Discussion

This study covers a miscellaneous collection
of gynaecological disorders. Each case has been
summarized with details of clinical and patho¬
logical data and results of oestrogen assay. The
various findings have been interpreted in
relation to individual patients or to groups of
similar cases. Thus it would be needlessly
repetitive to embark upon a detailed discussion
of all cases again. In many instances, investi¬
gation was far from complete and additional
information would have been desirable. How¬
ever, it is possible to draw some general
conclusions from the results. Taking a broad
view it would appear that the pattern of urinary
oestrogen excretion follows one of two trends.
The first trend (Type I) consists of those patients
who show a more or less constant level of
urinary oestrogens and includes post¬
menopausal patients and cases of amenorrhoea
with inactive endometrium, patients exhibiting
anovulatory cycles and some cases of cystic
glandular hyperplasia. In the second trend
(Type II) the levels of urinary oestrogens show
marked periodic fluctuations. Into this category
would fall those patients with ovulatory cycles
and some cases of cystic glandular hyperplasia.
In these patients the variations in urinary
oestrogen levels are presumably due to matura¬
tion and regression of follicles, normal or
abnormal. Ovulation, itself, is invariably associ¬
ated with a demonstrable rise and fall in

oestrogen levels (the ovulatory peak).

Type I (Fig. 33). Constant Oestrogen Levels
Patients falling within this category may be

classified according to the degree of endo¬
metrial proliferation as it is seen that the
histological pattern of the endometrium is
closely correlated with the level of oestrogens
excreted in the urine.

(1) Atrophic Endometrium. This group in¬
cludes the post-menopausal cases Nos. 1 to 10
and the cases of amenorrhoea Nos. 65, 66, 72
and 73. In each of these patients urinary
oestrogen excretion was less than 10 /xg. total
oestrogens/24 hours.

(2) Early Proliferative Endometrium. The cases
comprising this group, Nos. 18, 19, 21, 64 and
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Correlation between oestrogen levels and endometrial pattern.

75, each exhibited occasional phases of bleeding
and excreted between 7 and 18 /tig. total
oestrogens/24 hours.

(3) Proliferative Endometrium. Into this group
fall the patients with proven anovulatory
menstrual cycles, Cases Nos. 24 to 29. During
these cycles the total daily urinary oestrogen
excretion fell between 15 fig. and 30 fig. At these
levels bleeding occurred at more or less regular
monthly intervals.

(4) Cystic Glandular Hyperplasia. This group
comprises some of the cases with the clinical
diagnosis of Metropathia Haemorrhagica and
the histological endometrial picture of cystic
glandular hyperplasia. Typical examples are
provided by Cases Nos. 30 and 38. In these
patients between 25 pg. and 40 pg. total
oestrogens were excreted daily in the urine.

There is a certain amount of overlap between
the oestrogen levels found in each of the above
subdivisions (Fig. 33). This is not surprising
when account is taken of several individualistic
variable factors such as endometrial response
and duration of endometrial stimulation.

Type II (Fig. 34). Fluctuating Oestrogen Levels
In the second category are included those

patients who exhibit fluctuating oestrogen levels
and these cases can again be subdivided
according to the endometrial pattern.

(1) Secretory Endometrium. (Normal cycle.)
The urinary oestrogen excretion pattern is
characterized by the occurrence of two peaks,
between episodes of bleeding from a secretory
endometrium. The first rise produces the
"ovulatory peak" and the second the "luteal

10



210 JOURNAL OF OBSTETRICS AND GYNAECOLOGY

TYPE n.

FLUCTUATING OESTROGEN LEVELS.

Fig. 34

maximum". Menstrual bleeding occurs shortly
after the luteal maximum and approximately 14
days after the ovulatory peak. The luteal
maximum is associated with progesterone
production by the corpus luteum.

(2) Cystic Glandular Hyperplasia. Some of the
cases with proven cystic glandular hyperplasia
come into this category and typical examples
are provided by Cases Nos. 31 and 32. These
cases showed a rise and fall of oestrogen levels
between episodes of bleeding. The elevated levels
were maintained for a longer period of time,
and were usually greater, than those associated
with the ovulatory peak of the normal cycle.
Under these conditions uterine bleeding occurred
whilst the oestrogen levels were rising, at the
elevated levels, or whilst they were falling.

The patterns of oestrogen levels in these two
subdivisions are illustrated in Figure 34 which

incorporates the applicable features of Figure 33.
It should be noted how constantly oestrogen
levels are related to endometrial pattern.

Summary

(1) The urinary excretion of the three
oestrogens, oestriol, oestrone and oestradiol-17 /3
has been measured in 75 patients suffering from
a variety of gynaecological disorders.

(2) The results have been correlated with the
histological appearance of the endometrium and
with phases of uterine bleeding. Readings have
also been compared with those in women with
normal menstrual cycles and with those in
women beyond the menopause.

(3) A direct correlation was found between
the histological state of the endometrium and the
levels of urinary oestrogens.
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(4) It was found that the various gynaeco¬
logical states could be subdivided into two main
types depending on whether constant or
fluctuating amounts of oestrogens were being
excreted.

(5) It is clear that, although a great deal of
useful information can be derived from urinary
oestrogen assay alone, it is essential to relate
those results to the levels of other hormones,
particularly progesterone and the gonado-
trophins, in order to assess and treat cases of
dysfunctional bleeding in the gynaecological
patient.

The authors wish to acknowledge the in¬
valuable assistance of the many technicians of
the Clinical Endocrinology Research Unit and
the Department of Obstetrics concerned in this
study. Thanks are due to those clinical colleagues
who made available cases for investigation and

to Dr. Arnold Klopper who provided particulars
of pregnanediol assays. This study would not
have been possible without the willing and
untiring co-operation of nursing staff and
patients.
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Gynaecological Considerations

Much of our past knowledge of the role of the
oestrogens has been obtained by indirect means.
For instance, the administration of oestrogens
to a patient with a senile vaginitis caused
thickening of the vaginal skin and consequent
amelioration of the condition. Their use in
patients suffering from secondary amenorrhoea
led to endometrial stimulation and consequent
bleeding. These were rather obvious examples
of oestrogen lack. In cystic glandular hyperplasia
it was certain that there was a state of excess

oestrogen production and the degree of myo-
metrial and endometrial hyperplasia was good
evidence of this. Certain hormone producing
tumours such as a granulosal cell tumour
might have a rejuvenating effect when they
occurred in elderly women. In all these examples
the amount of oestrogen present could be
estimated in an approximate way by endo¬
metrial biopsy or vaginal smear or more exactly
by biological quantitative estimations. Oestro¬
gens have been thought to be implicated in such
conditions as uterine fibroids, carcinoma of the
cervix and of the endometrium, endometriosis
and the like, but in these conditions any real
evidence of abnormal oestrogen production has

* Presented by Professor Kellar.

been lacking. With the introduction of the
chemical quantitative methods it has become
possible to measure the urinary oestrogen
excretion in a wide variety of gynaecological
conditions and we now have a reasonable idea
of what is happening in many of them.

I.—The Post-menopausal Patient

The total mean urinary oestrogen excretion in
a post-menopausal patient is of the order of
5 • 8 jig. per 24 hours with a range of 3 • 1 /xg.
to 8 • 1 p.g. It is reasonably certain that the source
of this oestrogen is the adrenal glands for their
removal leads to a fall in oestrogen excretion to
very low levels.

Post-menopausal Bleeding
During the past few years we have had the

opportunity of measuring the oestrogen output
in a variety of conditions giving rise to post¬
menopausal bleeding and the following are the
sort of results we obtained.

(1) In some cases the source of the post¬
menopausal bleeding was a cervical or endo¬
metrial polyp and in such patients there was no
alteration in the normal post-menopausal levels
of excretion. Similarly, patients who have a post-
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menopausal haemorrhage, and in whom an
atrophic endometrium is found or in whom no
curettings are obtained, fall into this group.

(2) Ovarian tumours. We have now had the
opportunity of studying several patients pre¬
senting with post-menopausal bleeding and in
whom a simple ovarian tumour has been dis¬
covered and removed. In one such patient a
daily excretion of 45 pg. total oestrogen was
found, falling to post-menopausal levels after
the removal of a pseudomucinous ovarian cyst
and hysterectomy. Extensive histological exam¬
ination of the tumour failed to reveal any
granulosal elements although the endometrium
was typical of cystic glandular hyperplasia. In
these cases it must be assumed that the stroma

supporting the epithelium is functioning as an
oestrogen source. We have also noted this
phenomenon in malignant ovarian tumours.
Unfortunately we have not had the opportunity
of carrying out many observations on post¬
menopausal patients with oestrogenic ovarian
tumours. One elderly patient with post¬
menopausal bleeding was found to have a
cystic glandular hyperplasia of the endometrium
and an ovarian tumour. She was excreting over
30 pg. of oestrogen daily before the removal of
what proved to be a granulosal cell tumour. It
will be noted, therefore, that ovarian tumours,
benign, malignant or hormone-producing, can
give rise to levels of oestrogen sufficient to
cause endometrial proliferation and bleeding
after the menopause.

Carcinoma of the Cervix
In 6 patients in our original series the cause

of the post-menopausal bleeding was a carci¬
noma of the cervix. The mean total oestrogen
excretion was 5 • 6 p.g. daily, thus falling into the
normal post-menopausal range.

Carcinoma of the Endometrium
In 5 cases the cause of the post-menopausal

bleeding was found to be an adenocarcinoma of
the endometrium, and again the mean total
oestrogen excretion level of 5 • 5 p-g. was that of
the normal post-menopause.

In this very small series of 11 patients with
carcinoma of cervix and endometrium there is

no evidence of any abnormal excretion of
oestrogens. This group is well worthy, however,
of more extensive study and we hope we may
hear of other observations this afternoon.

II.—The Amenorrhoeas

These patients form a heterogeneous group and
our results of oestrogen assay can be briefly
summarized as follows:

Primary Amenorrhoea. Congenital absence of
the uterus and vagina. In 3 such patients it was
found that there was evidence of cyclical activity
of the ovaries, thus indicating that this activity
can occur in the absence of the target organs.

Secondary Amenorrhoea. In one group the
oestrogen excretion is low and within the post¬
menopausal level. The endometrium, if any can
be obtained, is in a resting phase. In the majority
of such patients spontaneous return of ovarian
activity is unlikely and many of these patients
would appear to have a premature menopause.

In the second group the oestrogen output is
within proliferative levels and the endometrium
shows varying degrees of activity. Most of the
patients we have studied have shown a spon¬
taneous return of menstrual function after a

variable period of amenorrhoea. This grouping
of patients suffering from amenorrhoea into
those with a post-menopausal level of oestrogen
excretion and a poor prognosis and those with a
proliferative level and a better prognosis is
probably reasonably accurate but it is not
always correct, and we have had one patient
with a low menopausal level who later had a
spontaneous return of menstrual function and
became pregnant.

It is important that the oestrogen excretion
levels should be studied over a reasonable period
of time and reliance should not be placed on a
few or isolated observations. We are at present
studying patients suffering from amenorrhoea
with a view to analyzing the precise oestrogen/
gonadotrophin relationships.

III.—Dysfunctional Uterine Bleeding

The group of patients suffering from dys¬
functional uterine bleeding is a very difficult
one for study as the patient requires to have
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Anovulatory menstruation (Brown et ah, 1959).
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oestrogen assays over a prolonged period of
time if any real knowledge is to be obtained.

Anovulatory Cycles
This is perhaps the simplest form of dys¬

functional uterine bleeding and we have been
fortunate in being able to study some 11
anovulatory cycles. The anovulatory cycle is
characterized by the relative constancy of the
total daily oestrogen excretion which varies
between the range 13 pg.-30 pg. Figure 1 shows
a very typical example of an anovulatory cycle
with a steady oestrogen output of 20 pg. daily
and followed by an ovulatory cycle.

Cystic Glandular Hyperplasia
It is not easy to obtain suitable patients

suffering from cystic glandular hyperplasia for
adequate study as so often some form of
definitive treatment has to be given.

In the relatively few cases that we were able
to study for many weeks and also in those in

whom only short periods of investigation were
possible, it was found that, in general, cystic
glandular hyperplasia of the endometrium is
associated with daily total oestrogen excretion
rates of the order of 30 pg. In some cases those
excretion levels were maintained for several
weeks. Daily rates of over 100 pg. have been
recorded.

It was noted that in some cases of cystic
glandular hyperplasia the daily excretion rates,
instead of remaining relatively constant, might
show broadly fluctuating levels and the patient
might have what were to her relatively normal
periods.

Finally, it became clear that uterine bleeding
in this condition might be associated with
rising, falling or relatively constant levels of
oestrogen excretion.

The following figures which were published in
the Journal earlier this year depict the oestrogen
excretion levels in cystic glandular hyperplasia
(Brown et al., 1959) (Figs. 2, 3, 4 and 5).
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Fig. 2

Cystic glandular hyperplasia. Constant oestrogen excretion levels.
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Fig. 3

Cystic glandular hyperplasia. Fluctuating excretion levels.
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CASE NO. 40.

4 6 8 IO 12 14 16
march 1957.

Fig. 4

Cystic glandular hyperplasia. Urinary excretion levels
before and after hysterectomy.

CASE NO. 43.

| INTRA-UTERINE
RADIUM.
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Fig. 5

Cystic glandular hyperplasia. Urinary excretion levels
before and after intra-uterine radium.

Fig. 2, Case No. 30. Constant oestrogen levels.
Fig. 3, Case No. 31. Fluctuating levels.
Fig. 4, Case No. 40. Before and after hyster¬

ectomy.
Fig. 5, Case No. 43. Before and after radium

menopause insertion.

Other Forms of Dysfunctional Uterine Bleeding
We do not propose to discuss this rather com¬

plicated group in any detail. Patients of this
group had irregular, infrequent or heavy periods
and histological examination of the endometrium
showed a proliferative endometrium. In this type
of case the total oestrogen excretion was usually
in the range 10y.g-25 /xg. a day, i.e., prolifera¬
tive phase levels. Little or no pattern of oestrogen
excretion could be discerned.

Discussion

Time does not permit me to discuss these
results in any detail but Figure 6 shows the level
of oestrogen excretion in relation to some of the
gynaecological disorders studied.

In general, there was a good correlation
between the oestrogen excretion levels and the
state of the endometrium although there were
some exceptions. Puttarajurs and Taylor (1959),
in their excellent study on the relationship
between oestrogen excretion and the vaginal
smear, have similarly noted a good correlation
but again with some exceptions.

TOTAL DAILY OESTROGEN EXCRETION.

' MENOPAUSE.

Menopause Praecox.

POST-MENOPAUSAL CANCER OF CERVIX
AND ENDOMETRIUM.

"

SECONDARY AMENORRHOEA.

ANOVULAR CYCLES.

DYSFUNCTIONAL UTERINE BLEEDING.

'

CYSTIC GLANDULAR HYPERPLASIA.

OESTROGENIC TUMOURS.

SOME SIMPLE AND MALIGNANT OVARIAN TUMOURS

O—
i

pqms
daily

io-

20-

IOO

Fig. 6

Urinary oestrogen excretion levels in various gynaeco¬
logical disorders.
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It may be argued that the chemical estimation
of urinary oestrogens will seldom be necessary
for the clinician and that the study of the endo¬
metrium or of the vaginal smear will satisfy his
requirements. This may well be the case.

Simplification of the chemical technique, how¬
ever, will shortly allow a "routine" laboratory
to offer oestrogen determinations, and there will
be many patients in whom it will be useful to
know the oestrogen excretion in diagnosis and in
therapeutic control.

Obstetrical Considerations

Even before the first world war certain
German authors had noted the presence of
oestrogenic substances in the human placenta
and Fellner (1912) is generally credited as being
the first to note this phenomenon. In the
following decades it became obvious that the
placenta was indeed a rich source of oestrogenic
materials and by 1930 pure oestriol had been
identified in extracts of the human placenta. In
1927 Aschheim and Zondek first noted the
presence of large quantities of oestrogenic
substances in human pregnancy urine and in the
following year demonstrated that oestrogens in

the human pregnancy urine rose from about the
12th week of pregnancy to relatively high levels
at term to fall to low levels in the early puer-
perium. In 1927 Margaret G. Smith demon¬
strated that the blood of pregnant human
females contained a substance identical with
"follicular hormone", and this reached its
maximum concentration at term only to dis¬
appear rapidly in the puerperium. It is salutary
for us, then, to remember that over thirty years
ago it was known that the placenta was a rich
source of oestrogens and that these substances
appeared in the blood and urine in increasing
quantities until term when they promptly
disappeared. All this painstaking work had of
course been dependent on the biological
methods of estimating oestrogens.

In 1935 Guy Marrian and his co-workers in
Toronto had developed a purely chemical
method of estimating oestriol and oestrone in
the urine and in that year published their now
classical paper on the "Excretion of Oestrin
during Pregnancy" (Cohen et al., 1935). This
was, we are told by our chemical colleagues, the
first time that a steroid substance was accurately
measured in a body fluid by a purely chemical
method. At this time Marrian believed that

URINARY OESTRIOL EXCRETION.

week of pregnancy

Fig. 7

Mean urinary oestriol excretion during normal pregnancy. Based on 309
observations on 14 normal pregnancies.
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oestriol was excreted in a conjugated form until
shortly before term when most of it was
excreted in a "free" form. Years later he was to

show that this was due to the fact that the urines
supplied to him from late pregnancy patients by
his obstetrical colleagues were contaminated by
other body fluids especially cervical mucus—a
rich source of the enzyme glucuronidase, and,
in fact, if catheter specimens were used it was
found that oestriol was largely excreted in the
conjugated form right up until delivery. If we add
his conjugated and free figures for oestriol
together we obtain the graph (Fig. 9) which
shows the excretion of oestriol throughout
pregnancy and one which, we shall see shortly, is
remarkably similar to those which have been
obtained in recent years by the use of improved
chemical methods.

At this point we would like to recall to you
that in 1934 another classical paper had been
published in the American Journal of Physiology
by George and Olive Smith. This paper was
entitled "Excessive gonad-stimulating hormone
and subnormal amounts of estriol in the
toxemias of late pregnancy" and was one of the
first of a long series of distinguished com¬
munications on this subject that these authors

were to make. We are sure that many present will
scarcely realize that this fundamental contri¬
bution was made almost a quarter of a century
ago.

Excretion of Oestriol in Normal Pregnancy
Urine (Edinburgh Studies)

Brown (1956) published the details of his
method of measuring oestradiol, oestrone and
oestriol in the urine and in the following year
was able to demonstrate the application of his
method to the urinary oestrogen excretion in
normal pregnancy. He showed that the three
oestrogens increased from the luteal phase of
the cycle of conception until term when they
fell rapidly. Oestriol excretion increased a
thousandfold and oestrone and oestradiol
thirtyfold from the 10th week.

Since 1956 we have been able to add a further
ten normal pregnancies to his series and the
following graph (Fig. 8), which we can refer to
as the "Edinburgh oestriol excretion curve", is
based on three hundred and nine observations
on 14 normal pregnancies. As far as possible,
weekly 24-hour urinary collections were ob¬
tained from the 9th to the 41st week of preg¬
nancy. Figure 7 shows the mean oestriol curve

urinary oestriol excretion during normal pregnancy.

i—i—i—i—i—i—i—i—i—i—i—ttii—i—i—i—i—i—i—i—i—i—i—r~
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WEEK OF PREGNANCY.

Fig. 8

Urinary oestriol excretion during normal pregnancy. Shows maximum, meai
and minimum at each week of pregnancy in 14 normal pregnancies.
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throughout pregnancy and it will be seen that
there is a reasonably smooth rise in oestriol
excretion from the early weeks until 40 weeks
when approximately 31-5 mg. of oestriol are
being excreted daily. When we look at Figure 8
on which the maximum, mean and minimum
amounts of oestriol excreted each week are

plotted, we see that there is a wide scatter of
results which naturally becomes more obvious
as we enter the third trimester of pregnancy. It
will be clear that it will be only in the exceptional
case that a single reading can have much signifi¬
cance. A similar wide scatter of results is noted
in pregnanediol excretion in normal pregnancy.
The significance is not clear as it is neither due
to errors in urine collection nor to mistakes in
chemical methodology.

Lenters in 1958 reported the results of his
studies on oestriol excretion in normal and
abnormal pregnancy, and we are all delighted

that this afternoon Professor ten Berge is here
to tell us something of this work. The method
that Lenters used to measure oestriol was differ¬
ent from Brown's, depending on fluorimetry
rather than on colorimetry. Figure 9 shows the
Edinburgh and the Lenters oestriol curves, and
it will be noted that although the two curves end
at a very similar point at the 40th week of
pregnancy, there is a discrepancy of several
milligrams during several of the rather vital
weeks of the third trimester. The chemists will
have to tell us the reasons for this but it will be
clear that we cannot directly compare results
obtained by Brown's method with those of
Lenters.

For historical interest we have included the
Marrian curve of 1935 (Fig. 9). The oestriol
levels are much lower throughout pregnancy
but the curve makes a brave spurt towards term
and is not much lower than the more recent figures.

35

MEAN OESTRICT EXCRETION LEVELS. NORMAL PREGNANCY.

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I I 1 1 1 I
20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

week of pregnancy.

Fig. 9

Mean urinary oestriol excretion levels obtained by Lenters, Brown and Marrian.
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URINARY OESTRIOL EXCRETION IN TWIN PREGNANCY.
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doubtful, however, whether these higher figures
are statistically significant.

Oestrogen Excretion in Pregnancy Toxaemia
The clinician still awaits some means of

estimating placental function preferably by some
fairly simple chemical method such as the
measurement of a steroid metabolite. That there
may be a reduction in oestriol excretion in
certain cases of hypertensive toxaemia is un¬
doubtedly true. We have not ourselves made
any special study of this problem but in 12
patients with pre-eclampsia, who were under
study for other purposes, we obtained the
following results (Fig. 11). A fairly wide scatter
of oestriol excretion rates is noted. Three patients
who had excretion rates of less than 10 mg.
daily after the 38th week, were delivered of
babies under 5£ pounds.

URINARY OESTRIOL EXCRETION IN PRE-ECLAMPSIA.
t 1 1 1 1 1 1 1 r

32 33 34 3 5 36 37 3 8 39 40 41

week of pregnancy.

Fig. 10

Urinary oestriol excretion in twin pregnancy. Thirty-
eight readings obtained from 12 patients.

Twin Pregnancy
We were fortunate in being able to obtain a

fair sample of twin pregnancies and Figure 10
shows some thirty-eight readings obtained from
12 patients. It is, of course, very difficult to
obtain strictly normal twin pregnancies and
some of these patients showed some oedema
and one or two a modest hypertension. This
graph shows that on the whole the oestriol
excretion in twin pregnancy is greater than the
single series. If oestriol excretion is a function
of placental weight, then this increased oestriol
excretion could have been expected. The highest
recorded oestriol excretion of 79-6 mg. was
obtained at the 39th week of pregnancy in a
binovular twin pregnancy delivered at the 40th
week, the placentae weighing 3 pounds. It is
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Fig. 11

Urinary oestriol excretion. Values obtained in 12 patients
with varying degrees of pre-eclampsia.
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Fig. 12

Urinary oestriol excretion levels in a patient who developed pre-eclampsia and
accidental haemorrhage.

Figure 12 shows the oestriol excretion curve
of a patient who was originally included in the
normal series at the beginning of her pregnancy.
It will be seen that there is a falling oestriol
excretion some little time before she developed
pre-eclampsia at 33 weeks. She then had an
accidental haemorrhage and delivered herself
at the 37th week of a 5 pounds 9J ounces baby
which died after a few hours.

We look forward to hearing the results of the
work carried out in Professor ten Berge's
department on this important subject.

The Blood Oestrogens in Pregnancy
Miss Roy and Dr. Brown (1959) have

developed a colorimetric method for estimating
the blood oestrogens (Oestradiol, Oestrone and
Oestriol) in pregnancy. At present we are
following a group of some 15 women through
normal pregnancy and Figure 13 shows our
results to date. There is a wide variation in the
values of total oestrogens obtained at each
month but the mean makes steady progress.

The latter weeks of pregnancy have had to be
filled in with "random" patients and the results
should be accepted with caution. The fall in
blood oestrogen in the last four weeks may be
valid, and we believe that this phenomenon is
noted in blood progesterone levels in human
pregnancy.

We have had the opportunity of measuring
the blood oestrogens in some 16 patients
suffering from pre-eclampsia between the 30th-
41st weeks of pregnancy. The results show a
wide variation but it may be noted that although
most of the values obtained were lower than the
normal yet the highest blood oestrogen value
we have obtained in any pregnant woman was
30-5 /xg. per 100 ml. from a patient with severe
pre-eclampsia with a normal urinary output.

Conclusions

Most of our remarks this afternoon have been
of a factual nature and in the short time at our

disposal we have avoided theorizing. We are
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BLOOD OESTROGENS IN PREGNANCY.

12 16 23 24 28 32 36 40

BEE&gEEBBiUAMgX
Fio. 13

Blood oestrogens (Oestradiol, Oestrone and Oestriol) in
pregnancy. Serial follow-up to the 32nd week obtained
from 15 normal pregnant women. Values at 36th and

40th weeks obtained from random samples.
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really only at the beginning of our knowledge of
oestrogen metabolism in health and disease, yet
we believe that steady progress in the clinical
application of our knowledge is being made.
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The Application of Urinary Estrogen Measurements to
Problems in Gynecology

James B. Brown and G. Douglas Matthew
Clinical Endocrinology Research Unit (Medical Research Council) and Department

of Obstetrics and Gynaecology, University of Edinburgh, Scotland

I. Introduction

By using estrogen output as a measure of ovarian function we set out to
determine the variation from normal in various gynecological disorders. It
was hoped that this approach would throw light on some of the etiological
factors concerned in these disorders and that this in turn would lead to a

sound rational basis for treatment. Furthermore, in many cases, the knowl¬
edge gained would enable us to assess the effect of therapy on ovarian func¬
tion, and thus would provide a means of controlling treatment.

1. Methods oj Estrogen Assay
The first requirement was a reliable method for measuring the estrogens

produced by the ovaries. This could not be done directly, so together with
the late Dr. Bauld we investigated methods for measuring estrogen output
in urine. When the work commenced, in 1949, under the guidance of Profes¬
sor Marrian, only three human urinary estrogens were known: estriol, estrone,
and estradiol. Since then, some further nine metabolic estrogens have been
identified in human urine, but none of these is quantitatively as important
as estrone and estriol, and we have not yet extended our measurements to
include them.

The methods used have been the ones published by Brown (1) and its
modification published by Brown et al. (4). The original method was used
in the control group of normal menstrual cycles. However, some common

drugs interfere with this method, and consequently the modification, which
incorporates an additional purification step, has been used in the majority
of patients studied. Using this method, one worker is able to complete four
determinations in 2 days. It is therefore rather an elaborate procedure which
is perhaps unsuitable for universal use, and thus simplification is being at¬
tempted. Experience in the application of these methods has shown that the
estriol and estrone values provide most of the relevant data and little ad¬
ditional information is gained from the estradiol figures. By omitting the

337
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estradiol measurements and streamlining the procedure for estrone and
estriol only, a shortened procedure has been developed whereby four deter¬
minations of the two estrogens or eight determinations of one estrogen can
be completed by one worker in 5 hours. While this is not a breakthrough in
simplification, it is a step in the right direction. Some of the recent results
to be presented have been obtained by this shortened procedure.

2. Reliability of the Methods
Evidence for the reliability of the measurements has been accumulated

by several groups of workers [Brown et al. (5)]. Perhaps the most con¬
vincing evidence was obtained in collaboration with Dr. Gallagher and his
group in New York (8), who administered tracer doses of C14-labeled estradiol
to selected patients and showed that the estriol, estrone, and estradiol out-

TABLE I

Comparison between Kober and Vapor Phase Chromatography (V.P.C.)a

Urine Method Estriol Estrone Estradiol

RN2 KOBER 8,800 200 130

V.P.C. 10,000 210 135

RN3 KOBER 7,800 200 130

V.P.C. 8,900 210 100

RZ2 KOBER 9,500 600 180

V.P.C. 9,500 530 180

RZ3 KOBER 10,250 1,050 280

V.P.C. 8,200 850 220

W2 KOBER 6,000 400 90

V.P.C. 5,500 400 —

a Results in micrograms per 24-hour urine.

puts in the urine, as measured by the present methods, were practically
identical with those measured by reverse isotopic dilution. In more recent
collaborative experiments with Dr. Gallagher's group, we have been
able to compare results obtained by the Kober color reaction with those
obtained by vapor phase chromatography at 234° on a column of 3% S E
30 (General Electric Co.). Some of the preliminary results using extracts of
pregnancy urine are illustrated (Table I). It can be seen that the agreement
between the two procedures is excellent [Fishman et al. (7)].

3. Urinary Estrogens as a Measure of Endogenous Production
Although it is necessary to be sure that the methods employed measure

estriol, estrone, and estradiol with a satisfactory degree of accuracy and
specificity, it is also important to show that the results obtained from urine
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reflect the amounts of estrogens produced in the body and, particularly,
whether they provide a measure of ovarian function. Secretion rates can
be estimated by comparing the urinary excretion of endogenous estrogen
with the excretion of known amounts of administered estrogen. Such ex¬

periments have demonstrated that, although there may be a considerable
variation among individuals, on the average the estriol, estrone, and estradiol
measured in the urine together represent approximately one-sixth of the
endogenous production of the primary hormones. One of the early conclusions
of the present investigation has been that, in women, estrogen output in the
urine does, in fact, accurately reflect estrogen production by the ovaries as
judged by clinical criteria and other parameters.

4. Clinical Application
Healthy controls with normal menstrual cycles were usually volunteers

from the staffs of the laboratory and hospitals or wives of colleagues. The
postmenopausal controls, the patients with gynecological disorders, and those
undergoing treatment were mainly derived from the gynecological wards and
infertility clinic of the Edinburgh Royal Infirmary. In the short-term studies,
urines were usually collected in the hospital, but in the longer studies the
patient collected in her own home. Careful instructions were given on the
collection of complete 24-hour urine specimens; except in doubtful cases, the
completeness of the collection was not checked by creatinine determinations.
The results to be shown therefore include, as a variable, the errors in urine
collection which are apparently inevitable, and furthermore they have not
been corrected for the losses of estrogens which occur during the determina¬
tion.

II. Controls

1. The Normal Menstrual Cycle
We have now measured the 24- or 48-hourly excretion of estrogens

throughout 45 complete menstrual cycles in 36 women with the history of
normal menstruation. Five exhibited anovulatory menstruation during the
first cycle studied. The proportion of five anovulatory cycles encountered
at random in 35 women or 14% of the cases is higher than the usually ac¬
cepted figure. Six pregnancies occurred in the cycle immediately following
the control cycle. Therefore, our picture of the normal ovulatory menstrual
cycle is based on the findings in 40 complete cycles studied. Confirmation
of ovulation was provided by a biphasic basal temperature record or a luteal
phase increase in urinary pregnanediol output.

The characteristic pattern of the ovulatory menstrual cycle is illustrated
in Fig. 1, which shows the daily excretion of estriol, estrone, and estradiol
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throughout the 28-day cycle of a subject aged 36 years. The amounts of
the three estrogens excreted rise and fall together. Usually estriol is greater
than or equal to estrone, and estradiol is the least of the three. The output
is lowest during the first week and then rises to a well-defined peak, termed
the "ovulatory" peak, which occurs on or about the 13th day of the cycle,
and 1 or 4 days before the luteal phase increase in basal temperature or
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Fig. 1. Normal ovulatory menstrual cycle. Daily excretion of estriol, estrone, and
estradiol in a 36-year-old subject.

pregnanediol output. The estrogen excretion then falls and rises again to a
second maximum termed the luteal maximum. This is usually lower than
the "ovulatory peak" and in some women may be ill defined. During the
last few days of the cycle, the estrogen excretion falls and menstruation oc¬
curs. The mid-cycle peak has been observed in every ovulatory cycle studied
and has the following characteristics: the rise to the peak is usually gradual
and the fall after the peak is usually abrupt; the rise and fall of the
estriol levels tend to lag slightly behind the rise and fall of the estrone and
estradiol levels, as shown in Fig. 1. In this case estrone and estradiol reached
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the peak on the 13th day and estriol on the 14th. The time interval between
the peak and the onset of menstruation is 12-16 days with a mean of 14
days. Figure 2 illustrates the cumulative data from 16 of the women, and

ESTROGEN LEVELS DURING THE MENSTRUAL CYCLE.,

DATA FROM 16 WOMEN, AGED 18 —41 YEARS.

Fig. 2. Normal cycle. Cumulative data from 16 subjects. Maximum, mean, and
minimum values.

t
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shows the maximum, mean, and minimum values found. Inclusion of the
more recent cases studied has not altered these over-all figures. This charac¬
teristic pattern reflects the cyclical changes in the ovary. The rise to the
ovulatory peak corresponds to the increasing output of estrogens by the
rapidly growing Graafian follicle and the second maximum corresponds to
the growth and regression of the corpus luteum. However, the fall after

Mrs. H. Aoeds 27vcors. ParoiOO, Infertility > 3years.
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Fig. 3. Relation of ovulation to ovulatory peak.

the ovulatory peak has not yet been satisfactorily explained. It could be
due to a temporary arrest of function following rupture of the follicle. This
would mean that ovulation coincides with the estrogen peak. Alternatively
there may be a temporary exhaustion of estrogen precursors within the follicle
and the fall in estrogen output might initiate the mechanism of ovulation.

In an attempt to establish more precisely the relation of ovulation to
the ovulatory peak we have studied cases of infertility in whom coitus or
A.I.H. has been advised to coincide with the ovulatory peak. So far five cases
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have been available for study. In four no success had attended the use of
basal temperature records. In three of them conception occurred with ad¬
vised coitus (two) or A.I.H. (one) at the ovulatory peak. The fourth is not
yet pregnant. It is of interest to note that in the fifth case, a virgo intacta,
A.I.H. was performed at the rise of basal temperature, 2 days after the
estrogen peak, and conception occurred.

Figure 3 illustrates one of the cases studied. Mrs. S. H., aged 27 years,
para 0, gave the history of 3 years' infertility. In this case only estriol and
estrone were measured by the short method. A control cycle is depicted
in the lower part of the figure and shows a normal pattern. In the following
cycle the ovulatory peak was not predicted accurately and no pregnancy
resulted. However, the prediction was correct in the third cycle and con¬

ception occurred. This case illustrates the similarity of estrogen output from
one normal cycle to another usually found in an individual, a phenomenon
which greatly facilitates the prediction of future events in the cycle by
comparing the emerging pattern with that of the control cycle.

2. The Postmenopausal Woman
In the postmenopausal woman ovarian function is characteristically ab¬

sent; estrogen output is low, remains more or less constant, and is probably
derived from the adrenals. In the control group of 10 subjects the endome¬
trium was subjected to histological examination, and all showed a normally
postmenopausal atrophic endometrium. The estrogen values are shown in

TABLE II
Normal Postmenopausal Values (10 Cases)"

Estrogen Range Mean

Estriol 2.2-7.5 3.9

Estrone 0.3-2.4 1.3

Estradiol nil-1.4 0.3

Total 3.2-9.0 S.S

° Micrograms per 24-hour urine.

Table II and agree closely with those reported elsewhere [for example,
Brown (2) and McBride (9)]. Of the three estrogens, estriol is usually
excreted in the greatest amount and estradiol in the least amount. The values
for total estrogens seldom exceed 10 pg. per 24 hours, a finding which is
characteristically associated with lack of endometrial stimulation due to ab¬
sence of ovarian function. It should be noted, however, that values as low
as these may be encountered temporarily during the early proliferative phase
of the menstrual cycle.
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III. Gynecological Disorders

1. Amenorrhea

A variety of etiological factors may be involved in this condition. Thus
amenorrhea may result from interference in the normal function of the
hypothalamus, from abnormal production of gonadotropins by the pituitary,
from disordered ovarian function, from failure of endometrial response to
the ovarian hormones, and from abnormalities in the metabolism and elimi¬
nation of the estrogenic hormones. Clearly, urinary estrogen estimations can
establish only the sequence of events from the ovary onward.

a. Primary Amenorrhea. From the etiological point of view this con¬
dition can be divided broadly into three categories depending upon the
level at which failure occurs.

1. Failure of uterine response including congenital abnormality. Absence
of menstruation is obvious, but normal ovarian function may be present to
produce normal general feminizing effects.

2. Primary ovarian failure or ovarian agenesis. In these circumstances
ovarian function is absent and therefore there can be no stimulation of the

target organs. In addition to amenorrhea, feminizing effects will be absent
and there may be associated chromosomal abnormalities.

3. Failure of hypothalamus or pituitary. The stimulus to ovarian activity
is deficient or lacking, but the situation is not necessarily permanent. It
may be self-rectifying to effect a late onset of menstruation or delayed
puberty.

The results which may be found in these three groups are illustrated by
the following cases:

Group 1: Uterine abnormality. Miss E. J., aged 21 years. This was a
case of primary amenorrhea due to congenital absence of the uterus and
vagina. Normal development of secondary sex characteristics took place at
puberty. The patient was admitted to hospital for construction of vagina.
Urinary assays were performed over a period of approximately three months
(Fig. 4). During this time, a characteristic ovulatory peak and luteal maxi¬
mum were observed, although these were preceded by a prolonged follicular
phase. That ovulation had occurred was confirmed by the rise in urinary
pregnanediol and by the finding at laparotomy of normal ovaries containing
corpora lutea. If a functioning endometrium had been present, bleeding would
have occurred on March 5. This case proves beyond any doubt that normal
ovarian function is possible even in the absence of the target organ, the
uterus. Four such cases have been studied and all have shown evidence
of functioning ovaries.
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Group 2: Primary ovarian failure. Miss J. D., aged 16 years. This patient
with primary amenorrhea showed no breast development or growth of pubic
and axillary hair. Laparotomy on February 10, 1960, revealed a vestigial
uterus but no ovarian tissue. Chromosomes numbered 45 and the constitu-

Miss EJ. Aged 21 years.
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Fig. 4. Primary amenorrhea. Congenital absence of uterus and vagina.

tion was X0. In this case, the estrogen output, which was measured over a
period of 3 weeks, could hardly be detected (Fig. 5). The values for total
estrogens did not exceed 2.4 pg. per 24 hours, and were therefore lower
than those found in postmenopausal women. Values of this order are com¬
monly found in cases of ovarian agenesis, and are more in line with those
found in young children than in any other age group. This state is irreversible.
The progestational compound, 6a,21-dimethylethisterone, administered dur¬
ing part of the study, had no effect on the estrogen values and did not
initiate bleeding.

Group 3: Supraovarian failure. Miss M. H., aged 20 years. This patient
with primary amenorrhea showed normal development of secondary sex
characteristics. Endometrial biopsy performed on August 21, 1958, revealed
proliferative activity. This patient was studied over a period of 4 weeks
(Fig. 6). During this time the estrogen output was maintained at total values
varying between 11.4 and 16.7 pg. per 24 hours. These are higher than post¬
menopausal values. It was not surprising, therefore, that spontaneous bleed-
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ing occurred 2 months later, but in the follow-up period regular menstrua¬
tion had not been established. This was a case of delayed onset of
menstruation.
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Fig. 6. Primary amenorrhea. Delayed onset of menstruation.

b. Secondary Amenorrhea. We have considered cases of secondary
amenorrhea according to the nature of the ovarian disorder and broadly
divided them into those with ovarian failure, permanent or temporary, and
those with ovarian dysfunction due to polycystic disease.
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Group 1: Ovarian failure. Mrs. E. G., aged 29 years. Para 0. From the
age of 13f/2 years menstruation was regular and normal until the age of 17
years. Thereafter there was total amenorrhea which, at the time of investiga¬
tion, had lasted for 12 years. At endometrial biopsy on May 10, 1958 no
tissue was obtained. Estrogen assays (Fig. 7) were carried out over a period
of more than 3 weeks; the total values varied between 3.6 and 8.3 pg. per
24 hours. These fall within the postmenopausal range. In the follow-up
period of 3 years no spontaneous menstruation occurred; thus these estrogen
levels were associated with an irreversible state of ovarian failure.

Mrs. E.G. Aged: 29years.
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Fig. 7. Secondary amenorrhea. Premature menopause.

Mrs. R. B. N., aged 34 years. Para 0. From the age of 11 years menstrua¬
tion was infrequent until the age of 23 years. Thereafter there was complete
amenorrhea which had lasted for 11 years at the time of investigation.
Estrogen estimations (Fig. 8) were made over a period of 3 weeks; the
values for total estrogens ranged between 1.9 and 4.7 pg. per 24 hours. These
values fall within the lower part of the postmenopausal range. In the follow-
up no spontaneous bleeding had taken place in the three years since investiga¬
tion; thus, again, these estrogen levels were associated with an irreversible
state of ovarian failure.

Group 2: Polycystic disease of the ovaries. Retention cysts of the follicle
are extremely common and are associated with anovulatory menstruation
occurring as an occasional episode in otherwise normally menstruating women
or in patients with menstrual irregularity and in cases of cystic glandular
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showed a persistent proliferative phase endometrium and the bleedings
which occurred were therefore anovulatory in nature. While the bleedings
were regular at first, they became less frequent, and finally occurred only
after replacement hormone therapy. After a period of 10 months' amenor¬
rhea, bilateral ovarian wedge resection was performed in January, 1960.
Histological examination of the ovarian tissue showed a fibrous tunica, nu¬
merous follicular cysts, and hyperthecosis. Regular menstruation followed
operation and the patient became pregnant in May of that year.

Mrs. C. G., aged 29 years. Para 0. From the age of 13 years the cycle
was totally irregular, menstruation occurring at intervals of 1-10 months.

Mrs. M.R, Aged 24 years.
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Fig. 9. Secondary amenorrhea. Bilateral polycystic disease.

During investigation of infertility there was evidence of occasional ovulation.
Estrogen analyses (Fig. 10) were performed during March, April, and May,
1955, and again in March and April, 1958. When this study commenced, the
last menstrual period had occurred on January 31, 1955. According to
endometrial biopsy this had been anovulatory. Apart from intermittent slight
bleeding there was no further menstruation until May. For the first part
of this interval, the estrogen levels remained practically constant, the total
figures varying from 12 to 25 (ig. per 24 hours. However, from April 29
they began to rise and the characteristic pattern of the ovulatory menstrual
cycle emerged. That ovulation had occurred was confirmed by a rise in
urinary pregnanediol and basal temperature. During the second phase of
investigation, the estrogen output was again practically constant, remaining
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within the range noted previously. Apart from intermittent slight bleeding,
amenorrhea persisted for a further 7 months. Bilateral ovarian wedge re¬
section was performed in November, 1960. Histological examination of the
ovarian tissue showed a fibrous tunica and numerous cystic follicles. Regular
ovulatory cycles followed operation, but pregnancy has not yet occurred.
In cases of this type urinary estrogen determinations are clearly of value in
aiding diagnosis and in establishing an indication for ovarian wedge resection.

Type b: Polycystic ovaries with hirsutism. Mrs. B. T., aged 21 years.
Para 1. From the age of 13 years only six menstrual periods occurred during

Mrs. C.G. Aged 29years.

Fig. 10. Secondary amenorrhea. Bilateral polycystic disease.

the subsequent 3 years. This was followed by amenorrhea for 1 year, then
regular menstruation for a further year. The patient was grossly obese from
the age of 7 years and developed widespread hirsutism at puberty. Concep¬
tion occurred at the age of 19 years and delivery was by cesarean section in
January, 1956. At operation both ovaries were found to be grossly enlarged
and contained countless small cysts. The right ovary was removed. Histologi¬
cal examination showed general hyperplasia, cystic follicles, and diffuse
hyperthecosis. Following delivery there was a single menstruation in 1957,
none in 1958, and one in 1959. At this time considerable weight loss was
effected and menstruation was regular from 1960.

This patient was studied (Fig. 11) for a short period in January, 1956,
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at the age of 19 years, following cesarean section, but the main investigation
was in 1958 and 1959. While the values found in 1956 could reflect the
normal fall following pregnancy, the 1958 and 1959 values show a persistent
high output, the total estrogens varying from 20 to 47 pg. per 24 hours.
Normally such values would be associated with gross stimulation of the
endometrium and episodes of bleeding. However, this patient had amenor¬
rhea and no endometrium was obtained at curettage, indicating that the
estrogen produced was not stimulating the target organ. There are at least
two possible explanations for this finding. It could have been due to the

Mrs BT. Aped 21yeors. Poro:l.
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Fig. 11. Secondary amenorrhea. Polycystic ovaries with hirsutism.

antagonistic effect at the endometrial level of excessive amounts of virilizing
hormones, or, there may be a block in the ovary in the conversion of andros-
tenedione to estrogen as suggested by Short and London (10), and the es¬
trogen measured may thus be a general metabolic product of the androstene-
dione.

Miss P. Y., aged 16 years. Menstruation was normal and regular for 18
months from the age of 14 years. Amenorrhea had lasted for 6 months prior
to investigation. There was marked hirsutism. Both ovaries showed poly¬
cystic change and bilateral wedge resection was performed on February 3,
1960. Histological examination showed a thickened tunica, cystic follicles,
and hyperthecosis. Estrogen studies (Fig. 12) were carried out in January
and February 1960. Before ovarian resection, the estrogen output was main-
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tained at between 8 and 14 [xg. per 24 hours. These would be regarded as
low proliferative levels, but no endometrium was obtained at biopsy on
January 19, 1960. Estrogen levels fell on wedge resection, rose slightly, fell
again, and then began to rise. This patient subsequently had two spontaneous
bleedings in June and August, but regular menstruation was not established.

Miss RY Aoed:lfeveqrs.
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Fro. 12. Secondary amenorrhea. Polycystic ovaries with hirsutism.

Summary of cases of secondary amenorrhea. Table III shows the number
of cases of secondary amenorrhea so far studied and relates the estrogen
levels to the subsequent menstrual history. In those patients with continued
amenorrhea the follow-up period was at least 3 years. None of the 7 patients
with total estrogen values below 5 (xg. per 24 hours subsequently menstruated,

TABLE III

Secondary Amenorrhea {at least 3 Months' Duration)

Mean

estrogen levels

0-5
5-10

10+

Number

of cases

7

18

15

Follow-up

Amenorrhea

7

7

0

Bleeding

0

11

15

and this also applied to 7 of the 18 patients with values between 5 and 10 |xg.

per 24 hours. All the patients excreting more than 10 |xg. per 24 hours sub¬
sequently had episodes of bleeding. In the lowest and highest range groups
the estrogen determinations provided a useful guide to prognosis, but in
the intermediate range group the prognosis was uncertain.
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2. Dysjunctional Uterine Bleeding
This term does not describe a single clinical entity, but is used to denote

some deviation from normal cyclical menstruation. It is a diagnosis which
is reached only after exclusion of recognizable pelvic disease and may present
under the symptomatic guise of infertility, irregular bleeding, or excessive
Miss J. K. Aged !9yeors.
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_

(LATE PROLIE)
BIOPSY

v
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JANUARY
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Fig. 13. Anovulatory menstrual cycle. Constant estrogen excretion.

menstrual loss. Such bleeding may occur from any degree of proliferative or

secretory endometrium but the classic examples are (a) anovulatory men¬
struation from a proliferative endometrium and (b) cystic glandular hyper¬
plasia, where proliferation of the endometrium has progressed to an extreme
degree.

a. Anovulatory Menstrual Cycle. Many examples of this menstrual ab¬
normality have been discovered during investigation of control cases, cases
of infertility, and patients complaining of menstrual irregularity. From a

study of the estrogen pattern in these cases, two types of anovulatory cycle
have been identified. These are illustrated by the following representative
cases.

Group 1: Constant levels. Miss J. K., aged 19 years. Para 0. Since the onset
of menstruation at the age of 14 years the menstrual cycle had been quite
irregular, bleeding occurring at intervals of 1-3 months. The last menstrual
period prior to investigation was on January 20, 1955. Investigation was car¬
ried out in January, February, and March of 1955; Fig. 13 shows the results.
The two phases of bleeding shown were from a proliferative endometrium
and therefore anovulatory in nature. Apart from the usual day to day varia-
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tions, the urinary estrogen levels remained more or less constant, especially
during the latter half of the investigation, the amounts of total estrogens
being maintained at approximately 18 pg. per 24 hours. There was no rise
resembling the mid-cycle peak of an ovulatory menstrual cycle, nor a fall
in estrogen excretion prior to menstruation.

Mrs. E. C., aged 26 years. Para 0. From the age of 13 years menstruation
had been normal and regular. The complaint of infertility was being in¬
vestigated. Biopsies taken on May 28 and July 13 showed a secretory
endometrium; that taken on 25th June showed proliferative changes only.

Mrs E.C. Aged 2foyears.
BIOPSY BIOPSY BIOPSY

(SECRETORY) (LATE PROLIFERATIVE) (SECRETORY)

Fig. 14. Anovulatory menstrual cycle. Constant estrogen excretion.

This was therefore an example of an anovulatory cycle sandwiched between
two ovulatory cycles. During the three weeks preceding the onset of anovu¬
latory bleeding the total estrogen excretion (Fig. 14) remained practically
constant at approximately 20 pg. per 24 hours. The following cycle showed
the characteristic pattern of the ovulatory cycle except that the follicular
phase was shortened. In fact, the anovulatory bleeding appeared to be inter¬
rupted by the rise in estrogens to the ovulatory peak.

These two cases showed a pattern of constant estrogen excretion. We have
found this to be the more common of the two patterns. Fourteen cases of
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this type have been encountered. The output of total estrogens during these
cycles ranged from 9 to 33 pg. per 24 hours and these amounts of urinary
estrogens clearly reflect a degree of estrogen production by the ovaries
which is sufficient to cause proliferative changes in the endometrium. Four
of these cases were followed by an ovulatory cycle and in each case estrogen
levels were rising to the ovulatory peak as bleeding ceased. This phenomenon
would appear to have the same effect as estrogen administered to control
dysfunctional uterine bleeding by the so-called "medical curettage."

Mrs. M.L. Aged 42 yeorc. Breast Carcinoma.

L.M.R, 4 th„ April, 1961.

n-mwi nTlTHTl
8 IO 12 14 16 18 2322 24 26 28 30 2 4 6

April 1961 May
Fig. IS. Anovulatory menstrual cycle. Fluctuating estrogen levels.

Group 2: Fluctuating levels. Mrs. M. L., aged 42 years, was a patient
with breast cancer and gave a history of regular menstrual cycles. The
feature of this cycle was that one broad maximum of estrogen excretion oc¬
curred between episodes of bleeding (Fig. 15). The output of total estrogens
reached 40 pg. per 24 hours, and bleeding occurred as the levels were falling.
Confirmation of the anovulatory cycle was based on the absence of a luteal
phase rise in pregnanediol.

Miss P. B., aged 21 years, provided the history of normal and regular
menstruation. In the first cycle (Fig. 16), a single peak was found which
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resembled an ovulatory peak, but this was not followed by a luteal phase
and bleeding occurred 5 days after the peak as the estrogen levels were still
falling. There was no rise in urinary pregnanediol or basal temperature.
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Fig. 16. Anovulatory menstrual cycle. Fluctuating estrogen levels.

During the succeeding cycle, the single peak was broader and again there
was no increase in urinary pregnanediol or basal temperature.

Miss I. M., aged 13 years. Menstruation was regular and normal for 2
years following onset at 11 years. This was followed by 2>^ months amenor¬
rhea then 8 weeks continuous bleeding prior to admission to hospital. The
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bleeding finally ceased on December 10. At this time the hemoglobin was

46% and endometrial curettage on January 4, 1958 showed proliferative
changes only. Hormone assays (Fig. 17) were performed over a period of
time which included two further episodes of bleeding, and according to the

Miss I.M. Aged 13years.

6 DM 18 22 26 30 3
December 1957

II 15 19 23 27 31 4 8 12 16 20
January 1958 February

Fig. 17. Anovulatory menstrual cycle. Fluctuating estrogen levels.

pregnanediol output and endometrial biopsy, both of these were anovulatory
in nature. A single estrogen peak reaching 90-125 pg. total estrogen per 24
hours was observed between each phase of bleeding which commenced 16
and 21 days after the peaks. The picture was therefore similar to the previous
cases with fluctuating levels except that the peak was higher and the time
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elapsing between the peak and menstruation was more prolonged. It should
be noted, again, that cessation of the bleeding phase on January 19 coincided
with rising estrogen levels.

b. Cystic Glandular Hyperplasia. Patients suffering from cystic glandu¬
lar hyperplasia can also be divided into two groups according to the pattern
of their estrogen output.

Group 1: Constant levels. Mrs. J. T., aged 27 years. Para 0. From age 13 to
16 years menstruation was normal and regular. There followed 4 years' amen¬
orrhea. From age 20 to 24 years menstruation was again regular but for the

Mrs J T Aged 27years.

biopsy
(late proliferative)

curettage.
(cystic glandular hyperplasia)

i 3 5 7 9 1113 15 17 19 21 23 25 27 29 31 2 4 6 8 io 12 14 16 18 2022 24 11 13 15 17
MAY 1956 JUNE SEPTEMBER

Fig. 18. Cystic glandular hyperplasia. Constant estrogen excretion.

last 3 years the cycle was quite irregular, bleeding occurring at intervals of
30-90 days. Curettage on June 23, 1956 provided evidence of cystic glandular
hyperplasia. The total urinary estrogen excretion (Fig. 18) was maintained
more or less constantly in the region of 30-40 pg. per 24 hours between
episodes of bleeding. This is therefore analogous to the pattern found during
anovulatory menstrual cycles with constant estrogen output except that the
values are higher.

Group 2: Fluctuating levels. Mrs. B. R., aged 43 years. Para 5. This pa¬
tient gave the history of five pregnancies since the onset of menstruation at
16years. For the past 15 months menstruation had been irregular. Curet¬
tage on September 17, 1956 showed cystic glandular hyperplasia. During
the November cycle there was a single rise and fall in estrogen output,
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(Fig. 19) reaching a total of 80 fig. per 24 hours and being maintained above
35 pg. per 24 hours for 20 days. Bleeding commenced as the estrogen output
was falling and cystic glandular hyperplasia was confirmed by biopsy at this
time. Ovulatory cycles occurred during December and January although
menstruation was prolonged. In February another single maximum occurred
where the total estrogen output exceeded 45 pg. per 24 hours for 24 days
and reached 100 pg. Bleeding commenced after the levels had been above
45 pg. per 24 hours for 12 days and while they were still rising and ceased
while they were falling. The estrogen pattern was consistent with anovula¬
tory menstruation commencing on February 14. The elevated levels noted
on March 9 to 11 were probably part of an ovulatory peak since an early
secretory endometrium was found 4 days later at hysterectomy.

This group is therefore analogous to the anovulatory cycles showing a
fluctuating estrogen output except that the high levels are of longer dura¬
tion.

Cystic glandular hyperplasia occurs in association with total urinary estro¬
gen levels which have been maintained for some time in the region of 30 pg.
per 24 hours or more; bleeding from this type of endometrium may occur
while the output is constant, while it is rising, or while it is falling. After a

period of elevation, the estrogen output may fall to very low levels, often
with the onset of bleeding, while the endometrium still shows cystic glandu¬
lar hyperplasia. Urinary analyses performed at this time only, would lead to
erroneous interpretation so that prolonged investigation may be necessary
to demonstrate the true pattern of estrogen excretion in this type of case.

3. Functioning Ovarian Tumors

Estrogenic tumors of the ovary can cause amenorrhea in women during
the child-bearing period or bleeding in the postmenopausal patient. Ovarian
tumors can be broadly classified into two groups; those with known func¬
tioning abilities such as the granulosal or thecal cell tumor, and all others
not hitherto regarded as having functional properties. Recently, however,
it has been shown that tumors of this latter group may contain active func¬
tioning stromal elements. Estrogen analyses have confirmed this view as 2
of the following 3 cases will demonstrate.

Mrs. B. M., aged 77 years. Para 0. Bleeding of 3 weeks' duration oc¬
curred 30 years after the menopause. The endometrium showed cystic glan¬
dular hyperplasia and a combined granulosal and thecal celled tumor of
the ovary was removed at operation. The total estrogen output (Fig. 20)
before operation averaged 25 pg. per 24 hours and fell in 2 weeks after
operation to 8 pg. per 24 hours.
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Mrs. E. T., aged 56 years. Para 3. The menopause took place at 51 years;

bleeding recurred and continued for 6 weeks prior to admission. An ovarian
pseudomucinous cystadenoma was removed at operation and the endome¬
trium showed cystic glandular hyperplasia. Prior to operation total estrogens
(Fig. 21) ranged from 31 pg. to 50 pg. per 24 hours; following operation
there was a fall to 5.8 pg. per 24 hours within 3 days.

Mrs. I. B., aged 54 years. Para 0. Fifteen months after the menopause,
this patient presented with an ovarian tumor and bleeding for 5 weeks. At

Mrs B.M. Aqed77yeors.
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Fig. 20. Estrogenic ovarian tumor.

laparotomy on July 18, 1961, a large multilocular pseudomucinous cyst was
removed, and the endometrium was the site of proliferative change and an
endometrial polypus. Before operation the total estrogen levels (Fig. 22)
ranged from 24 to 29 pg. per 24 hours; afterward they fell rapidly within
3 days to 5.8 pg. per 24 hours. Histological examination of the tumor
demonstrated the presence of functional stroma.

We have previously recorded similar values of estrogen excretion in cases
of functioning tumor occurring during the child-bearing period and asso¬
ciated with amenorrhea [Brown et al. (6)]. It is probable that the amen¬
orrhea is due to persistent proliferative levels of estrogen as in cases of
polycystic ovarian disease.
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Fig. 21. Ovarian pseudomucinous cystadenoma.
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4. Pattern of Urinary Estrogen Excretion
From an analysis of the cases in whom estrogen determinations have been

made to date, it is possible to draw some general conclusions. The pattern
of urinary estrogen excretion can be divided into two categories. The first
category (Fig. 23) consists of those patients who exhibit more or less con¬
stant levels of urinary estrogens; it includes postmenopausal patients, pa¬
tients with amenorrhea whether due to nonfunctioning ovaries or polycystic
disease, patients with functioning ovarian tumors, and some patients with
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Fig. 23. Category 1: Constant estrogen levels.

anovulatory cycles and cystic glandular hyperplasia. With the exception of
cases of polycystic ovaries associated with hirsutism the endometrial picture
correlates closely with the levels of urinary estrogens.

The second category (Fig. 24) is characterized by marked periodic fluc¬
tuations in estrogen output. This category includes those with ovulatory
cycles, where two peaks of excretion occur, and some cases of anovulatory
menstrual cycles and cystic glandular hyperplasia where one peak occurs.
The variations in urinary estrogen levels are presumably due to matura¬
tion and regression of follicles, normal or abnormal. Ovulation itself is in¬
variably associated with a demonstrable rise and fall in estrogen output (the
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DAYS.

Fig. 24. Category 2 : Fluctuating estrogen levels.

ovulatory peak). Figure 24 incorporates the features of Fig. 23 to demon¬
strate how constantly estrogen levels are related to the endometrial picture.

IV. The Effect of Ovarian Suppressants on Urinary Estrogens

During recent times numerous new progestational agents have been made
available and extensive claims have been made for their value, mainly in
the therapy of gynecological disorders and in creating a state of artificial
infertility. In assessing the value of these preparations much has been at¬
tempted by clinical trial, but it has always been obvious that research into
mode of action would be essential before widespread prescription could be
safely undertaken. Thus it was inevitable that we should be concerned with
the effect of some of these preparations on estrogen production and excre¬
tion in the normal and abnormal. Since the main effect is ovarian suppres¬
sion, it was of interest to compare the effects of progestational compounds
with ovarian irradiation.

1. Irradiation of the Ovaries
Mrs. M. R., aged 41 years, a patient with breast cancer and the history

of regular menstrual cycles, was studied during a control cycle and following
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ovarian irradiation with 72lr on the 5th day of the next cycle (Fig. 25).
Values for estrogens, pregnanediol, gonadotropins, and basal temperatures
in the control cycle were normal. Following irradiation, there was perhaps
a slight transient rise in estrogen but thereafter the estrogen and pregnane-

mrs. m.r, age 41, para, 2. breast carcinoma
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Fig. 25. Ovarian irradiation.

diol remained uniformly low, the gonadotropins increased rapidly to post¬
menopausal values, and the patient did not subsequently menstruate, a
result indicating complete and permanent abolition of ovarian activity.

Miss L. G., aged 46 years, a patient with breast cancer with the history
of regular menstrual cycles received ovarian irradiation with 768r on the
21st day of the cycle. Urinary estrogens and pregnanediol were measured
from the 16th day of the cycle and showed the normal luteal phase pattern
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(Fig. 26). Irradiation caused no immediate demonstrable change in steroid
output and the corpus luteum regressed in its normal time to the onset of
menstruation. Thereafter, estrogen and pregnanediol output remained uni¬
formly low and no further bleeding occurred. At oophorectomy two years
later, sclerosed postmenopausal ovaries were found.

The conclusions can be made that the effect of irradiation is to prevent
permanently the growth of new follicles, but once a follicle has commenced

Miss L.G. Aged 4fayeors. Breast" Carcinoma
LM.P 14th., May.

Fig. 26. Ovarian irradiation.

its cycle it is unaffected by these doses of radiation. Such conclusions had
already been drawn from clinical evidence.

2. Administration of Progestational Compounds
To date we have had the opportunity of investigating several of these

preparations; the effects upon estrogen output in a variety of circumstances
are illustrated.

a. 17a.-Ethynyl-19-nortestosterone (Norethisterone). i. Conversion to
estrogen. Miss M. N., aged 20 years. Para 0. The presenting symptom
was that of primary amenorrhea. The patient was a known and treated
diabetic from the age of 10 years. There was normal development at puberty,
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but the uterus was grossly underdeveloped. Endometrial biopsy on May 26,
1959, produced no endometrial tissue and administration of norethisterone
6 mg. daily for 6 days produced no bleeding. Total estrogen values before
treatment were 3.7-4.8 pg. per 24 hours (Fig. 27). On administration of
norethisterone an increase in the estrone and estradiol values occurred. Since
there was no corresponding increase in the estriol values, it was concluded
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Fig. 27. Primary amenorrhea. Norethisterone administration.

that these findings were due to an artifact. Evidence has since been obtained
that this artifact could be ethynylestradiol produced metabolically from
norethisterone and its esters, a conversion which could account for the
known estrogenic properties of these compounds [Brown and Blair (3)].
The ethynylestradiol interferes in the measurement of both estrone and
estradiol when the saponification step is included, but only of estradiol when
it is omitted. Consequently the original (1955) assay method was generally
employed in patients receiving norethisterone or its acetate.

ii. Effect on normal cycle. Miss D. M., aged 27 years, with a history of
normal menstruation, was studied during a control cycle, a cycle with the
administration of 6 mg. norethisterone acetate daily from the 5th to the 25th

i

I

i
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day, the next cycle when the dose was doubled, and finally a control cycle
(Fig. 28). The initial control cycle was normal. The first cycle on treatment
showed a single estrogen peak but no pregnanediol rise, thus indicating
incomplete suppression of follicular activity but absence of ovulation. When
the dose was doubled, both pregnanediol and estrogen excretion remained at

mm p.m. aqe:27yeorv porao. dysmenorrhea.
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28. Norethisterone acetate. Effect on normal cycle.

uniformly low levels, a result indicating complete suppression of ovarian
activity. The next cycle was without treatment and showed the characteristic
ovulatory pattern, although, in the case of the estrogens, this was not as
definite as in the control cycle.

Miss G. G., aged 30 years, with a normal menstrual history was studied
during a control cycle, a cycle with administration of 12 mg. norethisterone
acetate daily from the Sth to the 25th day, and a subsequent cycle with a
dose of 6 mg. daily during the luteal phase only. Administration from the
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5th to the 25th day completely suppressed ovarian function (Fig. 29), but
when restricted to 10 days starting immediately after ovulation, there was
no evidence of interference in the normal function of the corpus luteum.

The interpretation of these findings in terms of progestational effect is

MjSS^GJ^AgejJJOgj^^

Fig. 29. Norethisterone acetate. Effect on normal cycle.

confused by the possible action of estrogen metabolically produced from the
norethisterone. It therefore seemed important to investigate the effects of
progestational compounds which are not similarly metabolized to estrogens.

b. 6-Methyl-6-dehydro-17a-acetoxyprogesterone (B.D.H. 1298). It is
highly unlikely that this substance could be metabolized to any known
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estrogen, and, furthermore, administration in cases of amenorrhea showed
no interference in estrogen measurements.

i. Effect on normal cycle. Mrs. E. H., aged 23 years. Para 0. The
history was that of a regular 28-day cycle since the age of 123^2 years, and
endometrial biopsy on the 25th day of the cycle on February 15, 1961,
showed a normal secretory endometrium. Estriol and estrone were measured
during a control cycle and a cycle with administration of 15 mg. daily from
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Fig. 30. B.D.H. 1298. Effect on normal cycle.

the 5th to the 25th day. The control cycle was normal (Fig. 30). During
the treated cycle, the values remained at uniformly low levels, indicating
complete suppression of ovarian function. Endometrial biopsy on March 17
showed proliferative glands and edematous stroma.

c. 6-Chloro-6-dehydro-17a-acetoxyprogesterone (Chlornadinone). Again
there is little likelihood of this compound being metabolized to any known
estrogen; furthermore, administration at varying dose levels to cases of
amenorrhea showed no interference in estrogen measurements.
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i. Effect on normal cycle. Mrs. M. D., aged 33 years. Para 0. Since
the age of 11^4 years the menstrual cycle was regular every 27 days and
endometrial biopsy on the 24th day of the cycle on February 15, 1961
showed a normal secretory phase. Administration was at a dose of 6 mg.

Mrs. M.D. Aged:33years.

26 28 30 I 3 5 7 9 II 13 15 17 9 21 25 25 27 I 3 5 7 9 II 13 15 17 19
January February 1961 March

Fig. 31. Chlornadinone. Effect on normal cycle.

daily from the 5 th to the 25 th day of the cycle. The control cycle was normal
(Fig. 31). During the treated cycle, there was no luteal phase rise in preg¬
nandiol; a single small rise in estrogen output indicated, however, that
there was still a small amount of follicular activity but that ovulation had
been prevented. Endometrial biopsy on March 15 showed a bizarre picture
of inactive glands, some secretory activity, and an edematous stroma.
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3. Summary
The foregoing results provide further evidence of the ability of these

progestational agents to cause ovarian suppression during the menstrual
cycle whether they are purely progestational or associated with partial
estrogen conversion. The immediate effects depend upon dosage and time
of administration during the cycle, and are similar to irradiation except
that, in the latter case, if dosage is adequate, the result is permanent.
Irradiation clearly acts directly upon the ovary but it has not yet been
determined whether progestational agents achieve their effects in the same

way or whether action is mediated through the pituitary.

V. Concluding Remarks

This account of our experience of estrogen assays establishes beyond
doubt their value in the assessment of ovarian function. However, such
analyses by current methods involve a prohibitive amount of work for
laboratories which are not specializing in such measurements.
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Fig. 32. Short estrone method. The recording of data for each cycle requires 2y£ days.
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Figure 32 is presented to show that the general application of estrogen
assays may not be in the too distant future. Here, three complete menstrual
cycles were studied by the short estrone method. By restricting 24-hourly
measurements to the period about the ovulatory peak and using 48-hour
pools for the remainder of the cycle, one worker can readily cover a com¬
plete menstrual cycle in approximately 2days' work. The picture of the
ovulatory peak and luteal rise contains the essential features required from
such a study.

In conclusion we suggest that it would be wrong to underestimate the
complexity of menstrual disorders. There can be no short cut to the ulti¬
mate solution of the many outstanding problems. Much painstaking research
in the field of hormone assay lies ahead. The first objective must be a
complete understanding of underlying etiological factors, and when this is
reached the knowledge gained will provide a sure basis for worth-while
treatment.
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Discussion

G. Pincus: I think we ought to begin with a discussion of method. The slide that
interested me most was the confirmation by gas chromatography of your findings (text,
Table I). However, I notice that these contained high values, and I presume they
were taken from the pregnancy urine rather than from a normal menstrual cycle urine.
What I would like to know is whether similar confirmation could be obtained from
normal menstrual cycle urines. I think many of us who have been concerned with
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estrogen assay in the urine have always had a slight feeling of unease as to the sig¬
nificance of low values in the fractions which you have studied, and independent con¬
firmation of the validity of these values by either gas chromatography or any other
method I think is something which we have all felt was essential.

J. B. Brown: The figures we showed were from the first preliminary experiments
performed in collaboration with Dr. Gallagher's group. Naturally we started off on
the high levels of pregnancy and we intend going down to much lower levels to see
how far the correlation exists. We are certainly aiming at menstrual cycle levels or lower.

J. R. K. Preedy: I'd like to congratulate Dr. Brown very much indeed on his
elegant presentation. This presentation clearly reflects most careful work over a num¬
ber of years. I was particularly interested in his final slide (Fig. 32) about the short
method for estrone. It's quite clear that in a great many of the studies he showed
the emergence of a pattern (which I think he emphasized is important), rather than
just the results of random estimations of estrogens in the urine. This clearly involves
a very great deal of work; perhaps 30 or more investigations in any one case, to be
quite certain of a recognizable pattern. We have used, ourselves, the estimation of
estriol alone for this purpose, and it appears from his work presented today and his
published work that this is probably quite adequate. Use either estrone or estriol to
establish the pattern since the ratio of the three estrogens one to another seem almost
always to remain the same. However, I think one should be a little careful if one
extends the studies outside obstetrics and gynecology. For instance, in acute liver dis¬
ease, the ratio of these three estrogens can vary enormously, and the study of just one

estrogen wouldn't give the complete picture at all.
D. N. Baron: Work has been published on detection of the three estrogens in the

urine of patients after oophorectomy and adrenalectomy. I'd like Dr. Brown's view on
the source of these estrogens. Whether he thinks these are really the three estrogens
present in urine, whether he thinks they come from accessory mesenchymal tissue (what¬
ever that may mean), or whether he thinks they come from androgen metabolites or
from estrogens in the food.

J. B. Brown: A number of groups have been trying to work out this question,
ourselves included. Some have brought forward evidence that there is indeed estrogen
being excreted in the urine of these cases. We have been trying to develop methods
which are much more sensitive than the ones mentioned today, and I must say that
in the majority of these cases the more reliable the methods become at these very low
levels, the less estrogen we find; I think that whether there is actually estrogen being
put out in the urine following complete oophorectomy and adrenalectomy has yet to
be proved.

T. F. Gallagher: Dr. James Brown, with the aid of methylation, alumina chroma¬
tography, and the Kober reaction, has given us a wide view of the various ills to which
the flesh of women is heir with one notable exception. In the course of a lifetime, a
normal woman will produce from her ovaries about 4 gm. of estrogen. Each pregnancy,

however, adds approximately 2 gm. to this total, and all of you doubtlessly know that
the greater part of this estrogen produced during pregnancy is excreted as estriol. In order
to examine whether the large production of estriol in pregnancy is formed from endo¬
genous estrone or from some other source, Drs. James Brown, Fishman, Hellman, and
Zumoff and I undertook a joint project in which we administered labeled estradiol to
normal nonpregnant women and pregnant women roughly comparable in age to the
control group.
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Figure A shows the amount of the three conventional estrogens which Dr. Brown has
discussed; the percentage refers to the fraction of the total radioactivity found after
enzymatic hydrolysis alone in the urine of these women following the administration of
estradiol-Id-C14. As you can see, there is a very close correlation between the normal
nonpregnant women and the pregnant subjects. The amount of estrone and estriol

^ ^ NON-PREGNANT WOMEN (7)
20r ■ PREGNANT WOMEN (5)

Fig. A. Conversion of estradiol to metabolites.

produced from the exogenous hormone is practically identical in the two groups of
women. There is a small difference between the two groups in the amount of estradiol.
This result clearly answers the primary question, i.e., exogenously administered estradiol
to all purposes is metabolized identically by pregnant women and by nonpregnant
women.

TABLE A

Metabolism of Exogenous Estradiol-16-C14 (1.62 X 10e c.p.m., I.V.) by Pregnant
Subject": Estrogens in 7-Day Urine Collection1'

Total Avg. specific Secretion

c.p.m. Total activity rate

Estrogen X 103 mg. (c.p.m./pg.) (mg./day)
Estrone 111 3.7 30 8

Estradiol 21 0.72 30 8

Estriol 97 39.2 2.5 93

" Subject W. S., age 26, 6th month of pregnancy.
6 Enzymatic hydrolysis = 64%. Total radioactivity in urine = 923 X 103 c.p.m.

Fecal excretion accounted for 22% of the dose (358,000 c.p.m.).

In Table A a typical study of one of the five pregnant women is presented. The
duration of urine collection was sufficiently long to ensure that virtually all the metabo¬
lites were obtained. The hydrolysis was as expected. I call your attention then to the
specific activity of estrone and estradiol which were identical and that of estriol which
was very, very much lower. The well-known secretion rate calculated from each of these
metabolites gave, of course, the same figure from estrone or from estradiol, but that
from estriol was divergent from the other two estimates. These results clearly indicate
that estriol during pregnancy is produced in some manner that is not consistent with
the production of estrone or estradiol. How to interpret this is quite another problem.
Dr. K. J. Ryan has given us some extremely valuable information in this connection
in that he showed that placental tissue had enzyme systems capable of converting a
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16a-hydroxy-3,17-diketo neutral steroid to estriol directly without forming estrone or
estradiol. The operation of such a process would be permissible as an interpretation of
the results that we have obtained. However, as far as I am aware, up to the present
time there is no evidence to indicate that the necessary precursor for this transformation
is formed either normally or during pregnancy in sufficient amount to account for the
quantity of estriol excreted daily. That is not to say that it is not important or not
possible—simply the information is lacking.

There is another possibility, among others, namely that the placenta produces a
conventional estrogen, either estrone or estradiol, and this material is secreted in two
directions by the placenta. Part of it is secreted directly into the maternal organism
and part goes to the placenta and fetus considered as a single compartment. If one

presumes from the evidence I have presented that the maternal metabolism of the
estrogen so produced is exactly like that of the nonpregnant women, one could explain
the results that I have shown with one additional presumption. This is that the admin¬
istered exogenous hormone has to all purposes not passed through the placenta. Under
these circumstances, the estrogen produced by the placenta and secreted into the fetal
compartment must be metabolized principally to estriol. This would then be poured
into the maternal circulation without prior mixing with the exogenously administered
hormone. This would account for the lower specific activity of estriol in the pregnant
women. However, whether either of these explanations or others that might be offered
are correct remains a problem for future investigations.

J. Goldzieher: Dr. Brown has presented a number of very interesting cases of "Stein-
Leventhal syndrome." His clinical data, I think, again confirm the belief that this
syndrome doesn't exist, since he showed that these women may menstruate regularly,
that they have corpora lutea, and that they become pregnant. As far as I recall, these
are three of the features which exclude this diagnosis. His urinary findings show that
patients with this peculiar morphological abnormality of the ovary can range in
urinary estrogen production from very low to quite normal levels. Dr. Axelrod and I
have been studying this problem in another and more direct fashion—specifically by
studying the estrogen production of the ovarian tissue itself. We can confirm Dr.
Brown's urinary estrogen findings since polycystic ovarian tissue has been shown to pro¬
duce estradiol very successfully, even to the degree of normal ovarian tissue, or it
may be partially or totally incapable of producing estrogen. Our experiments to date
in a fairly substantial number of ovarian wedges indicate that the most consistent bio-
synthetic defect occurs subsequent to the production by the ovarian tissue of 19-
hydroxytestosterone and 19-hydroxyandrostenedione. The ovarian tissue seems to be
unable to aromatize these intermediates, a condition which leads also to the accumulation
of dehydroepiandrosterone (with pregnenolone as a precursor), testosterone, and andros-
tenedione. Possibly these are the substances which produce the hirsutism and mascu-
lization associated with this condition.

G. D. Matthew: I would agree in general with these remarks about the ovary and
the development of polycystic disease, as I think everybody will admit that it is, in
fact, impossible to state categorically what is a normal ovary. However, the informa¬
tion that we have been given would apparently support our differentiation between
the polycystic ovary which is associated with hirsutism and the one which is asso¬
ciated with the other clinical features, but without hirsutism.

J. B. Brown: We have studied a number of these cases and have found that they
all excrete larger amounts than postmenopausal women, some very much more. These
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findings are not adequately explained by complete block in estrogen synthesis in the
ovary.

C. W. Emmens: It is permissible in various countries, including my own, to add
estrogen to various cosmetic creams. In Britain and in Australia, I think you are per¬
mitted up to 10,CXX) international units per ounce, and in the more expensive of these
creams it is the steroid estrogens that are added. We have had reason to suspect that
in cases of ladies who have been ovariectomized, adrenalectomized, and even hypo-
physectomized but are excreting significant amounts of steroids, these may originate
in such face creams. I wonder whether any other people here, including Dr. Brown,
have any comment on this.

J. Goldzieher: I simply want to say that we have been studying this problem
with a dual label technique, putting C14-labeled estrone and tritium-labeled estradiol
on the skin at the same time. The skin is well able to absorb and permit the transport
of these steroids. As a matter of fact, we find that hydrocortisone (which is the best
of all steroids tested so far) goes through the skin to the extent of 90% or so in 24
hours. So, it is not going to take very much estrogen in the skin cream to get itself
absorbed into the system and reappear in the urine.

G. S. Gordan: I, too, would like to express my admiration of Dr. Brown's presen¬
tation and of his previously published data. I would like to take advantage of this
opportunity to pin him down on a couple of questions which I think have to be
answered at the present time for clinical purposes. I refer particularly, of course, to
some of the discussion that has preceded this and which must be answered for the
benefit of those working in the cancer field. The first question is: Aren't all the values
for urinary estrogens essentially nil in women with ovarian agenesis and in castrated
or postmenopausal women? I believe that you indicated that in Turner's syndrome the
values were less than those in the postmenopausal woman. Therefore, the question
specifically is: What is a significant detectable value? Is it 3 pg. a day? Secondly, for
clinical purposes, has fractionation of the urinary estrogens thus far yielded more
information than estimation of the total estrogens. I don't wish to decry the scientific
value of the estimations, but I do wish to ask the quesion about clinical significance.
Finally, a third question: Did I correctly read your slide that there is no change in
the urinary excretion of estrogens after wedge resection, and if so, what does wedge
resection do in the Stein-Leventhal syndrome?

J. B. Brown: This problem of the reliability of estrogen methods at very low
levels has been a perennial one and we haven't been able to nail the lower limits.
We are rather put out that as soon as we develop a method, people want to measure

nothing with it. But our feeling (we haven't any absolute proof of it) is that above
3 pg. of each of the three estrogens we are measuring something in the great majority
of urines, but below that we might have an overestimate of nothing.

Regarding your question about castration, the menopause, and ovarian agenesis,
we have been measuring estrogens in children aged 2)^-4 years and can find nothing
down to the level of 0.1 pg./24-hour urine, using a more sensitive method of measure¬
ment. The cases of ovarian agenesis do look as though their estrogen output is more
in line with these values than say the postmenopausal woman or the castrated woman.
I think that we are measuring estrogens in the urine of postmenopausal women or of
castrated women, although perhaps not with a high degree of accuracy. Concerning
the question about fractionation versus total estrogens, the majority of our interpre¬
tations are based on summing the estriol, estrone, and estradiol values, and we believe
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that this figure for total estrogens is more meaningful from the clinical point of view
than any one separately. You could, of course, attempt to measure all the urinary
estrogens, known and unknown, and probably get an even better correlation with the
clinical picture and ovarian production. However, at the moment, this is not a feasible
proposition. Total estrogens cannot be measured as such without splitting into compo¬
nents since each has a different Kober chromogenicity.

Regarding the question of ovarian wedge resection, we have shown only one of the
cases studied over the time of operation (text, Fig. 12). This case was not excreting
very large amounts of estrogen and consequently there was no dramatic change in
estrogen output following operation. We have had cases who were excreting amounts
up to 60 pg./24 hours, and ovarian resection did cause an obvious fall in estrogen
output in these cases.

L. L. Engel: I, too, would like to add my congratulations to Dr. Brown on his
very handsome and painstaking piece of work. I would just like to make a suggestion
which may reconcile the apparent discrepancies between Dr. Goldzieher's results and
Dr. Brown's results on estrogen excretion in patients with Stein-Leventhal syndrome.
If the precursors continue to be formed in the ovary, they can be transformed into
estrogens in sites other than the ovary, for example, the liver. The conversion of an¬

drogens to estrogens in adrenalectomized, castrate individuals has been adequately
demonstrated.

E. Diczfalusy: I think it was Claude Bernard who in 18S8 in his "Introduction a
la Medicine Experimentale" said that all progress in experimental medicine comes from
the introduction of new methods. This has been shown to be true also during the last
decade, and many of us are indeed greatly indebted to Dr. Brown for the enormous
amount of work he invested into the development of his estrogen method. My labo¬
ratory in Stockholm has been privileged because Dr. Brown made his method available
to us a long time before publishing it, and I think it is appropriate to express my

gratitude and indebtedness for his generosity at this meeting.
It has been shown convincingly during the past few years that the Brown method

is a very valuable laboratory tool in a variety of clinical conditions. As we heard, this
method measures the three "classical" estrogens—estrone, 17((-estradiol, and estriol.
However in addition to these three major estrogens, more than a dozen estrogen me¬
tabolites have been detected in human body fluids, and I think it is fair to say that
still more can be expected in the near future. A study of these new estrogens in different
conditions would certainly be of interest. Therefore, Dr. Belisario Lisboa and I have
attempted recently to develop a method for the separation and characterization of some
24 estrogens [B. P. Lisboa and E. Diczfalusy, Acta Endocrinol, (in press)].

The method is based on bidimensional thinlayer chromatography. In the first chro-
matogram (which is one-dimensional) we separate S polar estrogens from 19 less polar
ones (Fig. B). In the second chromatogram the less polar compounds distribute them¬
selves into eight clearly separated groups, and these groups are then further character¬
ized in other solvent systems following KBH4-reduction. The polar estrogens are
distinctly separated in the third chromatogram, as indicated in Fig. C, which shows the
Rf values obtained with the different estriols.

One further advantage of the technique is that one can apply a variety of coloring
agents (including strong acids) to the plates. This affords an additional means of
characterizing various estrogens, as shown in Fig. D. In this experiment different deriva-
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tives of l7|3-estradiol were chromatographed, and the Miescher anisaldehyde reaction was

applied in situ to 2-3 pg. amounts of estrogen [K. Miescher, Helv. Chim. Acta 29, 743
(1946)]. It can be seen from the figure that in addition to an excellent separation,
the estrogens in question also give different colors with the reagent used. For the time
being, the method is mainly used for separation and characterization of the estrogens
rather than for their quantitation, but the quantitative aspects of the problem are also
being studied.

I would like to raise a second point and second Dr. Brown in pointing out the clin¬
ical usefulness of urinary estrogen assays in certain conditions, particularly in one
condition, where the problem is whether or not the patient has any functioning ovarian
tissue [e.g., Diczfalusy, Bull. soc. roy. beige gynecol. Obstet. 30, 267 (I960)]. Not
all such patients will exhibit pathologically increased urinary gonadotropin levels, and
therefore the diagnosis cannot be made entirely on the basis of gonadotropin assays.
In such cases the administration of human pituitary follicle-stimulating hormone
(HPFSH), as suggested by Gemzell and co-workers [C. A. Gemzell, E. Diczfalusy, and
K.-G. Tillinger, J. Clin. Endocrinol, and Metabolism 18, 1333 (19S8) ; E. Johanisson,
C. A. Gemzell, and E. Diczfalusy, J. Clin. Endocrinol, and Metabolism 21, 1068 (1961)]
may be of value. Fig. E shows urinary estrogen and pregnanediol excretion values in a

patient with primary amenorrhea in whom the urinary gonadotropin output was not
elevated. Administration of HPFSH followed by human chorionic gonadotropin (HCG)
resulted in the appearance of milligram quantities of estrogen in the urine (left figure),
indicating that the ovaries were indeed capable of secreting estrogen following gonado¬
tropic stimulation. When a few months later the test was repeated with the same dose
of HPFSH, but administering in addition 25-mg. amounts of testosterone propionate
every second day, the androgen completely abolished the ovarian reaction to the same
amount of HPFSH. Finally, when the test was repeated again a few months later,
with the same batch of HPFSH (this time as a single injection), there was again a
definite ovarian estrogen response. Therefore, I would like you to consider at least the
possibility that some steroid compounds used in family planning experiments might

-haps influence ovarian function by interfering with gonadotropic stimulation on the
•j ,. ^ level.

K. Ryan: I, too, would like to express my admiration for the Brown method of
estrogen determination. We have not used it for urinary studies, but we have found
it very useful for purifying estrogens after tissue incubations. If I might, I'd like to
try and answer Dr. Gordan's question about what a wedge resection accomplishes. I
don't think it necessarily alters the absolute values of estrogens. It allows ovulation to
take place and I think this is perhaps more important because you then get your cyclic
changes and the influence of progesterone.

Another point I would like to make—Dr. Brown raised the question whether 19-nor-
l7a-ethynyltestosterone was converted to the estrogens. For what it is worth, ethisterone
is not aromatized by the placental aromatizing system. The 17a-ethynyl position seems
to interfere with the reaction. I'd like to say a word or two about Dr. Gallagher's
comments. I have no special prejudice regarding the alternate pathway for estriol
formation. Whether it is physiologically important is not known. I would just like to
point out that Hirschmann's triol, the 16a-hydroxy compounds in the A5 series, was
found in the urine of subjects with adrenal tumors, but it has also been found by
Guy Marrian in the urine of a normally pregnant woman. Lieberman and co-workers
have also described the 16a-hydroxy neutral steroids as normal urinary metabolites. So
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these compounds do occur normally and there is a possibility that they might undergo
this transformation.

There was only one other question I wanted to ask Dr. Brown. He suggested that the
virilized "Stein-Leventhal" patient was different from the nonvirilized. Stein and
Leventhal did not make this distinction and said that half of their patients were

FSH 5rno/d HCG 6000 lU/drriiiTIui m
50rng HCG 6000 ILl/d
i iiilli

28/, 2/8 % % 196 0 % 'A

Fig. E. Effect of the administration of testosterone propionate on the ovarian re¬
sponse to human pituitary follicle-stimulating hormone (FSH) in a patient (G. K., 25
years old) with primary amenorrhea. E. Johanisson, C. A. Gemzell, and E. Diczfalusy,
unpublished data.

virilized. They didn't find any difference in the pathological features or the clinical
aspects in these patients, and I would ask if Dr. Brown would go over again his two
theories on why these patients are different.

J. B. Brown: One of the aims of this work was to correlate urinary estrogen out¬
put with clinical parameters, particularly endometrial biopsy and bleeding. A correlation
with endometrial biopsy was established in all cases except Stein-Leventhal syndrome
with hirsutism. When there was no hirsutism, raised estrogen output was associated
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with endometrial stimulation as in all the other conditions. This is why we had to
separate the Stein-Leventhal syndrome into two categories, because the cases with
hirsutism constituted an exception to the general rule.

K. Ryan: I thought that you presented two theories. The first one I understood
was that any androgen which was formed in the "Stein-Leventhal" ovary would inter¬
fere with end organ response. I think you offered one other theory.

J. B. Brown: That is correct. To explain the lack of endometrial stimulation in
the cases of hirsutism who were excreting quite large amounts of estrogens, we advanced
two possible hypotheses. One was that the virilizing hormones were antagonizing the
action of estrogen at the endometrial level, and the other was that the estrogen was
not being produced as estrogen by the ovary but that, as quite a number of people
have shown, there is a block in estrogen synthesis by the ovary and that the andros-
tenedione or one of the products thus being formed in the ovary is being metabolized,
generally in the liver as Dr. Engel has just suggested, and the estrogens we are measuring
in the urine are actually these metabolic products rather than ovarian estrogen.

A. Segaloff: I'm rather disturbed by statements that 721 r of radiation to the
ovary produces permanent amenorrhea and cessation of ovarian function. The literature
is replete with proof that this is not true. The two patients which were presented are

patients who were near menopause. Such patients are notoriously sensitive to radiation
to the ovary. Have any studies been done over an extended period of time in younger
women given a similar amount of radiation?

J. B. Brown: In these two cases approximately 700 r did cause permanent suppres¬
sion of ovarian activity. We were mainly interested in determining the effect of irradia¬
tion on the ovary at different times of the menstrual cycle, i.e., before the follicle had
started to grow and at a time when it was fully functional.

I. Rothchild: I want to add just a word or two to the comments of Dr. Gordan
and Dr. Ryan. I also offer my congratulations (and thanks) to Dr. Brown for laboring
for 12 years in what to me would be the salt mines, doing necessary work that confirms
many thoughts we have had about ovarian function. But perhaps Dr. Brown has over¬
looked a vein of gold among the salt. What does ovarian wedge resection do in an¬

ovulatory patients who show signs of chronic or cyclic estrogen secretion, and chronic
or cyclic secretion of pituitary gonadotropins? The operation changes the disturbed
pituitary-ovarian relationship, or more correctly, the CNS-pituitary-ovarian relationship
in such a way as to restore ovulation; it seems obvious, to me at least, that this change
may have happened in the immediate postoperative period. With an elegant method like
this for measurement of both total and individual estrogens, why couldn't it have been
applied to the postoperative period to determine the possible changes in estrogen secretion
that precede the resumption of ovulation? Such information might help us understand
how the wedge resection works and obviate the need for surgery altogether. Along this
line, there is an interesting paper by Flerko,1 which appeared I think within the past
year in the Acta Endocrinologica, showing that in hypothalamically lesioned rats (which
have a condition of anovulation that is at least parallel to this type of human anovula¬
tion), removal of one ovary restores ovulation in the remaining one.

J. B. Brown: I would agree that the application of this approach is by no means

exhausted, and that there are still many interesting problems to be investigated.
K. Savard: I rise to make the rather simple point that in reading the work of

1 B. Flerko and V. Bardos, Acta Endocrinol. 36, 180-184 (1961).
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Dr. Brown and the work of those who have applied his method over the years, I am
struck by the rather mysterious origins of the urinary estrogens as they ebb and flow
in the normal as well as the abnormal human patient. In contemplating the female
gonad in the course of our current in vitro studies, we find that it is no less mysterious
than the whole woman. I suggest that one of the most profitable areas of investigation
that we may anticipate in understanding the origins of the urinary estrogens lies in the
study of the particular steroid-producing elements of the ovary. With respect to the
cyclic aspects we must deal with the follicle and the corpus luteum, and in this regard
Dr. K. Ryan's recent work with follicular tissue is an example. But superimposed upon
these cycling tissues are the functions of the noncycling elements of ovarian tissue. In
selecting these particular organelles alone for study, in vitro, we may be able to shed
some light on what is happening in cases of ovarian dysfunction such as the Stein-
Leventhal syndrome, as well as the nature of the normal ovarian cycle.

V. B. Mahesh: I am in agreement with Dr. Goldzieher's findings that in many
cases the polycystic ovaries of patients with hirsutism show a failure of conversion of
19-hydroxyandrostenedione into estrogens, thus resulting in the secretion of andros-
tenedione. However, this is not the only disorder of the polycystic ovary resulting in
excessive androgen production. Studies in our laboratory indicate that in many cases
of the polycystic ovary syndrome there is good conversion of 4-C14-androstenedione to
estrogens but the basic disorder lies probably with the 3|3-ol dehydrogenase activity.
These findings are supported by the presence of elevated levels of dehydroepiandrosterone
and 17a-hydroxypregnenolone in the ovaries, as well as poor conversion of 7-H3-dehydro-
epiandrosterone to androstenedione by ovarian slices as compared to normal.

The second point I would like to mention is that although there are very significant
differences in the conversion of appropriate androgen precursors into estrogens by the
polycystic ovary as compared to the normal, nevertheless polycystic ovaries can convert
these precursors into estrogens in small amounts. The differences in estrogen secretion
by such ovaries may not be very significant as compared to the normal, if the increased
ovarian mass which is frequently associated with polycystic ovaries is taken into account
as contributing to total estrogen production. Secondly, that these ovaries are producing
androgens is well established. The conversion of these androgens by organs other than
the ovary, such as the liver, may contribute significantly to urinary excretion of estro¬
gens. The finding of normal values of urinary estrogens in patients under discussion
are therefore not surprising.

A. S. Meyer: I am surprised that nothing has been said about the adrenal during
this discussion. As you may recall, some years ago we demonstrated, using adrenal slices,
the in vitro conversion of 19-hydroxyandrostenedione to phenolic substances whose
polarity was similar to that of estrone and estradiol. In 1960 at Copenhagen, Stitch (Ab¬
stract No. 352, I960)2 working with an earlier precursor in the biosynthetic pathway
confirmed in a way our observation. With the help of a more discriminatory fractiona¬
tion procedure, however, he gathered evidence that the phenolic conversion products
were for the greatest part not identical with the classic natural estrogens. The elucida¬
tion of the structure of these compounds is anxiously awaited. In this connection, I
should not wonder if more sensitive fractionation procedures, such as the previously

2 S. R. Stich, First International Congress of Endocrinology, Copenhagen, 1960 (Ab¬
stract No. 352.)—This appeared in "Advance Abstracts of Short Communications" (F.
Fuchs, ed.). Periodica, Copenhagen, 1960.
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mentioned two-dimensional thin-layer chromatography or gas chromatography, may
likewise prove a valuable tool in the solution of the problem of residual estrogen excre¬
tion in ovariectomized women.

G. Pincus: I think one of the most interesting features of these data are those
on the effects of ovulation-inhibiting agents on estrogen excretion. The most pertinent
remark that was made here was that of Dr. Diczfalusy, who pointed out, at least in the
case of testosterone, an explanation for the change in secretion might involve direct
ovarian inhibition. We have been doing a little work with mice just to vary the fare
from the human, and to our great surprise in hypophysectomized mice given gonadotro¬
pin for ovulating purposes, you can get inhibition of ovulation by a variety of agents
which are ordinarily thought of as being active at the hypothalamopituitary level. For
example, reserpine and chlorpromazine are inhibitors of ovulation in the gonadotropin-
stimulated hypophysectomized mouse. If this is the case, it looks as though there is a
whole system of activities within the ovaries which may be susceptible to pharmacologic
or even natural agents, and I think that this feature of the study that Dr. Brown has
initiated and that Dr. Diczfalusy referred to is extremely important. In this connection,
I have one more question to ask of Dr. Brown: in his studies of the inhibitory action,
which is very clearly illustrated, does he not have two possibilities? Is there any indica¬
tion from gonadotropin excretion measurements that there is a differential action—in
other words that gonadotropin suppression may or may not occur where estrogen produc¬
tion is definitely inhibited? The other possibility—can it be that the lowered production
of estrone, estradiol, and estriol may be due not to inhibition production, but merely
to channeling synthesis in another direction?

J. B. Brown: Regarding the question of gonadotropin output during treatment with
these progestational compounds, I do not think that this has been clearly worked out.
Some people giving very massive doses of norethisterone to postmenopausal women
have reported a drop in total gonadotropins to menstrual cycle levels. However, in
these younger women receiving smaller amounts of progestational agents, there was no
evidence of a fall in total gonadotropin production; in fact in two there was a rise in
gonadotropin output toward the end of the treatment. This would indicate that the
progestogens are working directly on the ovary rather than on the pituitary, although of
course the results could also be explained by a differential effect on the pituitary which
would not be demonstrable by those assays for total gonadotropin. The administration
of progestational compound during the luteal phase of the cycle did not affect the
estrogen output, and this clearly shows that these compounds are not interfering with
the general metabolism of estrogens, at least insofar as estriol, estrone, and estradiol
are concerned.

G. Pincus: Why do you have a reduction before and none after?
J. B. Brown: If a progestational compound is given before a follicle has had a

chance to start growing it keeps the follicle quiescent, but once the follicle has started
growing and has ovulated and formed a corpus luteum, the progestational compound
has no effect on that follicle. This is analogous to the effect of irradiation except that
irradiation causes permanent suppression of ovarian activity.
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SUMMARY

The urinary excretion of pregnanetriol, pregnanediol and oestrogens
was measured throughout five anovulatory cycles in three subjects, and
throughout an anovulatory cycle and an ovulatory cycle in an adrenalectom-
ized subject. Cyclical changes in pregnanetriol excretion, which paralleled
the changes in oestrogen output, were observed during some of the anovula¬
tory cycles and also during the ovulatory cycle in the adrenalectomized
subject.

These findings suggest that one factor contributing to the increase in
pregnanetriol excretion during the normal ovulatory menstrual cycle is the
secretion by the ovary, at times of maximal oestrogen secretion, of a pre¬
cursor (possibly 17a-hydroxyprogesterone) common to both oestrogens and
pregnanetriol. However, that other factors are probably also involved is
suggested by the particular pattern of pregnanetriol excretion during the
normal ovulatory cycle and by the finding that the increase in pregnanetriol
excretion at about the time of ovulation is usually greater than the increase
found in the anovulatory cycle.

INTRODUCTION

The normal ovulatory menstrual cycle is characterized by two peaks of oestrogen
excretion; one of these occurs near the end of the follicular phase and is connected
with ovulation (Brown & Matthew, 1962), the second occurs during the luteal
phase. It has also been shown recently that there is a definite pattern in the excretion
of 5/?-pregnane-3a: 17a: 20a-triol (pregnanetriol) throughout the menstrual cycle, the
excretion of this steroid increasing sharply at the time of the first peak of oestrogen
excretion, reaching a maximum about 6 days later and remaining during the luteal
phase at this higher level until a few days before menstruation (Pickett, Kyrialtides,
Stern & Sommerville, 1959; Fotherby, 1960, 1962). This pattern therefore does not
parallel the changes in oestrogen excretion. Although most of the urinary preg¬
nanetriol arises from precursors secreted by the adrenal cortex, it has been suggested

* Present address: Postgraduate Medical School, Ducane Road, London, W. 12.
f Present address: Royal Women's Hospital, Melbourne, N. 3, Victoria, Australia.
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(Fotherby, 1961) that the increased amount of pregnanetriol excreted during the
second half of the menstrual cycle originates from a precursor secreted by the ovary.
In order to study further the relationship between oestrogen, pregnanetriol and
5/?-pregnane-3a: 20a-diol (pregnanediol) excretion, the excretion of these steroids
has been measured in women with anovulatory menstrual cycles, in whom follicular
activity would be present without a subsequent functioning corpus luteum, and in
an adrenalectomized premenopausal woman in whom the adrenal precursor of
pregnanetriol was absent.

Rig. 1. Subject P.B. Daily excretion of oestrone, oestradiol, oestriol, pregnanediol and preg¬
nanetriol. Hatched area indicates menstrual period. The first menstrual period shown com¬
menced on 17 September.

SUBJECTS AND METHODS

Miss P.B. (Pig. 1) aged 21 years was investigated because of dysmenorrhoea.
Assays were performed during two menstrual cycles, both of which were anovulatory
without dysmenorrhoea.

Mrs M.L. (Fig. 2) aged 42 years was a premenopausal patient with breast cancer.
Assays were performed during one anovulatory menstrual cycle.

Mrs S.L. (Fig. 3) aged 49 years was a premenopausal patient with breast cancer.
Assays were performed for a month before ovariectomy. During this time the latter
part of one anovulatory cycle and the beginning of another were studied.

Mrs E.R. (Fig. 4) aged 34 years had been bilaterally adrenalectomized for hyper¬
tension and Cushing's syndrome 3 weeks before she was studied. The operation had
no apparent effect on her menstrual rhythm and the period of study included an
anovulatory and an ovulatory cycle.

Oestriol, oestrone and oestradiol were measured in each urine specimen by the
method of Brown, Bulbrook & Greenwood (1957), pregnanediol by the method of
Klopper, Michie & Brown (1955), and pregnanetriol by the method of Fotherby &
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Fig. 2. Subject M.L. For explanation see Fig. 1. This subject had a menstrual period from
4 to 8 April.

1-5

J 0-75
CN 0

i Pregnanetriol
i

| Ovariectomy]

I Pregnanediol

10 12 14 16 18 20 22 24 26 28 30 1 3 5 7 9

August September
Fig. 3. Subject S.L. For explanation see Fig. 1. This subject had a menstrual period from

2 to 6 August.
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Love (1960a). The pregnanetriol content of many of the urine specimens from the
adrenalectomized subject was also measured after paper chromatography of the
pregnanetriol fraction from 100 ml. of urine. The 5 % ethanol in benzene fraction
from the alumina column was chromatographed on Whatman no. 42 paper using
the solvent system toluene : light petroleum: methanol: water (3:2:4:1, by volume;
Bush, 1952), the area of paper containing pregnanetriol was eluted and the residue
obtained dissolved in 3 ml. concentrated sulphuric acid. With all urines examined
the values obtained by this procedure agreed with the values obtained by the method
of Fotherby & Love (1960a). No substances reacting with phosphomolybdic acid,
other than pregnanetriol, were detected on the paper chromatograms.

Fig. 4. Subject E.R. For explanation see Fig. 1. This subject was adrenalectomized on
29 September and had a menstrual period from 18 to 22 October.

RESULTS

The results are illustrated in Figs. 1-4, each of which will be considered separately.
Miss P.B. (Fig. 1). During the first cycle, despite a large rise in oestrogen ex¬

cretion, changes in pregnanetriol excretion were small, although the mean daily
level following the rise in oestrogen excretion was slightly greater than that for the
preceding period. During the second cycle oestrogen excretion remained elevated
for a longer time and this was accompanied by a rise in pregnanetriol excretion. The
body temperature chart was monophasic throughout both cycles.

Mrs M.L. (Fig. 2). During the menstrual cycle studied, there was a single broad
maximum of oestrogen excretion and no increase in pregnanediol output which
could be associated with a luteal phase. This cycle was therefore anovulatory. During
the period of increased oestrogen excretion there was only a slight rise in pregnanetriol
excretion, which lasted about 5 days. The increased pregnanediol and pregnanetriol
excretion on 2 days during the early part of this study was probably due to stimula¬
tion of adrenocortical activity on one or both of these days.

Mrs S.L. (Fig. 3). During the study there was no increase in pregnanediol output
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which could be associated with a luteal phase. The first cycle studied was therefore
anovulatory and the second, which was terminated by ovariectomy, was probably
also anovulatory. Both cycles showed a single maximum of oestrogen excretion,
but there was no convincing evidence of any change in pregnanetriol excretion.

Mrs E.R. (Fig. 4). The first cycle studied showed a single peak of oestrogen
excretion with menstrual bleeding 2-4 days after the peak; there was no increase
in pregnanediol excretion which could be associated with a luteal phase and therefore
this was an anovulatory cycle. Pregnanetriol was undetectable during the early
part of the cycle and then increased to the small figure of 0-3 mg./24 hr. and decreased
before the onset of menstruation. These changes paralleled those of oestriol excretion.
During the next cycle, the follicular phase was prolonged but eventually resulted
in an ovulatory peak of oestrogen excretion on 13 December. This was followed by
a luteal phase of 9 days, with a rise in pregnanediol excretion to 1-0 mg./24 hr.
Pregnanetriol excretion was scarcely detectable during the early follicular phase and
then increased reaching a maximum at the time of the first peak of oestrogen
excretion. A feature of both cycles was that the three oestrogen fractions never fell
to unmeasurable levels.

DISCUSSION

Brown & Matthew (1962) have described two patterns of oestrogen excretion
during anovulatory menstrual cycles. In the first, the oestrogen output remained
elevated at a more or less constant level over a period of time and menstruation
occurred as a ' break-through' phenomenon. This pattern was presumably due to the
presence of persistently secreting follicles in the ovaries. In the second pattern, the
oestrogen output showed a single maximum and menstruation occurred as the oes¬
trogen stimulus to the endometrium was withdrawn. This pattern was presumably
due to the presence in the ovaries of a follicle which developed and then regressed
without rupturing. All the anovulatory cycles encountered in the present study
were of the second pattern.

During these anovulatory cycles there was much variation in the pattern of
pregnanetriol excretion. Thus in Mrs M.L. (Pig. 2), Mrs S.L. (Pig. 3) and the first
cycle studied in Miss P.B. (Fig. 1) little, if any, increase in pregnanetriol excretion
occurred in spite of marked changes in oestrogen excretion. These findings should
be contrasted with the marked increase in pregnanetriol excretion (approximately
0-8 mg./day) which occurred during the period of increased oestrogen excretion in
the second half of the second cycle of Miss P.B. In the adrenalectomized patient
(Mrs E.R., Fig. 4) there was an increase in pregnanetriol excretion to about 0-3 mg./
day in both the anovulatory and ovulatory cycles and these changes paralleled those
in oestrogen excretion. It should be noted that although the second cycle of this
patient was considered to be an ovulatory one the follicular phase was very prolonged
and the excretion of pregnanediol during the luteal phase did not exceed 1 mg./day.

The direct relationship shown in the present study between the excretion of oestro-
gens and pregnanetriol in some of the menstrual cycles, particularly those of the
adrenalectomized subject, in whom the adrenal precursor of pregnanetriol was
absent, might suggest that part of the increase in pregnanetriol excretion which
occurs during the ovulatory menstrual cycle is connected with the increased secretion
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of oestrogens at ovulation and during the luteal phase. The major precursor of
pregnanetriol, namely 17a-hydroxyprogesterone (Fotherby & Love, 19606), is also
an intermediate in the biosynthesis of oestrogens (Ryan & Smith, 1961). However,
with the exception of the second cycle of Miss P.B., the increases in pregnanetriol
excretion observed in the four subjects under study were small compared with those
of the normal menstrual cycle. Fotherby (1962) studied twenty normal ovulatory
menstrual cycles and found that pregnanetriol excretion rose sharply (mean value
for increase 0-3 mg.) on the day when oestrogen excretion reached its first (ovulatory)
peak and increased still further on the following day, finally reaching a value about
0-8 mg. higher than during the early follicular phase of the cycle. Thus, although
one factor contributing to the rise in pregnanetriol excretion during the menstrual
cycle may he connected with oestrogen biosynthesis, this does not appear to be the
sole factor. Recently Burger & Sommerville (1963) have shown that administration
of human pituitary gonadotrophin to an adrenalectomized woman increased the
urinary excretion of both oestrogens and pregnanetriol.

The adrenalectomized woman (Mrs E.R., Fig. 4) during the anovulatory and
ovulatory cycles studied excreted amounts of oestrogens which were within the
range found in normal individuals under similar circumstances, and at no time did
her total oestrogen output fall to zero. These findings suggest that the adrenals are
a minor source of oestrogens in premenopausal women and that the ovaries secrete
oestrogens at all times of the menstrual cycle, whether ovulatory or anovulatory.

We are indebted to the many skilled assistants who performed the assays and to
Dr J. A. Strong, Department of Medicine, University of Edinburgh, for his in¬
valuable collaboration.
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Occasional gynaecomastia was first noted,in patients
with hypertrophic pulmonary osteoarthropathy by Bam¬
berger (1891), who compared the swelling of the breast
observed in three men with pulmonary arthropathy with
the mammary enlargement sometimes found in youths
at puberty. Later, other workers commented on the
association of gynaecomastia with arthropathy in patients
with carcinoma of the bronchus (Fried 1943, Bloom 1948,
Bariety and Coury 1950).

In a previous study of hypertrophic osteoarthropathy,
cestrogen excretion was measured in three patients:
urinary oestrogens were increased in all of them, though
only one had gynecomastia (Ginsburg 1958). We have
therefore undertaken a more detailed study of cestrogen
excretion in hypertrophic osteoarthropathy. Control
observations have been made in patients with carcinoma
of the bronchus uncomplicated by periostitis. (Estrogen
excretion has also been measured in patients with clubbing
of the fingers or gynaecomastia not associated with
osteoarthropathy, and in a group of healthy men.

The Investigation
Patients with Hypertrophic Pulmonary Osteoarthropathy

Studies were made in eleven men with pulmonary
arthropathy (table i). They all had clubbing of the fingers,
swollen joints, and radiographic evidence of periostitis.
The osteoarthropathy was secondary to carcinoma of the
bronchus in all except one (case 10) in whom the pre¬
sumptive diagnosis was bronchiectasis. Two (cases 1 and
4) had gynaecomastia.
* Present address: Department of Obstetrics and Gynaecology, Charing

Cross Hospital Medical School, London, W.C.2.



TABLEI—OESTROGENEXCRETION(|Xg.PER24HR.)INHYPERTROPHICPULMONARY(OSTEOARTHROPATHY
Case

Age

Extentofperiostitis

Gynecomastia
CEstriol

(Estrone

(Estradiol

Totalurinary

no.

(yr.)

cestrogens

1

67

Grosschangesinupperandlowerlimbs
+

270

90

3-2

39-2

2

57

Severeinlegs,moderateinarms

—

13-3(5-7)*

3-6(.3-4)

1-2(0)

181(91)

3

62

Severeinlowerlegs,slightinforearms
—

391(7-3)

90(41)

3-8(0)

51-9(11-4)

4

54

Severechangesinlegsandforearms

+

17-6

6-4

2-9

26-9

5

53

Severechangesinlegsandforearms

—

25-5(77)

8-4(4-7)

3-5(5-7)

37-4(75-5)

6

49

Moderatechangesinlowerlegs,slightinforearms..
—

11-9

60

7-7

25-6

7

47

Severechangesinlegs,moderateinforearms
—

27-5(6-3)

3-5(34)

20(7-0)

330(11-6)

8

32

Moderatechangesinlegsandforearms
—

14-6(5-1)

4-8(2-7)

4-2(06)

23-6(8-4)

9

56

Moderatechangesinlegsonly..

—

9-7(43)

2-9(0-6)

0-8(0-9)

13-4(5-8)

10

50

Moderatechangesinlowerlegsonly

—

59

2-5

0-9

93

11

69

Slightchangesinlegsandforearms

~•

51

5-9

0-4

11-4

Meanvalue

17-9

5-6

2-8

26-3

*Figuresinparenthesesarepostoperativevalues.
TABLEII—CESTROGENEXCRETION(fig.PER24HR.)INTHECONTROLGROUPS

Caseno.

Age(yr.)

Specialfeatures

(Estriol

(Estrone

(Estradiol

Totalurinary estrogens

GroupA: 12 13 14 15 16 17 18

45 61 53 63 61 61 69

>Nofinger-clubbing..........s jFinger-clubbing..........̂
6-3 6-7 9-5 5-4 3-2 40 4-3

4-9 1-6 2-4 1-7 31 10 2-3

2-3 0-4 09 0-6 1-2 0-3 2-8

13-5 8-7 12-8 7-7 7-5 5-3 9-4

Meanvalue

5-6

2-4

1-2

9-2

GroupB: 19 20 21 22 23

25 72 58 65 53

Idiopathicclubbing Clubbingsecondarytomildsteatorrhea Bilateralgynecomastia;slightclubbing;pulmonarytuber¬ culosis................ Rightgynecomastia;noclubbing;pulmonarytuberculosis.. Bilateralgynecomastia;noclubbing;mediastinaltumourwith cervicalglandinvolvement

4-7 5-4 62 3-7 301

60 19 36 5-4 5-3

1-7 0-7 0-3 1-3 30

12-4 80 101 10-4 38-4

GroupC:normalmen Actualrange Mean±s.d.

1-9to111 4-7±2-7

2-8to7-9 51±1-4

0to2-8
1-3±0-7

7-2to19-6
111±31

GroupA=carcinomaofbronchusuncomplicatedbyosteoarthropathy. Grouomiscellaneouscases.GroupC=normalmen.
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In all these patients urinary cestrogens were measured
before operation on 2 consecutive days, and in five
(cases 5, 7, 8, 10, and 11) for 6 days after the intramuscular
injection of (Estradiol 2-5 mg. in olive oil. In six of them
(cases 2, 3, 5, and 7-9) cestrogen excretion was also
studied after removal of the primary pulmonary tumour.
Control Groups (table II)

A. Patients with carcinoma of the bronchus but without
arthropathy.—This group comprised six men and one woman.
Two of the men (cases 16 and 18) and the woman (case 17) had
clubbing of the fingers, but none of the patients in this group
had radiographic evidence of periostitis. Urinary oestrogens
were measured on 2 consecutive days before thoracotomy.

B. Miscellaneous patients.—The five men in this group
included one with idiopathic clubbing of the fingers, one with
clubbing secondary to steatorrhoea, and three with gyneco¬
mastia, The gynecomastia was associated in two cases with
pulmonary tuberculosis, and in the third with carcinomatosis.

C. Normal men.—Urinary oestrogen output was determined
in twenty-four healthy men whose ages ranged from 18 to 55.
Generally at least two 24-hour specimens of urine were collected
from each.

Methods

24-hour collections of urine from the patients were stored
without preservative at 4°C, suitably packed, and despatched,
from London to Edinburgh. The urinary excretion of cestriol,
(Estradiol, and (Estrone were measured by Brown's method
(1955b), as modified by Brown et al. (1957). Urine specimens
from the healthy subjects were collected in Edinburgh.

Results

Urinary CEstrogen Excretion in Osteoarthropathy
Of the eleven patients with hypertrophic pulmonary

osteoarthropathy, eight excreted more oestriol than any
of the normal men, three excreted more (Estrone, six
excreted more (Estradiol, and seven excreted more " total
cestrogens " (tables I and it). The highest " total oestrogen
value " (case 3) was almost five times the normal mean.

When the mean values for the two groups as a whole were
compared, the following differences were found:

t p
(Estriol . . 5-79 <0 01
(Estrone . . 0-92 >0-3
(Estradiol . . 3-19 <0 01
Total (Estrogens 5-85 <0 01

The increases were therefore greatest in respect of the oestriol
fraction, and this was reflected in the total (Estrogens.

In the six patients 4-8 weeks after the primary pulmonary
tumour had been removed, oestrogen excretion was consistently
decreased to less than half the preoperation levels, and in all
cases the values had returned to normal limits. In one patient
(case 8; see figure), where measurements were also made
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TABLE III—RECOVERY OF ADMINISTERED (ESTRADIOL IN CASES OF

HYPERTROPHIC PULMONARY OSTEOARTHROPATHY

Case no. Total * oestrogens
recovered (% of dose)

CEstriol recovered
(as % of total * recovered)

5 22-3 70
7 101 85
8 19-2 43

10 7-5 45
11 14-4 31

Mean 14-7 55

* Total refers to the sum of oestriol, oestrone, and cestradiol.

during the 1st week after operation, excretion of the three
oestrogens was even greater in the immediate postoperative
period, and it fell only gradually over subsequent weeks.

The recovery of injected cestradiol as the three urinary
oestrogens (uncorrected for methodological losses) ranged from
7-5 to 22-3% (mean 14-7%), of which 31-85% (mean 55%) was
oestriol (table in). These values compare with a range of 9 to
23% (mean 16%) for the normal, of which 27-59% (mean
44%) was oestriol (Brown 1957). The recovery figures are
therefore normal, except that the oestriol fraction contributes
a greater proportion of the urinary oestrogens, particularly when
the endogenous output is high.
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Urinary cestrogens in case 8 before removal of the primary tumour
and after operation.
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Urinary (Estrogen Excretion in Carcinoma of Bronchus Uncom¬
plicated by Osteoarthropathy

In none of these patients was the excretion of urinary
cestrogens greater than normal (table n); in fact, in five of them
the cestrone values were below the normal range, and therefore
oestriol again tended to be the major oestrogen. When the
means of this group were compared with those of the group
with osteoarthropathy, significant differences were found in all
three oestrogen fractions:

t p
CEstriol . . 3 07 <0 01
(Estrone . . 3-26 <0 01
(Estradiol . . 1 96 <0 05
Total oestrogens 3-44 <0 01

Urinary (Estrogen Excretion in the Miscellaneous Group
In three patients (cases 19-21) with clubbing but without

hypertrophic pulmonary osteoarthropathy, and in two patients
(cases 21 and 22) with gynaicomastia, the oestrogen output was
within the normal range. But in one (case 23) with a complex
picture of gynaecomastia associated with a mediastinal tumour
and glandular involvement, the oestriol output was much
greater than normal.

Discussion

In the group of healthy men the urinary excretion of
oestriol, oestrone, and oestradiol agrees closely with that
already reported (e.g., Brown 1955a, Bersohn and Oelofse
1957). In the majority of the patients with hypertrophic
pulmonary osteoathropathy the excretion was greater
than that in any of the normal men, the greatest difference
being in the oestriol values. In patients with arthropathy
there was no precise correlation between severity of
symptoms or extent of radiographic changes and the level
of oestrogen excretion; but the urinary oestrogen levels
tended to be higher in patients with marked periostitis
than in those with only slight radiographic changes.

In the group of patients with bronchial carcinoma
uncomplicated by arthropathy but accompanied in some
instances by finger-clubbing, the excretion of oestrogens
was not increased. This was also found in patients with
gross clubbing due to other causes. The high level of
urinary oestrogens observed in the patients with pul¬
monary arthropathy was not therefore a universal feature
bronchial carcinoma nor associated with severe clubbing,
but it was apparently related to periostitis of the long
bones.

In the patients with osteoarthropathy, the proportion
of injected oestradiol recovered as the three urinary
oestrogens was within normal limits, although, as with the
endogenous output, proportionately more tended to be
excreted as oestriol. This indicates that conjugation and
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inactivation of oestrogens was unimpaired—at least in so
far as the pathway to oestriol is concerned—and that the
increased levels of urinary oestrogens found in osteo¬
arthropathy reflect increased hormonal production. The
source of this excessive oestrogen production is not readily
apparent. The pulmonary tumour can be excluded as a
source, because joint pain and swelling were relieved
immediately after operation, although the urinary
oestrogens remained high in the early postoperative period
(case 8; see figure) and only fell to normal values some
3-4 weeks later. Moreover, in case 7, 3 months after
pneumonectomy, when there were multiple deposits
including pulmonary secondaries, oestrogen excretion was
less than a third of the preoperative value.

High levels of urinary oestrogens are rare in men. They
may be associated with feminising testicular tumours, but
there was no evidence of such a tumour in any of the
patients with osteoarthropathy. The observed increase
could result from increased production in the adrenals;
this possibility has not been fully investigated because
exhaustive tests of adrenal activity were not performed.
In five patients (cases 4, 8, and 9-11) the urinary 17-keto-
steroids and 17-ketogenic steroids were measured, and
found to be normal (range 4-5-11-6 mg., mean 6-8 mg.;
and range 4-0-11-4 mg., mean 8-1 mg., respectively),
though only two of these patients were excreting increased
amounts of cestrogens. In support of these findings,
however, Bariety et al. (1960) reported low or normal
levels of urinary 17-ketosteroids in twenty-four patients
with hypertrophic pulmonary osteoarthropathy.

The output of urinary cestrogens may sometimes be
increased in liver disease. Thus, Cameron (1957a and b)
found raised values in two of twelve patients with chronic
liver disease, the " total oestrogens " excreted being 42 and
35 p.g. per day; the output of all three oestrogens was
increased in one of these, and in the other oestriol only
increased. Cameron also observed that the proportion of
cestriol to total oestrogens tended to be higher than normal
in patients with liver disease, as it was in our series, but
such a ratio seems to be common to a number of unrelated
disorders (Brown 1960). Possibly therefore the increased
oestrogen production found in arthropathy is related to
hepatic dysfunction—for example, to a disturbed meta¬
bolism of oestrogen precursors such as testosterone.
However, in none of our patients was there any clinical
or simple biochemical evidence of liver disease.

Although the initial impetus for our study was the onset
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of gynecomastia in men with osteoarthropathy, this was
not found invariably, and no correlation was subsequently
observed between the presence of gynecomastia and the
urinary oestrogen level. Thus, two patients with artho-
pathy (cases 3 and 5) had no feminising signs, although
oestrogen excretion was high, yet another patient (case 1),
with a similar urinary oestrogen level had considerable
breast changes; and, conversely, in two men with gyneco¬
mastia not associated with carcinoma (cases 21 and 22)
oestrogen excretion was within the normal range. These
findings support the view that feminising changes in the
male are not simply related to oestrogen production but
may depend on other factors (Kark et al. 1951, Brown
1960).

The finding of one patient (case 23) without arthro¬
pathy but with gynascomastia, a mediastinal metastasising
tumour, and an increased oestrogen output, suggests that
among such cases others might have an abnormal oestrogen
pattern not necessarily associated with osteoarthropathy.
Further studies of metabolic changes in these cases, and in
men with osteoarthropathy, may not only reveal the
origin of the excess oestrogens but also throw light on the
control of the normal male balance between oestrogens
and other hormones.

Summary

Urinary excretion of oestriol, oestrone, and oestradiol was
measured in eleven men with hypertrophic pulmonary
osteoarthropathy, in a control group of seven patients with
carcinoma of the bronchus uncomplicated by arthropathy,
in five patients with clubbing of the fingers or gynaeco-
mastia associated with other diseases, and in twenty-four
healthy men.

In patients with pulmonary arthropathy the mean
oestrogen excretion was more than twice that of the
control group or of the healthy men, and it fell to within
normal limits some weeks after operation. Recovery of
injected cestradiol was within normal limits.

No relation was found between the presence of
gynascomastia and the level of urinary cestrogens.

We wish to thank Mrs. Janet Blair and Miss Wilma McGillivray
for technical assistance with the analyses. The endowment fund of
St. Thomas's Hospital defrayed some of the expenses.
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Preliminary Communication
reprinted from The Lancet, December 29, 1962, p. 1358

GYNECOMASTIA AND URINARY (ESTROGENS
IN PATIENTS WITH GENERALISED

SKIN DISEASE

Gynecomastia occurs not infrequently in men with
erythroderma and exfoliative dermatitis. Hyperplasia of
breast tissue is seen also in women with exfoliative skin
disease, but for obvious reasons it is less often noticed
than in men. Though the explanation of the gyneco¬
mastia is not clear, several possibilities have been sug¬

gested.1 Because gynecomastia in the male may be
associated with an abnormality of oestrogen production
or metabolism, we decided to measure urinary oestrogens
in these patients.

the study

Four men with generalised exfoliative dermatitis were studied
(table overleaf). All had gynaecomastia, one to a marked
degree. None had clinical evidence of hepatic disease, and
injected bromsulphthalein (b.s.p.) was cleared normally (see
table). All four had abnormal flocculation tests and a reversed
albumin/globulin ratio; but this was due to a derangement of
protein metabolism which is common in exfoliative dermatitis
and erythroderma 2 and not to liver disease.

Analyses were made on two 24-hour collections of urine in
three patients, and on a single 24-hour collection in one patient.
Urinary oestrogens were measured by the method of Brown
et al.,3 and the results are expressed as microgrammes per
24 hours. It will be seen from the table that the output of one
or all of the three urinary oestrogens measured was appreciably
increased above the normal range in the four patients.

conclusion

The immediate cause of the gynaecomastia appears to
be hypercestrogenism. The explanation of this hyper-
cestrogenism is completely unknown at present, as it is
in the similar situation which occurs in some patients
with bronchogenic carcinoma.4

We are grateful to the Medical Research Council for a personal
grant to S. S.

. .. „ „ . Sam ShusterInstitute of Dermatology,
London, W.C.2 M.B., PH.D. Lond., M.R.C.P.

Medical Research Council JAMES B. BROWN*Clinical Endocrinology Research Unit, J
Edinburgh M.SC., PH.D. N.Z.

♦Present address: Professorial Unit, Royal Women's Hospital, Melbourne,
Australia.

1. Wheeler, C. E., Cawley, E. P., Gray, H. T., Curtis, A. C. Arch. Derm.
Svph. 1953, 68, 685.

2. Shuster, S., Wilkinson, P. To be published.
3. Brown, J. B., Bulbrook, R. D., Greenwood, F. C. J. Endocrin. 1957,

16, 49.
4. Ginsburg, J., Brown, J. B. Lancet, 1961, ii, 1274.
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Patient
Age
(yrs.)

and
sex

Disease

Duration(months)
Degree

ofgynaecomastia
24-hr.

urinary
output
of

cestrogens
Gug.)

b.s.p.retention
at
45

min.

CEstriol

(Estrone

(Estradiol
Total

HSFB

46
M

26
M

68
M

67
M

\

Generalised
exfoliative

/

dermatitis
(eczema)

Generalised
exfoliative

psoriasisGeneralised
exfoliative

dermatitis

1861240

++
+
+
+

+
+

10-610015-617-5

7-4101106-4

8-66-71-84-7

26-626-818-428-6

6%1%1%<1%

Normal
values

(Ginsburg
and

Brown
4).

Mean
±

s.d.
and

range

4-7

±2-7
(19

—11-1)
51

±1-4(2-8-7-9)
1-3

±0-7(0-2-8)
11-1
±3-1(7-2-19-6)
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„ Urinary total gonadotropins, urinary
oestrogens, and plasma-testosterone have

been studied in patients with leprosy with and without
gynecomastia and testicular atrophy. Patients with
gynecomastia and testicular atrophy had significantly
raised levels of gonadotrophins and lowered plasma-
testosterone. It is suggested that leprous orchitis repre¬
sents a form of acquired Klinefelter's syndrome.

Introduction

Gynecomastia and testicular atrophy occur in 10-20°o
of patients with leprosy (Grabstald and Swan 1952, Job
1961). The testicular lesions appear to follow direct
invasion by acid-fast bacilli, and in the chronic stage
closely resemble the histological features of Klinefelter's
syndrome (Grabstald and Swan 1952, Hall 1959, Job
1961).

We have investigated the endocrine changes associated
with the development of gynaecomastia and testicular
atrophy in patients with known chronic leprosy.

Materials and Methods

The patients studied were New Guinea males, resident at the
Gemo Island Leprosy Hospital, Port Moresby. All were
personally examined by one of us (I. M.), and features of
gynaecomastia and testicular size were noted. Gynaecomastia
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was graded according to Hall (1959). No patient was receiving
any hormonal treatment at the time of the investigation, and
none had evidence of progressive liver disease. Two 24-hour
urine samples were collected at intervals of approximately
3 months from each patient. The pH was adjusted to 2 0 and
the urine deep-frozen and subsequently air-freighted direct to
Melbourne and re-frozen immediately on arrival (transit-time
12 hours). Blood-samples were collected; the plasma was
separated immediately and frozen and air-freighted packed in
dry ice in a vacuum flask. The normal subjects studied were
New Guinean medical students or hospital personnel at the
Port Moresby General Hospital with no clinical evidence of
endocrine or liver disease.

The two urine-samples from each patient were extracted and
assayed for total gonadotrophins by the method of Johnsen
(1958) modified by Martin (1964), the normal male range being
5-50 mouse units per day, and for oestrogens by the method of
Brown et al. (1957), the normal male range being 5-22 jig. per
day. A bacterial count was performed on each specimen. The
plasma-testosterone was measured by the method of Hudson
et al. (1963), the normal male range being 0-39-0-98 ng. per
100 ml.

Results
The details of patients studied, with the average value

of the two separate assays for oestrogens and gonado¬
trophins, are listed in table I. Plasma-testosterone was not
TABLE I CLINICAL DETAILS AND VALUES OF URINARY TOTAL

GONADOTROPHINS, URINARY CESTROGENS, AND PLASMA-TESTO¬
STERONE FOR NORMAL MEN AND LEPROUS NEW GUINEA MALES

Sub- Age
jects (yr.)

Clinical features
c -a

a =2 C
8 n

<u —:

n
a on

I 5
£

Normal males:
Ml 25 5 14 4
M2 26 18 10-3
M3 30 8 9 5
M4 60 4 12-8
M5 16 9 6 5
M6 20 30 150
Afen with leprosy:

1 30 Testes normal, no gynecomastia 22 7-5 0 76
2 28 Testes normal, no gynecomastia 85 114 109
3 16 Testes normal, no gynecomastia 25 6 3 0-88
4 32 Testes normal, no gynecomastia 42 10-6 0-86
5 22 Testes small, no gynecomastia 23 7-5 0 69
6 27 Testes atrophic, grade-n gynecomastia 85 51 0-31
7
8

42

37
Testes atrophic, grade-n gynecomastia
Scanty body-hair, testicular atrophy,

80 111

grade-m gynecomastia, mammoplasty 200 51 0 54
9 24 Scanty body-hair, testes atrophic,

grade-in gynecomastia, mammoplasty 50 4-7 0 39
10 21 Scanty body-hair, testes atrophic,

grade-in gynecomastia, mammoplasty 100 10-4
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TABLE II—MEAN VALUES OF HORMONES STUDIED IN NORMAL AND

LEPROUS NEW GUINEA MALES

Urinary total Urinary total Plasma-
Subjects gonadotrophins oestrogens testosterone

(mouse units/24 hr.) (p.g./24 hr.) (p.g./100 ml.)

Normal males 12-3 11-4

Leprous males . . 39-4 8-6 0-86
Leprous males with

gynecomastia . . 103 0 7-3 0-41

measured in all subjects. There was no evidence of
significant bacterial contamination in any of the urine-
samples. The findings are summarised in table II, which
shows that the levels of urinary gonadotrophins rose
progressively from normal subjects to leprous patients
without gynecomastia to hypogonadal levels in patients
with gynecomastia. The differences between each group
were significant at the 5°„ level, and that between normals
and leprosy patients with gynecomastia at p—<0-01.
There was an associated slight fall in urinary oestrogen
excretion, but the normal male pattern of metabolites with
oestriol predominating was preserved in nearly all patients.
There was a significant fall (p =<0-01) in plasma-
testosterone in the presence of gynaecomastia and testicular
atrophy, but in those patients without gynsecomastia it was
within the normal male range.

Comment
The hormonal changes in leprous endocrinopathy

appear to have not been studied in detail previously.
Grabstald and Swan (1952) reported elevated gonado¬
trophins and normal 17-ketosteroids in two patients, one
of whom had gynaecomastia. The present study has shown
that, in the presence of gynaecomastia and clinical testicular
atrophy, men with leprosy have elevated urinary gonado¬
trophins, reduced plasma-testosterone, and slightly
reduced urinary oestrogens when compared with normal.
Of particular interest was the trend observed for leprous
patients without clinical evidence of gynaecomastia or
testicular atrophy to have urinary gonadotrophin levels
higher than normal men of the same age and also slightly
reduced oestrogen excretion, but normal plasma-testo¬
sterone.

The similarity between the histological lesions of the
testes in leprosy and Klinefelter's syndrome was first
commented on by Grabstald and Swan (1952). They
stressed that the tubules were involved first by the disease,
and that these then were obliterated by hyaline deposition
associated with endarteritis with associated clumping of
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the Leydig cells. The final stage was one of generalised
fibrosis. Job (1961) attempted to correlate the testicular
lesion in leprosy with gynecomastia and noted that, of
twenty cases, all had tubular hyalinisation, most had gross
atrophy, and the majority had prominent clumping of
Leydig cells. The reason for the predilection for tubular
involvement in leprosy is obscure, but Tilah (1968) has
suggested that it may represent a hypersensitivity reaction.

The levels of urinary gonadotrophins and oestrogens and
of plasma-testosterone that we have found in patients with
leprosy and gynecomastia and testicular atrophy are very
similar to those reported in Klinefelter's syndrome (Giorgi
and Sommerville 1963, Hudson and Coghlan 1968) and
thus tend to substantiate the observed histological
similarity. Since the testis is invaded in 90% of patients
with leprosy (Grabstald and Swan 1952) the finding that
those without clinical testicular disease or gynecomastia
had higher gonadotrophins and lower oestrogens than
normal men suggests that they also have some functional
testicular involvement.

It seems likely that the mechanism of gonadotrophin
elevation and estrogen decrease observed in these patients
is the same as in Klinefelter's syndrome, but whether the
two are directly related as a feed-back system or are due
to a lack of the proposed tubular hormone " inhibin "
(McCullagh and Schaffenburg 1952, Johnsen 1964) is
unknown. The endocrine and pathological changes in
leprous orchitis may provide a model by which more
information both on this intriguing problem and on the
pathogenesis of gynecomastia could be obtained.

The help of the Matron and staff of Gemo Hospital, the technical
assistance of Mrs. A. Mirovics, Miss M. Smith, and Miss L. Peyton,
and the assistance of Organon Australia in shipping specimens are
acknowledged with thanks. The work was in part supported by
grants from the National Health and Medical Research Council of
Australia.

Requests for reprints should be addressed to F. I. R. M.,
Endocrine Department, P.O. Royal Melbourne Hospital, Victoria,
3050, Australia.
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Hormonal Activity of "Non-Functional" Ovarian Tumours
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Royal Women's Hospital and
Department of Obstetrics and Gynaecology, University of Melbourne

At one time it was believed that the only
ovarian tumours which possessed hormonal
activity were those of mesenchymal origin.
However, more recently there have been
numerous reports that some of the so-called
non-functional tumours such as the Brenner
tumour, pseudomucinous cystadenoma,
serous cystadenoma, cystadeno-fibroma and
primary or secondary carcinoma of the ovary
are also capable of elaborating ovarian hor¬
mones (Biggart and Macafee, 1955; Posh-
yachinda et ah, 1960; Scully and Richardson,
1961; Fox 1965; Eddie, 1967). Much of
the evidence for the hormonal activity of
these tumours has been based upon histories
of menstrual disturbances, postmenopausal
bleeding, alteration of libido and signs of
virilism as well as objective findings on en¬
dometrial histology and vaginal cytology,
and all of this could be invalidated because
of the action of non-hormonal factors. That
endometrial histology may give misleading
positive assessment is indicated by reports
that an active endometrium is found in 1 to
3% of postmenopausal women in whom
there is no evidence of ovarian pathology
(Eddie, 1967; Fathalla, 1968). Few studies
have included more direct measurements of
hormone production, and only 10 cases
could be found in the literature in which
levels of urinary oestrogen or pregnanediol
excretion were reported (Turunen, 1955;
Brown et al., 1959; Shaaban et ah, 1960;
Brown and Matthew, 1962; Woodruff et ah,
1963; Scott et ah, 1967).

The present paper reports a study of 16
patients with ovarian tumours; hormone pro¬
duction was assessed by the measurement of
urinary oestrogen and pregnanediol excre¬
tion before and after operative removal of

^Present address: Department of Obstetrics and
Gynaecology, Lady Hardinge Medical College,
New Delhi, India.

the tumour, which was possible in all except
2 of them. The results are compared with
assessments made from the clinical history,
vaginal cytology, and endometrial histology.

Procedures

Methods

Urinary oestrogens were measured by the
rapid method of Brown et ah (1968). By
this method, the range for normal post¬
menopausal women is 1.6-15.7 p,g. "total"
oestrogens per 24 hours (mean 6.7 ± 3.5
S.D.), and for normally ovulating women
the values fluctuate from 7-104 jug. per 24
hours in a regular pattern throughout the
menstrual cycle. Results at variance with
the other findings were further checked
by the method of Brown et ah (1957).

Urinary pregnanediol was measured by
gas-liquid chromatography using the method
of Cox (1963). By this method the values
found in normal postmenopausal women
and during the follicular phase of the men¬
strual cycle range between 0.1 and 1.3 mg.
per 24 hours. Normal luteal phase levels
lie between 2.0 and 8.0 mg. per 24 hours.

Smears for vaginal cytology were taken
from the lateral vaginal wall pre-operatively
and again on the last day of the patient's
stay in hospital and, when possible, 6 weeks
postoperatively. The cells were stained by
the Papanicolaou technique and the matura¬
tion index (M.I.) or karyopyknotic index
(K.P.h) was calculated, the criterion for a
pyknotic cell being a nucleus 2p. or less in
diameter. In some patients inflammation
was present and no assessment was possible.

Histology of the endometrium and the
ovarian tumour was performed whenever
tissue was available.

Complete 24-hour specimens of urine
were collected once or, when possible, twice
before operation, one of these being the day
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on which vaginal cytology was performed.
Collections were continued after operation
until discharge from hospital approximately
10 days later; another specimen was col¬
lected after a further interval of 4-6 weeks.

Patients

The series consisted of 16 patients with
ovarian tumours, in whom complete pre-
and post-operative hormonal assessments
were performed. Six other patients with
ovarian tumours were admitted to hospital
during the same period of study, but were
not completely investigated and were there¬
fore not included in the present series which
otherwise was a prospective study of con¬
secutive patients. Nine of the 16 patients
were 13 to 25 years past the menopause and
the remaining 7 were premenopausal.

Results

The results are summarised for the 9

postmenopausal patients in table 1 and
figure 1, and for the 7 premenopausal
patients in table 2 and figure 2.
Illustrative Case Reports

1. In Case No. 3 the patient was a multi-
gravida aged 67 years who complained of
abdominal swelling and backache of one
year's duration. The menopause had occur¬
red at the age of 52 years and there had
been no postmenopausal bleeding. Abdo¬
minal and pelvic examination revealed a
large cystic mass rising from the pelvis to
2 cm. above the umbilicus. The vagina
appeared to be well oestrogenized and the
M. I. was 6/87/7. Total urinary oestro¬
gen excretion measured twice before opera¬
tion was 17 fig. per 24 hours on each oc¬
casion and urinary pregnanediol levels were
0.9 and 0.8 mg. per 24 hours. At laparotomy
a large ovarian tumour was found on the left
side and bilateral salpingo-oophorectomy
and total hysterectomy was performed. His-
topathology showed the tumour to be a
mucinous cystadenoma; the endometrium
was hyperplastic, becoming atypical in some
areas. Vaginal cytology repeated 10 days
after operation showed a M.I. of 0/98/2.
Six weeks after operation the urinary
oestrogen and pregnanediol levels had

fallen to 6.6 fig and 0.3 mg. per 24 hours,
respectively.

2. In Case No. 4 the patient was a nulli¬
para aged 50 years who was admitted to
hospital because of pain in the lower abdo¬
men for 2 weeks. The menopause had
occured at the age of 35 years and there had
been no postmenopausal bleeding. Abdo¬
minal and pelvic examination revealed a
pelvic mass and a well oestrogenized vagina.
The M.I. was 0/65/35. Pre-operative
urinary oestrogen excretion measured on 2
occasions was 36 and 26 fig. per 24 hours
and the pregnanediol values were 1.3 mg.
and 1.1 mg. per 24 hours. Bilateral sal¬
pingo-oophorectomy and total hysterectomy
was performed. Histopathology showed the
ovarian tumour to be a proliferative mucin¬
ous cystadenoma; the endometrium was
cystic and atrophic and an endometrial polyp
was also present. Vaginal cytology re¬
peated 7 days and 4 weeks after the opera¬
tion showed a gradual change in the M.I.
first to 4/78/18 and then to 0/94/6. Urin¬
ary oestrogen and pregnanediol levels fell
within a week after surgery and 4 weeks
later were 2.4 fig and 0.2 mg. per 24 hours,
respectively.

3. In Case No. 7 the patient was a multi-
gravida aged 74 years with a history of post¬
menopausal bleeding of 6 weeks' duration
and abdominal distension for 4 weeks. The

menopause had occurred at the age of 50
years. Abdominal examination revealed
ascites, and vaginal examination showed an
irregular, hard, fixed pelvic mass and an
atrophic vagina. The M.I. was 0/100/0.
Cells suggestive of adenocarcinoma were
obtained on abdominal paracentesis. Oestro¬
gen and pregnanediol estimations performed
on 2 occasions at an interval of 1 week
were 62 fig. and 50 fig. per 24 hours and
0.6 and 0.3 mg. per 24 hours, respectively.
The patient was considered to be unsuitable
for surgical treatment, and was given therapy
with cytotoxic drugs. Urinary oestrogen
and pregnanediol levels 6 weeks later were
41 fig. and 0.5 mg. per 24 hours, respec¬
tively.

4. In Case No. 9 the patient was a multi-
gravida aged 63 years who had had post¬
menopausal bleeding and lower abdominal



Table1.HormonalStalusinPostmenopausalWomenwith"Non-functional"OvarianTumours CytologyUrinaryoestrogensUrinarypregnanediol
M.I.orK.P.I.(mg.per24hr.)(mg.per24hr.)

Case

Age

Vaginal

Before

After

Before

After

Before

After

Endometrium
TypeoftumourOperation

no.

bleeding

operation
operation*
operation
operationt
operation

operation*

1

64

+

t

t

3.0

1.6

0.3

0.2

Atrophic cysticendo¬ metrium& adenocarcin¬ oma

Papillarycysta- denocarcinoma
B.S.O.& hysterectomy

2

68

nil

KPI0%

KPI2%

8.5

4.6

0.6

0.5

Endometrial polyp

Mesonephroma
B.S.O.& hysterectomy

3

67

nil

6/87/7

0/98/2

17.0;17.0*

6.6

0.9;0.8*

0.3

Hyperplastic (atypicalin someareas)
Mucinouscyst- adenoma

B.S.O.& hysterectomy

4

50

nil

0/65/35

0/94/6

36.0;26.5*

2.4

1.3;1.1*

0.2

Atrophic cysticendo¬ metriumwith endometrial polyp

Mucinouscyst- adenoma

B.S.O.& hysterectomy

5

76

nil

KPI0%

KPI0%

9.6

1.1

0.6

0.1

—

Simplecyst

Oophorectomy

6

67

+

2/94/4

1/95/4

4.5

14.0

0.2

0.3

Adenocarci¬ noma

Oldendometrio-
ticcyst

B.S.O.& hysterectomy

7

74

+

0/100/0

61.8;50.0*

41.0

0.6;0.3*

0.5

—

AdenocarcinomaParacentesis, chemotherapy

8

75

+

0/100/0

—

6.0

3.8

0.4

0.2

Adenocarci¬ noma

Papillaryaden¬ ocarcinoma

Laparotomy &biopsy

9

63

+

0/93/7

54/46/0

144;131*

1.8

0.8;0.9*

0.1

Proliferative
Cystadenoma&
B.S.O.&

cystadenocarci- noma

hysterectomy

■(•Invalid;*Resultsof2pre-operativeurinecollections;(Lastcollection;B.S.O.=Bilateralsalpingo-obphorectomy.
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DAYS BEFORE AND AFTER OPERATION

Figure 1. Urinary oestrogen excretion before and
after operation in 9 postmenopausal women with
ovarian tumours. In Cases 7 and 8 inoperable

carcinomata were present.

pain for 6 days and sore breasts for 1 month.
The menopause had occurred at the age of
50 years. Examination revealed a pelvic
mass and a well oestrogenized vagina. The
M.I. was 0/93/7. Urinary oestrogen ex¬
cretion measured on 2 occasions before

operation was 144 \ig. and 131 /tig. per
24 hours, and urinary pregnanediol levels
were 0.8 and 0.9 mg. per 24 hours. Curet¬
tage showed a proliferative endometrium.
Bilateral salpingo-oophorectomy and total
hysterectomy was performed. Histopatho-

logy showed that the right ovary contained
a small cystadenoma and the left ovary a
serous cystadenocarcinoma. The uterus
contained regenerating endometrium and a
fibromyoma. Eight weeks after operation
the M. I. was 54/46/0 and the urinary
oestrogen and pregnanediol levels had fallen
to 1.8 fug. and 0.1 mg. per 24 hours, respec¬
tively.

5. In Case No. 13 the patient was a
multigravida aged 48 years who was admit¬
ted to hospital because of irregular vaginal



Table2.HormonalStatusinPremenopausalWomenwith"Non-functional"OvarianTumours CytologyUrinaryoestrogensUrinarypregnanediol M.I.(,ug.per24hr.)(mg.per24hr.)
Men-

Case no.

Age

strual disturb¬ ance

Before operation

After operation!

Before operation

After operation!

Before operation

After operation!
Endometrium
TypeoftumourOperation

10

34

nil

Compatiblewith menstrualpattern
Day11 23.9

10.6

Day11 0.9

1.6

Chocolatecyst
Cystectomy

11

31

yes

f

t

Day9 32.2

18

Day9 3.2

1.7

Fibromyoma
Mucinouscyst- adenoma

Oophorectomy

12

32

nil

Compatiblewith menstrualpattern
Day14 32.6

3.8

0.4

Cysticteratoma
Cystectomy

13

43

yes

t

0/96/4

39.8

4

1.6

0.1

Proliferative
Papillarycyst- adenoma

B.S.O.& hysterectomy

14

23

nil

0/95/5

1/80/19

Day4 21.3

35

0.3

0.6

Cysticteratoma
Cystectomy

15

20

yes

0/86/14

0/84/16

10.6

20.2

0.8

1.9

—

Cystadeno- fibroma

Cystectomy

16

39

*

t

0/98/2

11.5

7.4

0.2

1.3

—

Simpleserous
Cystectomy

cyst

■(•Invalid;*Posthysterectomy;!Lastcollection;B.S.O.=Bilateralsalpingo-oophorectomy.
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DAYS BEFORE AND AFTER OPERATION

Figure 2. Urinary oestrogen excretion before and after operation in 7 premenopausal women
with ovarian tumours. Ovarian tissue was conserved except in Case 13.

bleeding for 2 months and an abdominal
mass for 2 weeks. Eighteen months pre¬
viously, an ovarian cystectomy had been
performed for an ovarian tumour which was
associated with 6 weeks' amenorrhoea.
Menstruation had been regular since that
time. Abdominal and pelvic examination
showed a pelvic mass. The M.I. was in¬
validated by inflammatory changes. Pre¬
operative urinary oestrogen and pregnanediol
levels were 40 p,g. and 1.6 mg. per 24 hours,
respectively. Bilateral salpingo-oophorec-
tomy and total hysterectomy was performed.
Histopathology showed a papillary cystade-
noma of the ovary and a proliferative endo¬
metrium. Urinary oestrogen and pregnane¬
diol levels repeated 6 weeks later were 4.0
fjcg. and 0.1 mg. per 24 hours, respectively.

Discussion

Of the 9 postmenopausal patients, 4 had
preoperative urinary oestrogen values which
were above the normal range (Case Nos. 3,
4, 7 and 9). With the exception of 1
patient (Case 7), who was inoperable, the

values fell after operation to normal post¬
menopausal levels. All the pregnanediol
values before operation were within the
normal postmenopausal range, but the
majority also fell after operation to even
lower levels. In the 4 patients with elevated
oestrogen excretion, the endometrium
showed oestrogenic changes in 2, was atro¬
phic and cystic in 1 and was not examined
in 1, which illustrates the fact that endo¬
metrial histology does not necessarily re¬
flect the presence of an oestrogen-secreting
ovarian tumour. The vaginal cytology
showed definite oestrogenic changes in 1
patient (Case No. 4) in whom the endo¬
metrium was atrophic, slight oestrogenic
changes in 2, and the pattern was non-
oestrogenic in 1. Therefore, in this small
series, vaginal cytology was suggestive of
an oestrogen producing tumour in only 1
of 4 postmenopausal patients with raised
urinary oestrogen values. However, after
operation, the change in vaginal cytology
was indicative of the removal of an oestro¬

genic effect in one of the other 2 patients
tested (Case No. 9). In this patient the
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initial cytology had shown only a marginal
oestrogenic effect (M.I., 0/93/7) which had
changed markedly 8 weeks after operation
when the M.I. was 54/46/0. The possi¬
bility that the tumour had modified a pre¬
vious atrophic cytological pattern, such as
is seen in patients with senile vaginitis who
are receiving local therapy with oestrogens,
cannot be excluded, but from these results it
was apparent that vaginal cytology is of
limited value in the diagnosis of oestrogen-
secreting tumours, even in postmenopausal
patients.

The remaining 5 postmenopausal patients
had urinary oestrogen values which were
within the normal range, indicating absent
production from any source other than the
normal secretion by the adrenals. In these
5 patients, endometrial histology and vaginal
cytology also indicated absence of hormonal
stimuli. The only suggestion of hormonal
activity was the occurrence of vaginal bleed¬
ing in 3 patients and in each case this could
be explained by the presence of an associated
adenocarcinoma of the endometrium. There¬
fore, in these 9 postmenopausal patients,
vaginal bleeding was not a reliable indica¬
tion of hormonal activity as it was absent
when oestrogen levels were raised (Case
Nos. 3 and 4) and present when oestrogen
excretion was within the normal range (Case
Nos. 1, 6 and 8).

The proportion of hormonally active
tumours in the postmenopausal patients in
this study (4 of 9) is somewhat higher than
the figure of 21-40% reported for several
larger series (Wren and Frampton, 1963;
Eddie, 1967; Fathalla, 1968). These lower
incidences were however based on examina¬
tion of the endometrium and this could have
introduced some error into the calculations.
The other reports based on urinary studies
have dealt mainly with isolated cases and
therefore provide no information on incid¬
ence.

The 4 hormonally active tumours com¬
prised 2 mucinous cystadenomas, one adeno¬
carcinoma and one adenocarcinoma with

cystadenoma. This finding agrees with the
observations of other authors that increased
hormonal activity is more commonly
associated with adenocarcinoma, mucinous

cystadenoma, and Brenner tumours than
with the other so-called non-functional
ovarian tumours (Hughesdon, 1958; Brown
and Matthew, 1962; Eddie, 1967; Fathalla,
1968). In the present series no patient was
found to have a raised pregnanediol excre¬
tion although Scott and colleagues (1967)
have reported a patient with a Krukenberg
tumour in whom the urinary pregnanediol
excretion was 27 mg. per 24 hours.

The results obtained from the 7 premeno¬
pausal women were difficult to interpret,
since the operative procedures were aimed
at conservation of normal ovarian tissue.
All pre-operative oestrogen values were
within the range for the normal menstrual
cycle and compatible with normal ovarian
function. This applied also to the post¬
operative values which were not consistently
lower than the pre-operative values except
in 1 patient (Case No. 13) in whom bila¬
teral oophorectomy and total hysterectomy
was performed. The pre-operative urinary
pregnanediol values were in accord with
normal proliferative values in 4 patients,
intermediate ovulatory values in 1, luteal
phase values in 1 and the measurement
was not performed in 1. In general, vaginal
cytology and endometrial histology were in
agreement with the urinary steroid levels
in this group and little could be said con¬
cerning the functional capacities of the
tumours which were removed. The only
evidence of functional abnormality was some
disturbance of the menstrual pattern which
occurred in 3 patients (Case No. 11, hypo-
menorrhoea; Case No. 13, metrorrhagia; and
Case No. 15, menorrhagia). One patient
(Case No. 16) had already had a hysterec¬
tomy performed for functional uterine
bleeding.

Figures 1 and 2 show the changes in
oestrogen excretion which occurred in the
2 groups of patients after operation. Those
with raised values initially all showed a
well-defined fall to low values, whereas
those with low values initially showed a
transient rise during the 3-6 days after
operation, reaching values of 15-46 fig.
per 24 hours and then returning to the
original levels. This transient response to
operative procedures has been reported by
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Strong et al. (1956) and by Brown et al.
(1959). These workers explained the
phenomenon as being due to the increased
production of oestrogens by the adrenals
following the stress of the operation, and
showed that the effect could be simulated
by the administration of corticotrophin and
abolished by bilateral adrenalectomy.

Summary

Hormonal assessment by urinary oestro¬
gen and pregnanediol estimation, endo¬
metrial histology, and vaginal cytology was
performed in 9 postmenopausal and 7 pre¬
menopausal patients with "non-functional"
ovarian tumours. The variations recorded
in hormone excretion and vaginal cytology
after surgical removal of the tumours are
presented. Raised urinary oestrogen excre¬
tion was found in 4 of the 9 postmenopausal
patients and this fell to normal values after
operation in the 3 who were operable. The
tumours associated with increased oestrogen
excretion were mucinous cystadenomata (2)
and adenocarcinomata (2). It was apparent
that an oestrogen-secreting tumour cannot
be excluded by vaginal cytology when the
smear on presentation is non-oestrogenic
and also that endometrial histology may be
equally misleading.
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Many methods have been proposed for the hormonal

treatment of mammary carcinoma. These have included
bilateral oophorectomy, bilateral adrenalectomy, hypo-
physectomy, and the use of cestrogens or androgens
(Beatson 1896, Loeser 1938, Haddowetal. 1944, Huggins
and Bergenstal 1952, Luft and Olivecrona 1953). The
reasons why certain forms of therapy are beneficial
in some patients and harmful in others remain obscure.
For example, it is paradoxical that in some patients
favourable responses follow the administration of
synthetic osstrogens, whereas in others, who appear to he
clinically similar, the progress of the disease is accelerated.

It has been widely assumed that cases of breast cancer
may be divided into two main groups : (1) the " hormone-
dependent," in which a response is obtained with one or
some of the methods of treatment already enumerated,
and (2) the " hormone-independent," in which progress
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is apparently uninfluenced by these forms of treatment
(Huggins and Dao 1954).

This classification is probably too rigid, and may be
misleading. For example, failure to respond to cestrogens
may be regarded as " hormone independence," whereas
a favourable response might well have been obtained
by alternative forms of treatment, such as adrenalectomy
or hypophysectomy. Again, when treatment depends on
the complete removal of the sources of sex hormones,
failure to obtain a favourable response might result from
incomplete removal of these sources rather than from
any intrinsic character of the tumour itself.

Until recently there have been no reliable and truly
objective methods for assessing the sex-hormone status
of patients with mammary carcinoma, either before or
after treatment. This is one of the principal reasons why
treatment of the disease is still empirical. Within the
past few years methods have been developed in the
laboratory of the Clinical Endocrinology Research Unit
(M.R.C.) for the quantitative determination of oestrogens,
pregnanediol, and pituitary gonadotrophins in urine.
These techniques appear to be sufficiently reliable to
permit estimation of the excretion of these substances
in postmenopausal patients, amongst whom breast
cancer most frequently occurs.

Ovarian hormones, and cestrogens in particular, are
well known to influence the behaviour of some mammary
cancers, and it is clearly most important that this relation¬
ship should be examined as fully as possible. Progesterone
is secreted by the corpus luteum of the ovary and has
also been isolated from ox adrenals. This hormone is
known to modify the biological activity of the cestrogens,
and the measurement of urinary pregnanediol is a
convenient method of studying one of the excretion
products of progesterone. When a luteal or placental
origin can be excluded, the estimation of urinary preg-
nanediol has also been found to provide a useful index
of adrenocortical activity (Klopper, Strong, and Cook
1956). The assay of urinary gonadotropliin is the only
satisfactory direct measure of pituitary activity at
present applicable to mammary cancer. It has been
suggested that these estimations may be of prognostic
value in this disease (Segaloff et al. 1954). For these
reasons, therefore, the excretion of all these substances
in the urine of patients with carcinoma of the breast is
being studied.

The patients in the present investigation had been
treated by mastectomy when considered appropriate,
radiotherapy, oestrogens, or androgens, and only when
they had failed to respond favourably to the simpler
and more conventional forms of therapy were they sub¬
jected to bilateral adrenalectomy and oophorectomy.
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Our chief aim has been to compare the pattern of
hormone excretion in patients who responded favourably
to adrenalectomy and oophorectomy with that in patients
who did not respond to these operations. Hormone
excretion after the infusion of intravenous corticotropliin
(a.c.t.h.) has also been studied as a test of the presence
of any adrenocortical tissue which might remain after
operation. Details are given of the output of hormones
by a postmenopausal patient before, during, and after
bilateral adrenalectomy and oophorectomy.

Methods

GSstrogens in urine were estimated by the method
of Brown (1955a). This procedure measures cestrone,
(estradiol-17 (3, and oestriol. Though the accuracy of the
method decreases when the amount of each oestrogen
present is less than 5 pg. per twenty-four hours, results
above 1 p.g. of oestrone and oestradiol-17(3, and above l-5p.g.
of oestriol probably retain definite quantitative significance
(British Empire Cancer Campaign 1950). It should be
emphasised that two other oestrogens known to occur
in human urine are not estimated by this method—
namely, 16-epioestriol (Marrian and Bauld 1955) and
lOa-hydroxyoestrone (Marrian et al. 1956).

Pregnanediol (5(3-pregnane-3a : 20a-diol) was measured
by the method of Klopper, Michie, and Brown (1955).
This method is more sensitive and more specific than any
previously published. It will measure accurately
amounts of pregnanediol as small as 0-5 mg. in a twenty-
four-hour collection of urine. It is therefore capable of
measuring the changes in the excretion of pregnanediol
arising from the adrenal as well as from the ovary and
placenta. Amounts of pregnanediol less than 0-25 mg.
per twenty-four hours' urine cannot be recovered by
the method used, and between 0-25 and 0-5 mg. per
twenty-four hours the recoveries are poor. Ilence values
of less than 0-25 mg. per twenty-four hours (including
some of the post-adrenalectomy findings) cannot be
regarded as a certain index of the presence of pregnanediol,
and the quantitative significance of values below 0-5 mg.
per twenty-four hours is also doubtful.

In all the patients in this series the ovaries were
removed as well as the adrenals. The results shown in
fig. 1 were obtained from a postmenopausal patient aged
69. It is likely that the pregnanediol measured originated
from the adrenals. The role of the adrenals in the pro¬
duction of urinary pregnanediol has been described
elsewhere (Klopper et al. 1956).

17-lcetosteroids were measured by the method recom¬
mended by the Committee on Clinical Endocrinology
(Medical Research Council 1951).
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Gonadotrophins.—Assays were conducted by the tech¬
nique described by Loraine and Brown (1956). The
end-point of the bio-assay depends on the enlargement
of the uterus in intact immature mice. This test is not
specific for either follicle-stimulating hormone or inter¬
stitial-cell-stimulating hormone and probably measures
a mixture of both activities. Results of assays were

Fig. I—Excretion of hormones by woman, aged 69, undergoing bilateral
adrenalectomy and oophorectomy in two stages.
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expressed in terms of human menopausal gonadotropin
as h.m.g. units per twenty-four hours (Loraine and
Brown 1956). The standard (ii.m.g.-20a) was prepared
by Messrs. Organon from the urine of menopausal and
postmenopausal women. One unit was defined as the
activity contained in 1 mg. of the standard preparation.

After estimation of the steroid hormones the remaining
urine of each day's collection was combined in forty-
oight-hour or seventy-two-hour samples to obtain
sufficient material for gonadotropin assay. The normal
excretion range in postmenopausal women aged 50-70,
estimated in this laboratory, lies between 19 and 102
units (h.m.g.-20a) per twenty-four hours (P = 0-95)
(unpublished observations).

Eosinopliil-counts were done on capillary blood before
and during the infusion of corticotropin.

Cortico -

trophin was
given by
continuo u s

intravenous
infusion for

forty-eight
hours. IOi.u.
of a prepara-
tion made

by Messrs.
Armour and
certified as

suitable for
intravenous
use was dis¬
solved in a

pint of iso¬
tonic glucose-
saline solu¬
tion immedi¬
ately before
use. A total
of 60 i.u. per
forty-eight
hours was

infused at a

rate of 10
units per
eight hours.

<0 ^

^ |
§ 150

100 ■

^3-2-:

CORTISONE 37-5 mg.daily po.

C0RTIC0TR0PHIN i.v.
3 0 i.u. per 24 hr.

80
6 0
50

So £ 40
30

Q.3 - s-

Fig. 2—Effect of intravenous corticotrophin on
excretion of hormones after adrenalectomy and
oophorectomy in patient aged 58.

Clinical assessment of the response to operation was
made by at least two observers, and for the purpose of
this paper the patients have been divided into two
groups—namely, those in whom there was no reasonable
doubt that a remission of disease had occurred, and the
remainder. The second group includes patients in whom
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the progress of the disease may well have been slowed,
but none of these showed definite regression of the lesions
present before operation.

Results

Hormone Excretion at the Time of Adrenalectomy
The findings of a single typical case are shown in fig. 1.

The patient, aged 69, had a large inoperable tumour of the
right breast, which was eroding the overlying skin. She
had been treated for six weeks with stilbcestrol dipro-
pionate 5 mg. twice daily, but the condition of the
tumour deteriorated. Subsequently she received six
weekly injections of testosterone phenyl propionate
100 mg. without obvious effect on the tumour. As
improvement did not follow these simpler forms of
treatment, bilateral adrenalectomy and oophorectomy
was performed in two stages. Thereafter the tumour
showed a striking degree of regression.

Immediately before the first operation the patient was
excreting amounts of oestrogens, pregnanediol, and 17-
ketosteroids which were within the normal range for
a patient in this age-group. After removal of the first
adrenal, there was a considerable increase in the excretion
of both cestrogens and pregnanediol but little change in
the output of 17-ketosteroids. Similar increases have
been observed in other patients with intact adrenals
after operation. It is likely that in this patient the
source of these hormones was the single remaining
adrenal rather than the ovaries, and that this gland had
responded in the usual way to the stimulus of operation
by an increased output of hormone.

For three days before removal of the second adrenal
and both ovaries the patient was given a single daily
injection of 100 i.u. of corticotrophin ('Actlia.r gel').
The marked rise in the excretion of cestrogens and
pregnanediol, and to a slight extent of 17-ketosteroids,
which again followed is typical of the response found
after adrenal stimulation by corticotrophin or by
operative trauma (unpublished observations). The out¬
put of these hormones in the urine declined rapidly in
the seven days following the second operation.

It will be noted that, whereas the excretion of cestrogens
and pregnanediol was maximal on the day preceding the
second operation, when corticotrophin was being given,
the greatest amount of 17-ketosteroids was excreted on
the day of operation. On that day the patient received a
large quantity of cortisone (500 mg.) by intramuscular
injection ; and probably these large quantities of 17-keto¬
steroids were to some extent metabolic products of
cortisone.

Gonadotrophin excretion remained relatively low, for a
patient of this age, throughout the period of these
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operations. The output before any treatment had been
given was considerably greater, and the low excretion
at the time of adrenalectomy may have been the result of
earlier treatment with stilbcestrol and testosterone phenyl
propionate.
Hormone Excretion after Bilateral Adrenalectomy and
Oophorectomy

The main purposes of this investigation were to seek
evidence of residual adrenocortical tissue after bilateral
adrenalectomy, and to compare the "successes" with
the " failures."

13 patients have been examined at intervals ranging
from six weeks to fifteen months after operation. Of
these, 8 were classified as " successes " and 5 as " failures."
One of the " failures " had survived operation by fifteen
months, and another by almost eleven months at the
time of this examination, but both have since died of
tlieir disease.

The procedure adopted is illustrated in fig. 2. During
the period of observation the patients, with one exception,
were maintained on 25-50 mg. of cortisone daily. The
exception (the only male in the series) had responded
particularly well to adrenalectomy following orchid-

ectomy a year
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(a *

£*• 2
s ^
5 sh I

0

TUMOUR TUMOUR
REMISSION UNCHANGED

•

: ^
-

BEFORE WITH BEFORE WITH

earlier. Dur¬

ing the period
of postopera¬
tive investiga¬
tion he was

maintained on

1-1-5 mg. of 9a-
fluorohydro-
cortisone daily
by mouth.

Urine was

collected for a

control period
of at least
f orty-eight

hours. Thereafter a continuous intravenous infusion
of corticotrophin was given, as already described.

The results of the assays are shown in summary form
in figs. 3-9, in which the mean excretion of hormone
during the two days of corticotrophin infusion is compared
with the mean for the preceding control period. These
readings have been divided into two groups according
to the clinical assessment of the patients from whom
they were obtained.

(Estrogens.—It is apparent from figs. 3-6 that measur¬
able amounts of oestrogen were being excreted by several
of the patients. In figs. 3-7 a broken horizontal line

CORTICOTROPHIN

Fig. 6—Effect of corticotrophin on excretion of
oestriol after adrenalectomy and oophorectomy.
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has been drawn, and results lying on or above this are
considered quantitatively significant, as defined in the
section on methods. It will be seen that there was no

apparent difference in oestrogen excretion between the
two clinical groups.

Preliminary observations in another series of patients
showed that administration of cortieotrophin before
adrenalectomy was followed by increased excretion of
cestrogens, and fig. 1, taken from a patient with one
adrenal, shows this effect. In the adrenalectomised
patients, infusion of corticotrophin was not followed by
any consistent and significant increase in the excretion
of oestrogen. It seems reasonable to conclude there¬
fore that the operation was complete in all the cases,
and that the small amounts of apparent oestrogen present
in the urine of the patients under consideration did not
come from adrenocortical tissue. The evidence which
follows also supports this conclusion.

Pregnanediol.—In this group of patients, neither
those who responded to adrenalectomy and oophorectomy
nor those who were unaffected by the operation showed
any increase of pregnanediol output when given cortico¬
trophin (fig. 7). In so far as a response to corticotrophin
would indicate the presence of adrenal tissue, it may be
assumed that the operation was complete in all the cases.
Failure to influence the progress of the disease cannot
therefore be attributed to incomplete removal of the
adrenocortical tissue.

17-Ketosteroids.—A proportion of the neutral 17-keto-
steroids excreted in the urine may be derived from
cortisone. Since all but one of these patients continued
to take their usual maintenance dose of cortisone during
this investigation, the quantities of 17-ketosteroids
excreted can probably be accounted for as metabolic
products of administered cortisone (fig. 8).

Oonadotrophins.—Although the number of observations
is relatively small (fig. 9) there is no apparent difference
between the two clinical groups.

Eosinophils.—The absence of a significant decrease in
the number of eosinophils in the blood after an intra¬
venous infusion of corticotrophin lasting forty-eight
hours is strong supporting evidence of adrenal insuffici¬
ency. From fig. 10 it is clear that, by this criterion, none
of these patients retained appreciable amounts of
adrenocortical tissue.

Discussion

The clinical value of ablation of the ovaries, the
adrenals, and the hypophysis, as well as the use of
cestrogens and androgens, in controlling for a time the
growth of certain mammary cancers, has already been
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established. Many suggestions have been made to
explain why
some patients
do not res¬

pond to these
procedures,
while others
are much im¬
proved, only
to succumb
later to a

recrudescence
of their
disease. Few
hormone
assays have
been reported
to support
these sug¬
gestions. Dao (1953) and Smith and Emerson (1954)
estimated oestrogen in urine by biological methods in
patients with mammary carcinoma. Jessiman and Moore
(1956) recommended the use of such oestrogen assays,
and suggested in addition that gonadotrophins shoidd be
determined by the method of Klinefelter et al. (1943).
It is now widely recognised that such methods can at
best be described as semiquantitative and should probably
not be used in investigations of this type. The results
reported here were obtained by methods that satisfy
the criteria of accuracy, precision, sensitivity, and
specificity defined by Borth (1952).

It was found that measurable, though small, amounts
of oestrogens and pregnanediol were being excreted by
some of these patients after bilateral adrenalectomy and

oophorec¬
tomy. The
levels of
oestrogen
and preg¬
nanediol in
the urine
after adren-
alectomy
could not be
correlated
with the
response of
the disease
to the oper¬
ation.

The evi¬
dence that.
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Fig. 10—Effect of corticotrophin on number of
eosinophils in capillary blood (average of two daily
counts).
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tlie methods used for the determinations are valid
was derived mainly from a study of normal urine;
it might he argued that such methods might not
he applicable to the quantities of steroids found in
urine from adrenalectomised and oophorectomised
patients. The chromogenic materials measured as
cestrogens and prcgnauediol in the urine of these adrenal¬
ectomised patients are too small for chemical charac¬
terisation, and their nature cannot at present he regarded
as established. Greenwood and liulbrook (1956), using
Brown's method for oestrogen assay, found even larger
quantities of oestrogen than those reported here in the
urine of some patients after adrenalectomy. Bulbrook
et al. (1956) claim to have demonstrated cestrogenic
activity by biological means in the urine of some patients
subjected to bilateral adrenalectomy and oophorectomy.
If the steroid excretion of patients who responded well
to operation differed substantially from that of patients
who did not do so, the methods used in the present
study should have been sufficiently reliable to show such
a difference.

It has been suggested that a possible cause of lack of
response to adrenalectomy is the persistence of fragments
or rests of aberrant adrenocortical tissue. These might
continue to produce the hormones which the operation
was designed to eliminate. Graham (1953) found histo¬
logical evidence of adrenocortical tissue in the region of
the cceliac artery in 32 of 100 necropsies. Falls (1955)
found similar tissue in the broad ligament on 7 of 30
consecutive gynaecological laparotomies. Tho infusion
of intravenous corticotrophin is claimed to be the most
powerful stimulus to adrenocortical tissue at present
available (Bayliss and Steinbeck 1954). If the small
amounts of apparent ocstrogens and pregnanediol found
in the urine of adrenalectomised patients in the present
study were derived from aberrant adrenal tissue, or from
fragments not removed at operation, the output of such
steroids should have been increased by intravenous
corticotrophin ; yet none of the adrenalectomised
patients showed a definite increase of excretion, nor did
they show any appreciable decrease in eosinophils. It
is therefore reasonable to conclude that the operation
was complete, and that no functional adrenocortical
tissue remained. If the substances measured were

indeed 5(3-pregnane-3a : 20a-diol, (estradiol-17 [3, cestrone,
and cestriol, the site of origin of these steroids remains
obscure. The possibility that they are derived from
adrenal rests which do not respond to stimulation by
corticotrophin cannot be entirely disregarded.

The absence of any difference in hormone excretion
between the " success " and " failure " groups might be
interpreted in more than one way. For example, one
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tumour may be susceptible to endocrine influence, whereas
another, although histologically indistinguishable, may
not. It is a matter of common clinical experience that
one factor likely to influence the growth of mammary
carcinoma is some alteration in hormonal environment.
This may be produced either by the administration of
hormones or by the removal of hormone-secreting tissue.
The amounts of oestrogen excreted by some of these
pationts after adrenalectomy are in the same range as
has been found in apparently normal postmenopausal
women (Brown 1955b); and perhaps tho operation led to
little change in environment.

It is well recognised that those patients, almost without
exception, ultimately succumb to a recrudescence of their
disease, however well they may have responded initially
to endocrine therapy. It is j>roblematical whether such
a recrudescence results from some change in tho tumour
itself or from a hitherto undetected alteration in hormonal
environment. Furthermore it is possible that the growth
of mammary tumours may be influenced by endocrine
factors that have not been considered in this study.

Summary
The excretion of three cestrogens, pregnanediol,

17-ketosteroids, and pituitary gonadotrophins has been
studied in 13 patients who had previously undergone
bilateral adrenalectomy and oophorectomy for mammary
carcinoma. The pationts were classified into two clinical
groups depending on their response to operation.

The pattern of hormone excretion in patients who
responded favourably to the operations did not differ
from that in patients who showed no improvement after
removal of both adrenals and ovaries.

When an intravenous infusion of corticotrophin was
given, none of the patients showed any response measur¬
able by the assay methods used.

It is concluded that the small amounts of hormone
excreted by these patients after operation were not
derived from adrenocortical tissue.

The excretion of sex hormones by a postmenopausal
patient before, during, and after bilateral adrenalectomy
and oophorectomy is described.

We are greatly indebted to tho Melville Trust, whoso
generous financial support made this investigation possible,
and we gratefully acknowledge tho close collaboration of
numerous colleagues and assistants.
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From the Western General Hospital, Edinburgh,
the Departments of Medicine, Surgery, Radiotherapy and
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THE EXCRETION OF PITUITARY GONADOTROPHINS,
OESTROGENS, PREGNANEDIOL AND NEUTRAL 17-KETO-

STEROIDS IN THE URINE OF PATIENTS WITH

METASTATIC AND RECURRENT MAMMARY CARCINOMA

By

J. B. Brown, J. Bruce, Mary Douglas, A. Klop/jer,
]. A. Loraine and ]. A. Strong

A comprehensive investigation of the relation between carcinoma of the breast
and the excretion of sex hormones is in progress, and is being integrated with
a similar programme in Stockholm under the direction of Professor A, Westman.

METHODS

Pituitary gonadotrophins in urine were assayed by the method of Loraine &•
Brown (1956). Oestrone, oestradiol-1 and oestriol were measured as described
by Brown (1955). Pregnanediol was measured by the method of Kloj>l>er, Michie
&• Brown (1955), and neutral 1 7-ketosteroids as recommended by the Medical
Research Council Committee on Clinical Endocrinology (1951).

This report is concerned with the findings in a group of 13 patients with
recurrent or metastatic mammary carcinoma, who were examined at intervals
of between six weeks and fifteen months after bilateral adrenalectomy and
oophorectomy. Of these patients 8 had shown an objective remission following
these operations and 5 had failed to derive any apparent benefit.

Hormone excretion was studied for two days while the patients continued
to take their usual maintenance dose of 25-50 mg. of cortisone daily, and for
a further two days during which in addition they were given a continuous
intravenous infusion of corticotrophin (ACTH) at a rate of at least 1 i. u.

per hour.
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No consistent difference was found between the hormone excretion of

patients who responded well to operation and those who failed to do so.
When an intravenous infusion of corticotrophin was given to these patients,

the assay methods used failed to show any evidence of an adrenocortical
response.

It was concluded that although small amounts of apparent steroid continue
to be excreted after bilateral adrenalectomy and oophorectomy, these do not
appear to be derived from normal adrenocortical tissue.

The substance of this paper, of which this a summary, is being published in
the Lancet, ii, 955, 1956.
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SUMMARY

1. The effect of the administration of adrenocorticotrophic hormone (ACTH) before and
after adrenalectomy on the excretion of oestrone, oestradiol-17jS and oestriol in the urine has
been studied in twelve patients with recurrent or metastatic breast cancer.

2. When the adrenals were intact the intravenous infusion of ACTH for 48 hr produced a
three- to ninefold increase in the output of urinary oestrogens. Adrenalectomy completely
abolished this response.

3. Adrenalectomy reduced the excretion of oestrogens.
4. There was no apparent correlation between the response of the disease to adrenalectomy

and the output of urinary oestrogens.
5. These findings are discussed with particular regard to the limitations of the assay method

employed.

In 1952, Huggins & Bergenstal reported remission in the growth of metastatic
mammary carcinoma in a proportion of patients submitted to adrenalectomy, but
avoided offering a definite opinion on the mechanism involved. Since then, the
operation has been extensively practised for the control of recurrent and metastatic
mammary carcinoma. It is widely assumed that the success of adrenalectomy can
be attributed to the removal of the remaining source of oestrogenic hormones from
postmenopausal patients, or from patients after castration.

The belief that the human adrenals are sources of oestrogens is based on several
lines of evidence. Beall [1940] isolated oestrone in pure form from ox adrenals.
Feminization in men and increased urinary oestrogen excretion have been found in
association with adrenal tumours or adrenal hyperplasia. Treatment of the adrenal
hyperplasia with cortisone or removal of the adrenal tumours reversed the feminizing
changes in the men and reduced the urinary oestrogen excretion to normal values
[see, for example, Simpson & Joll, 1938; Diczfalusy & Luft, 1952; Dohan, Rose,
Eiman, Richardson & Zintel, 1953; Migeon, 1953]. However, these findings apply
only to the adrenals of the ox and to abnormal adrenals or adrenal tumours in man.
Perhaps the best evidence that normal human adrenals produce oestrogens has been
derived from experiments in which corticotrophin (ACTH) has been administered to
oophorectomized women with intact adrenals. Under these conditions an increased
output of urinary oestrogens occurs, presumably as a direct result of stimulation of
the adrenal cortex by the ACTH. Such experiments have been reported by Strong,
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Brown, Bruce, Douglas, Klopper & Loraine [1956], Breuer, Nocke & Bayer [1959] and
West, Damast & Pearson [1958], The first two groups of workers measured the output
of urinary oestrone, oestradiol and oestriol by the method of Brown [1955 a] or of
Brown, Bulbrook & Greenwood [1957 6], West et al. employed an exhaustive series of
tests, which included countercurrent distribution, paper chromatography, derivative
formation, fluorimetry and biological assay, to identify and measure the urinary
oestrogens. There can therefore be little doubt about the validity of the general
results obtained. These studies were performed on small numbers of subjects, all of
whom were patients with metastatic breast cancer, and the ACTH was administered
by the intramuscular route.

The main purpose of the present investigation was to obtain further information
on the secretion of oestrogens by the human adrenals when stimulated with ACTH.
The study involved twelve women, all of whom were suffering from metastatic breast
cancer and who were being treated by oophorectomy and adrenalectomy. Relatively
large doses of ACTH were administered i.v. over a 2-day period to these patients,
usually after oophorectomy, and the response of the adrenals was measured by
estimating the increase in the amounts of oestrone, oestradiol and oestriol excreted
in the urine. In this way an attempt was made to assess the maximum capacity of the
adrenal cortex to secrete oestrogens under stimulation, and to correlate this later
with the clinical response of the patient to adrenalectomy. At the same time further
information has been obtained on the effects of oophorectomy and adrenalectomy on
the output of urinary oestrogens. ACTH was administered to some of the patients
after adrenalectomy to determine whether any part of the response obtained before
operation could be detected.

A preliminary account of this work has already been published [Brown & Strong,
1958],

METHODS

Urinary oestrogens were measured by the method of Brown [1955a] as modified by
Brown et al. [1957 6], This method measures only three urinary oestrogens, oestrone,
oestradiol-17/3 and oestriol, and in this paper the term 'total oestrogens' implies the
sum of these three. It does not measure any of the more recently discovered oestrogens
such as 16-epioestriol, 16a-hydroxyoestrone or 2-methoxyoestrone. The reliability of
this method has been tested in a number of laboratories [Brown etal. 1957 a; Gallagher,
Kraychy, Fishman, Brown & Marrian, 1958], Provided the administration of certain
aperients is excluded, it appears that the method gives reliable results when the
amounts of individual oestrogens excreted are greater than approx. 3 /xg/24 hr. It has
been difficult to obtain evidence for or against the reliability of the method at levels
lower than this [Bulbrook, Greenwood & Williams, 1958], Nevertheless, in this paper,
results reported include figures < 3 pg/24 hr. Assays were performed on aliquots of
24 hr or 48 hr urine collections. Ideally, at least 1 week should be allowed to elapse
between the operation and the measurement of the new levels of oestrogen excretion,
but this was not always practicable.

The ACTH preparation used was 'Acthar' manufactured by Messrs Armour and
Co., and certified as passed for intravenous use. Approx. 15 i.u. were dissolved,
immediately before use, in bottles containing 500 ml. isotonic saline or glucose saline.
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This was given by continuous i.v. infusion at the rate of one bottle/8 hr-period or
approx. 2 i.u./hr. The whole infusion was timed to last 48 hr.

Bilateral oophorectomy was performed under a general anaesthetic through a
lower abdominal incision. Bilateral adrenalectomy was performed on all the patients
except case 5 who was treated by transfrontal hypophysectomy. In case 2, the
adrenals were removed in two stages by a posterior approach; in the remaining ten
cases, both adrenals were removed at one operation through a transverse upper
abdominal incision. Replacement steroid was given as shown in the figures. Those
patients who were given ACTH after adrenalectomy were generally receiving 37-5-50
mg cortisone acetate daily by mouth at the time.

All cases, except nos. 1 and 4, had undergone oophorectomy before the admini¬
stration of ACTH. In this way the ovaries were excluded as possible sources of
oestrogens. In cases 1, 4 and 12, oophorectomy was performed at the same time as
adrenalectomy.

All but two (cases 6 and 12) of the twelve patients received an i.v. infusion of ACTH
before adrenalectomy or hypophysectomy. ACTH was also administered to eight
patients at an interval of at least 11 days after bilateral adrenalectomy.

Further particulars of each case are summarized in Table 1.

Table 1. Summary of clinical particulars of patients studied

Case
no.

10

11

12

Age at
adrenal¬

ectomy
(years)

42

46

68

58

50

54

49

62

52

40

46

64

Age at natural
or artificial

menopause
(years)

(39
\DXT
(40
|dxt

45

51

45

( 46
1 oophorectomy

(46
(DXT

(52

(dxt
( 40

(oophorectomy
(46
(dxt
48

Parity
3

Duration of
clinical

response to
adrenal¬

ectomy
(months)
>16

18

4

>16

15

Previous
hormone
therapy

Testosterone

Testosterone

(Ethinyloestradiol
Testosterone

{StilboestrolCortisone

Stilboestrol

Stilboestrol

Testosterone

(Stilboestrol
(Testosterone
Testosterone

Cortisone

Stilboestrol

Principal sites
of metastatic

disease

Chest wall

Bones

Chest wall

Pleura

Pleura

Chest wall and glands

Bones

Pleura

Appearance of
ovaries at

oophorectomy
Active

Sclerosed

Sclerosed

Lungs and mediastinum Sclerosed

Sclerosed

Not noted

Sclerosed

Sclerosed

(Sclerosed
(Metastases noted

Skin, glands, bones

Skin, glands, pleura, bone Active

f Active
1 Metastases noted

Bones Sclerosed

DXT: deep X-ray therapy; 'active' ovaries: incompletely healed corpora lutea and early Graafian follicles found.
Cases 3, 5, 7 and 12: unmarried. Case 5: hypophysectomy performed; adrenals intact.
The primary tumour was treated by simple mastectomy followed by DXT in all cases except nos. 1 and 4. Case 1 was

inoperable and treated by DXT alone, and case 4 was treated by radical mastectomy only. Response to previous hormone therapy
was unsatisfactory in all patients treated, except case 3, in which the disease was arrested for a period of 12 months during
treatment with ethinyl oestradiol.

I
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RESULTS

The results of the assays of oestrone, oestradiol-17/3 and oestriol are shown in Figs.
1-9 and in Table 2. Oestriol was the major urinary oestrogen in all cases. The amounts
of oestrone and oestradiol measured were small and, except during the administration
of ACTH before adrenalectomy, were generally below the range of reliability of the
method.

Effect of oophorectomy on levels of urinary oestrogens
This was studied in cases 2, 3, 7, 8, 9 and 11. In cases 2, 7, 9 and 11, sufficient

time was allowed to elapse after the operation for the new levels of urinary oestrogens
to become established. In subjects 2, 7 and 9 the oestrogen levels were not altered

Table 2. Summary of results tabulated according to clinical response
of patient to adrenalectomy

(All figures expressed as /xg/24 hr, except 'Total rise after ACTH'.
Values for oestradiol are not shown but are included in figures for total oestrogens.)

Clinical response to Regression or arrest No regression
adrenalectomy ,

*
% , , Total mean

Subject 1 2 3 5 6 11 12 Mean 4 7 8 9 10 Mean ±s.d. (n)
Before oophorectomy

Oestriol 6-0 3-8 6-6 — — 144# 5-3 5-4 2-9 2-3 7-5 10-5 — 5-8 5-6±2-7 (8)
Oestrone 2-0 1-2 2-5 — — 1-3* 2-9 2-2 1-1 1-8 1-3 1-5 — 1-4 l-8±0-6 (8)

Total 9-0 5-0 9-6 — — 16-0* 9-5 8-3 40 4-9 8-9 12-2 — 7-5 7-9±2-9 (8)
After oophorectomy before adrenalectomy

Oestriol — 4-5 — 8-3 4-9 4-6 — 5-6 — 3-0 — 7-8 3-9 4-9 5-3±2-0 (7)
Oestrone — 1-3 — 1-3 1-3 0-5 — 1-1 — 1-8 — 0-8 1-3 1-3 l-2±0-4 (7)

Total — 5-8 — 10-0 6-6 5-1 — 6-9 — 5-3 — 8-6 5-5 6-5 6-7±l-9 (7)
ACTH intact adrenals

Max. rise
Oestriol 40 31 21 65 41 40 22 25 43 42 20 30 35 ±14(10)
Oestrone 10 3-4 2-6 7-8 — 4-7 — 5-7 4-2 6-6 4-4 2-6 5-4 4-6 5-2±2-4 (10)

Total 51 35 25 73 — 45 — 46 27 33 49 45 27 36 41 ±15(10)
Total rise

Oestriol 88 63 36 185 — 88 — 92 47 62 85 97 35 65 79 ±44 (10)
Oestrone 14 5 nil 15 — 9-4 8-7 8-8 12 6-8 4-4 10 8-4 8-5±4-6 (10)

Total 108 69 36 204 — 101 — 104 60 80 96 101 49 77 90 ±47(10)
After adrenalectomy

Oestriol 3-0 3-0 2-1 M (2-8 4-5 2-9 3-0 3-0 2-2 3-5 2-3 3-6 2-9 3-0±0-7 (11)
Oestrone 0-6 1-5 0-9

o
Oh ] 0-7 0-7 2-3 1-1 0-8 0-7 1-0 0-4 1-8 0-9 10±0-6 (11)

Total 3-6 4-8 3-2 w (3-7 5-3 6-5 4-6 3-8 3-3 4-7 2-7 5-4 4-0 4-3±l-l (11)
ACTH after adrenalectomy
Mean levels over 4 days

Total 3-5 2-7 3-5 — 4-6 4'6 6-6 4-2 31 — — — 4-8 4-0 4-2±l-2(8)
* Figures not included in calculation of means.
s.d.: standard deviation, (/i): Number of subjects included in calculation. Hypox.: bypopbysectomy.

significantly by oophorectomy. Clinically these three patients were postmenopausal,
the menopause having been induced earlier by ovarian irradiation, and at operation
their ovaries appeared to be normal for postmenopausal women. In case 11, the
oestrogen levels were higher than those expected in postmenopausal women [Brown,
Kellar & Matthew, 1959] and were reduced by oophorectomy to one-third of the pre¬
operative levels. Although this patient had been treated by ovarian irradiation
6 weeks earlier, there were three episodes of uterine bleeding subsequently, the last
of which occurred immediately after oophorectomy, and a healing corpus luteum was
found at operation. There was therefore good evidence that the ovaries were still

I
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Case 1
E.E.
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Fig. 1. Case 1. Age 42; X-ray menopause February 1956

Case 2 K.W.
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Adrenalectomy
i
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11111111111
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i i n n i i
9

Feb.
1958

12
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Fig. 2. Case 2. Age 46; X-ray menopause 1950.

Figs. 1-9 show the amounts of oestrone, oestradiol and oestriol excreted by women suffering from
metastatic breast cancer who were being treated by oophorectomy and adrenalectomy (or hypo-
physectomy, case 5). ACTH was administered i.v. at the times shown and replacement therapy was
as indicated.
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active in this patient at the time of operation. In cases 3 and 8, oestrogen assays were
performed over the period of time which included the operation. Oestrogen excretion
fell on the day of operation and rose to a maximum 2-3 days later. This type of in¬
crease in urinary oestrogen excretion has commonly been found following surgical
operation in patients with intact adrenals.

Case 3 M.W.

OophorectomyACTH Adrenalectomy
I F4 1

ACTH

F=\
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30-

-20-
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0*
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i i i i n i i nrnrr
1 4 7 10 13
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Oestradiol
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<U
16

300

tl T2>1 00-
°-E

I I I I I I II I I I I I I
19 22 25 28

l I I I
9

-l~L.

i i i i i

u

12 15 IE
June

M I I I
14 17

1 i i i

Aug.

Fluorohydrocortisone
□ 1 mg/day nz

r~n

m 11
1 3
Feb.
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Fig. 3. Case 3. Age 68; postmenopausal.
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I I I I I I I II I
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I I I I I
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1958

L

Fig. 4. Case 4. Age 58; natural menopause 1950,
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Case 5 E.M
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Fig. 5. Case 5. Age 50; natural menopause 1952, oophorectomy August 1956.
Hypophysectomy was performed on this case.

Case 7 L.G.
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Fig. 6. Case 7. Age 49; X-ray menopause May 1954.
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Case 8 MCF.
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Fig. 7. Case 8. Age 62; natural menopause 1946.
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Res-ponse to ACTH before adrenalectomy
The administration of ACTH before adrenalectomy elicited a marked increase in

the output of urinary oestrogens in all cases. In terms of total oestrone, oestradiol
and oestriol excreted, the increment amounted to between 36 yg (case 3) and 204 yg
(case 5), with an average of 90 yg. The rise in the oestrone excretion usually reached its
maximum on the 2nd day of the infusion (cases 1,5, 8,10 and 11), but in three patients
(nos. 2, 4 and 7) the maximum levels were not reached until the next day, when the
infusion had been discontinued. In two patients (cases 3 and 9) the oestrone excretion
did not exceed 3 yu.g/24 hr. Small increases in the amounts of oestradiol excreted were
observed in four cases (nos. 1, 4, 5 and 10) and in each of these the maximum occurred

Case 11 M.s.

Oophorectomy ACTH
1 FH
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1
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0

5-H
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19
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n i ii m i i fTTl i i rm ii ii i
22 25 28 1 4 7 £ 17 20

Q_ II
4=*=

Apr.
1957
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M m M 111111 M i
14 17 20 23 26
Jan.
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Fig. 9. 11. Age 46; irradiation of the ovaries completed 12 March 1957,
last menstrual period 28 March 1957.

on the 2nd day of the infusion. However, in one only (case 1) did the amount exceed
3 yu.g/24 hr. Oestriol accounted for 72% (case 10) to 100% (case 3) of the total in¬
creases measured (mean 84 %). The maximum daily oestriol excretion varied between
20 yg (case 10) and 65 yg (case 5) with an average of 35 pg/24 hr. In two cases (nos. 9
and 10) the greatest values were found on the 2nd day of the infusion, in seven cases
(nos. 1, 2, 4, 5, 7, 8 and 11) on the day after the infusion had been discontinued, and
in one case (no. 3) a day later still.

In most cases, therefore, the maximum daily oestriol excretion occurred after the
infusion ofACTH had been discontinued and a day later than the maximum excretion
of oestrone and oestradiol.

Oestrogen excretion after adrenalectomy
The amounts of urinary oestrogens excreted after adrenalectomy were generally

too small to be measured with accuracy. Nevertheless, the mean values found in
each case have been calculated and are shown in the table. Adrenalectomy was
followed by a fall in oestrogen excretion in all the patients studied, except cases 4, 10
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and 11. The mean total daily oestrogen excretion for the group was 6-7 pg before
adrenalectomy and 4-3 pg after adrenalectomy. The difference between these means
is statistically significant (t = 3-4; 0-01 > P > 0-001). Greater differences might have
been expected if the adrenals had been the sole remaining source of oestrogens before
adrenalectomy.

No change was noted in the excretion of urinary oestrogens when ACTH was
administered after adrenalectomy, nor was there any significant fall in the numbers
of circulating eosinophils. These findings indicate that the tissue which had pre¬
viously responded to stimulation by ACTH had been effectively removed.

There was no apparent correlation between the progress of the disease and any of
the findings now reported.

DISCUSSION

This study has shown that the continuous intravenous infusion of 60-200 i.u. ACTH
over a period of 2 days will elicit a marked increase in the output of urinary oestrogens
when the adrenals are intact. Since the response occurs in the absence of the ovaries
and is abolished by bilateral adrenalectomy, it follows that the adrenals are the source
of the increased output of oestrogens. In this respect, the results agree with those
obtained when the ACTH was administered intramuscularly [Strong et al. 1956;
Breuer et al. 1958; West et al. 1958]. The increases in total urinary oestrogen output
amounted to between 36 and 204 pg and the maximal daily excretion varied between
25 and 73 pg. Oestriol accounted for 72-100 % of this increase. The peak of oestrone
and oestradiol excretion usually occurred on the 2nd (final) day of the infusion, and
the maximum excretion of oestriol usually occurred on the following day.

It has been shown elsewhere [Brown, 1957, 1958] that the ratio of oestriol to total
urinary oestrogen for an individual is generally constant. In these patients the ratios
of oestriol to total oestrogens were similar to those found in the urine following the
administration of oestradiol-17)3 to postmenopausal women suffering from breast
cancer [Brown, 1958], Further, when oestradiol-17 )3 or oestrone is administered,
the rise and fall in urinary oestriol tend to lag behind the rise and fall in urinary
oestrone and oestradiol [Brown, 1957], Therefore, on the basis of these experiments,
the proportions of the three oestrogens excreted following the administration of ACTH
resemble those which might be expected if the adrenal cortex secreted oestrone and/or
oestradiol when stimulated in this way. Furthermore, the rise and fall in urinary
oestrogen excretion following the administration of ACTH are similar in magnitude
to the changes observed about the time of ovulation during the menstrual cycle
[Brown, 19556]. The adrenal cortex, therefore, when suitably stimulated, is capable
of secreting as much oestrogen as the ovary at the height of its activity during the
menstrual cycle. While the adrenals possess this large potential for oestrogen pro¬
duction, it is clear that they produce only a small fraction of their capacity under
normal conditions.

A limited number of observations were made on the effect of oophorectomy on the
excretion of urinary oestrogens. This operation caused no permanent alteration in the
urinary oestrogen excretion of those women who by clinical standards were post¬
menopausal and whose ovaries were postmenopausal in appearance. However, there
was an immediate transient increase, due presumably to stimulation of the adrenals
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by the stress of the operation. Similar findings have been reported elsewhere
[Bulbrook, Greenwood, Hadfield & Scowen, 1958a].

A number of workers have investigated urinary oestrogen excretion following
bilateral oophorectomy and adrenalectomy. Strong et al. [1956] used the earlier
assay method described by Brown [1955 a], Bulbrook, Greenwood, Hadfield &
Scowen [19585] used the same method as that employed here, and when allowance
is made for minor differences in recording data, obtained essentially the same results.
For example, Bulbrook et al. considered all figures calculated from corrected optical
densities of less than 0-010 to be zero, while the present authors record the actual
figures obtained. It has been difficult to obtain definite evidence for or against the
reliability of the method when the daily excretion of each oestrogen is less than
approx. 3 pg. The amounts of the oestrogens measured in the urine of most of our
cases, after adrenalectomy, were less than this figure. Although the results show that
the operation usually causes a significant fall in oestrogen levels, full reliance cannot
be placed on the accuracy of the figures obtained. Evidence other than can be
provided by this method is still required to support the contention that oestrogens
may continue to be excreted in the urine after an apparently complete bilateral
oophorectomy and adrenalectomy. Some evidence has been supplied by Bulbrook,
Greenwood & Williams [1958] who detected biologically active oestrogen in the
urine of some of their patients, and by West et al. [1958] who in one case detected a
substance with the countercurrent and biological properties of oestriol. Further work
on the nature and significance of these urinary ' oestrogens' and their source is
obviously necessary.

One of the purposes of this investigation was to determine whether any differences
could be detected in oestrogen excretion between the cases who responded favourably
to adrenalectomy and those who failed to do so. Bulbrook et al. [19585] reported
that remission after adrenalectomy tended to be associated with low or ' zero' levels
of excretion while relapse was associated with higher levels. However, in our series,
no obvious differences could be found between the two groups. This could have been
due to the inadequacies of the assay method used.

This work formed part of an investigation of the endocrinology of breast cancer at
present being conducted in Edinburgh by the Clinical Endocrinology Research Unit
of the Medical Research Council and the Departments of Medicine, Clinical Surgery
and Radiotherapy at the Western General Hospital.

We are greatly indebted to the Melville Trust for generous financial support of part
of this research programme, and to numerous colleagues and assistants for their con¬
tinued collaboration and help.

A preliminary account of this work was given to the Second International Sym¬
posium on Mammary Cancer, Perugia. We are grateful to the Editor of the Proceedings
of this Conference, Prof. L. Severi, for permission to publish this paper in full.
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Previous investigations by Paget et al. (1961) and by
Bell et al. (1962) have shown that derivatives of dithio-
carbamoylhydrazine inhibit pituitary gonadotrophic
activity in various animal species and in postmenopausal
women. Such compounds may come to be used as thera¬
peutic agents in certain gynaecological disorders and as
oral contraceptives. The aim of the present investigation
was to determine the effects of one such derivative
on ovarian and pituitary function in women during
reproductive life.

Materials and Method

The dithiocarbamoylhydrazine derivative investigated
(compound 33,828 Imperial Chemical Industries Ltd.,
Pharmaceuticals Division) was l-a-allylthiocarbamoyl-2-
methylthiocarbamoylhydrazine:

ch2=ch.ch.nh.cs.nh.nh.cs.nh.ch3
I
CH,

The compound differs from many pituitary inhibitors
previously described in not being a steroid.
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Subjects.—The two subjects studied continued their normal
activities during the period of the investigation. Subject A,
aged 26, was nulliparous; she had a previous menstrual history
of regular 30-day cycles with menstruation lasting 5 days.
Subject B, aged 29, was multiparous; her previous menstrual
history was of regular 28-day cycles with menstruation lasting
5 days.

General design of investigation.—Both subjects collected
24-hour urine samples continuously throughout the period of
study. Basal temperature and any episodes of bleeding were
also recorded. Subject A (fig. 1) did not receive the compound
during the first cycle, which formed a control. On the 5th day
after the start of menstruation (day 36 of the investigation) the
administration of compound 33,828 was begun: the compound
was given by mouth in two divided doses, morning and evening,
100 mg. daily being given for 3 days and 50 mg. daily for
the following 18 days. In the last menstrual cycle included
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Fig. 1—Excretion of hormones in urine of subject A treated with compound 33,828.
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in the study the compound was given during the luteal phase at
the lower dose level. Subject B (fig. 2) also did not receive the
compound during the first cycle. During the second cycle,
compound 33,828 was given by mouth, in a single daily dose
of 50 mg., taken in the morning from the 5th day after the
start of menstruation for the following 20 days (days 33-52 of
the investigation). No further treatment was given during the
remainder of the study which included a complete menstrual
cycle.

Assay methods.—Urinary cestriol, oestrone, and oestradiol were
measured by the method of Brown (1955). Urinary preg¬
nandiol and pregnanetriol were determined by the methods of
Klopper et al. (1955) and of Fotherby and Love (1960)
respectively. For the estimation of human pituitary gonado¬
tropins (h.P.g.) in urine the method of Loraine and Brown
(1959) was employed.

Results

Subject A
The first cycle studied showed the pattern of a normal

ovulatory menstrual cycle (fig. 1). In the second cycle,
treatment with compound 33,828 was begun on day 5 at a

- CESTRIOL

(ESTRONE

(ESTRADIOL
—

30 40 50 60 70
DAY OF INVESTIGATION

COMPOUND
50

Menstruation

20
10

6

4
2

. GONADOTROPHS

Fig. 2—Excretion of hormones in urine of subject B treated with compound 33,828.
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dose of 100 mg. daily. After only 3 days the dose had to be
reduced to 50 mg. daily because the subject complained of
nausea, lethargy, and drowsiness; when the dose had been
reduced, the side-effects disappeared. The compound
produced a rise in body temperature when given at the
higher dose level, but no such effect was noted at the
lower level.

During the 21 days on which the compound was
administered, the oestrogen, pregnanediol, and pregnan-
etriol excretion remained uniformly low, showing that
ovarian activity and ovulation had been suppressed. In
spite of this, the mean h.p.g. excretion did not differ
significantly from that in the control cycle. 15 days after
the compound was discontinued, urinary oestrogen levels
rose to an ovulatory peak; this was followed by a rise in
oestrogen, pregnanediol, and pregnanetriol levels character¬
istic of the luteal phase, and finally by menstrual bleeding,
showing that ovarian activity had been resumed. During
this time, two h.p.g. peaks occurred—the first 2 days
prior to, and the second 2 days after, the oestrogen peak.
The rise in basal temperature between days 59 and 61 of
the study was probably due to a mild intercurrent
infection.

Compound 33,828 was administered during the luteal
phase of the third cycle (days 106-114 of the investigation)
and no effect on hormone excretion was observed. In
this cycle the normal ovulatory pattern of oestrogen,
pregnanediol, and pregnanetriol output was found,
the temperature chart was biphasic, and the subject
menstruated at the expected time.
Subject B

The first cycle of the study showed the pattern of a
normal ovulatory menstrual cycle (fig. 2). During the
administration of the compound (days 33-52) at a dose
level of 50 mg. daily, no side-effects were noted and the
amounts of pregnanediol and pregnanetriol excreted
remained low. During the last 2 days of the administration,
the oestrogen levels (which were initially low) began to
rise, suggesting the start of follicular activity. This
suggestion was confirmed by an ovulatory peak ofoestrogen
excretion 2 days after the withdrawal of the compound,
and by a subsequent luteal-phase rise of oestrogen,
pregnanediol, and pregnanetriol excretion; menstruation
began on day 70 of the investigation. The final cycle
showed the same pattern of hormone excretion as the
initial control cycle.
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Discussion

Our study shows that compound 33,828, when given
early in the menstrual cycle in a daily dose of 50 mg., can
suppress ovarian activity and ovulation without affecting
h.p.g. excretion. In subject B the suppression of ovarian
activity was not as complete as in subject A, and this
difference may have been due to the timing of the dose;
whereas compound 33,828 was given to subject B in a
single morning dose, subject A received the same total
amount of the drug in two divided doses, morning and
evening. When given during the luteal phase only, the
compound had no apparent effect on the normal function
of the corpus luteum. Bell et al. (1962) have shown that
the same compound, given in daily doses of 125 mg. and
600 mg., depresses urinary h.p.g. excretion in post¬
menopausal subjects; in our subjects, on the other hand,
h.p.g. excretion was unaffected. A possible explanation
is that at a relatively low dose level the compound sup¬
presses ovarian but not pituitary activity, while at a higher
dose level it also suppresses the pituitary. But the bio-
assay method we employed for determining h.p.g.
measures both follicle-stimulating and luteinising hor¬
mones (Schmidt-Elmendorff et al. 1962); our results do
not therefore exclude the possibility of a differential
inhibition of one or other of the pituitary gonadotrophins.

The effect of compound 33,828 resembles that of the
progestational compounds norethisterone (17a-ethynyl-
19-nortestosterone) and norethisterone acetate. These
also suppress ovarian activity and ovulation without
affecting h.p.g. excretion when given for about 20 days
from the 5th day of the menstrual cycle (Brown et al.
1960, 1962), and have no apparent effect on the function
of the corpus luteum when given during the luteal
phase only. The progestational and (estrogenic effects
of norethisterone and its acetate generally result in
withdrawal bleeding a few days after they are discon¬
tinued. Compound 33,828 possesses no such hormonal
properties and bleeding therefore does not occur on its
withdrawal.

The data reported here suggest that the suppression of
ovarian function by the dithiocarbamoylhydrazine deriva¬
tive was temporary and completely reversible. Further
clinical trials will, however, be necessary before any
conclusion can be reached as to whether any permanent
ovarian damage is produced by the long-term administra¬
tion of the compound.
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Summary
The effect of the dithiocarbamoylhydrazine derivative,

compound 33,828, on ovarian and pituitary function was
studied in two normally menstruating women.

When the compound was given early in the menstrual
cycle, ovarian activity and ovulation were suppressed, as
judged by assay of steroids in the urine. The excretion of
human pituitary gonadotrophins was not affected.

We are grateful to Imperial Chemical Industries Ltd., for supplies
of the compound, and to the two subjects who volunteered for the
study. In the performance of the assays, the skilled assistance of
many technicians was greatly appreciated.
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SUMMARY

Estimations of human pituitary gonadotrophins (HPG), total 17-
hydroxycorticosteroids, total 17-oxosteroids and oestrogens have been
performed in seven hospitalized postmenopausal subjects receiving treat¬
ment with the dithiocarbamoylhydrazine derivatives Compound 22365
and Compound 33828 (Imperial Chemical Industries Ltd.).

Both compounds were shown to be inhibitors of pituitary gonadotrophic
function as indicated by urinary HPG assays; Compound 33 828 was more
active in this respect than Compound 22365.

When Compound 22365 was administered to individual subjects at two
different dose levels the time taken for urinary HPG levels to return to
pretreatment values was longer in the case of the higher dose.

Neither of the compounds studied produced any effect on adrenocortical
function as judged by urinary assays of 17-hydroxycorticosteroids, 17-
oxosteroids and oestrogens.

Side effects were noted in two of the seven patients studied. In one
subject with pre-existing liver damage it was necessary to stop treatment
with Compound 22365 because of the development of mild jaundice.

INTRODUCTION

Paget, Walpole & Richardson (1961) have shown that derivatives of dithiocarba¬
moylhydrazine act as selective inhibitors of pituitary gonadotrophic function in
rats, dogs and monkeys. These workers demonstrated that in female rats treated with
such compounds oestrous cycles ceased and the number of maturing follicles in the
ovaries was markedly reduced; in male rats similarly treated atrophy of the prostate
and seminal vesicles occurred and spermatogenesis was arrested. In view of these
actions in experimental animals it was obviously of interest to determine whether
such compounds exhibited similar pituitary-inhibiting properties in man, and the
present communication deals with the results obtained in postmenopausal subjects
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MATERIALS AND METHODS

Compounds administered
The two derivatives of dithiocarbamoylhydrazine investigated were:
(а) Compound 33828 which is l-a-methyl-allylthiocarbamoyl-2-methylthiocarba-

moylhydrazine.
CH2=CH. CH. NH. CS. NH. NH. CS. NH. CH3

ch3
(б) Compound 22365 which is a less active member of the same chemical series.
Both compounds were supplied by Imperial Chemical Industries Ltd. It should

be emphasized that in contradistinction to many pituitary inhibitors previously
described, neither of these compounds is a steroid.

In the seven patients studied two were treated with Compound 33828 (J.S. and
A. S.) while the remainder received Compound 22 365. In all subjects the compounds
were administered orally. The dose levels used in the various patients are shown
in Figs. 1-7; these varied from 2 to 40 mg./kg. body weight/day.

Patients

Clinical details of the patients are shown in Table 1. All subjects collected complete
24 hr. urine samples and were hospitalized during the period of study. With the
exception of patient F.T., who was suffering from mild diabetes mellitus which was
controlled by diet alone, none of the subjects showed any endocrine abnormalities.
No hormonal therapy was given to any patient during or immediately prior to the
period of investigation.

Table 1. Clinical details of the subjects studied

Patient Age
Wt.

(kg.) Diagnosis
Compound

administered
Dose

(mg./day)
Total dose

(g-)
Side

effects

M. A. 73 47 Duodenal ulcer 22365 (1)
(2)

500 (8 days)
250 (8 days)

60 Absent

H.J. 49 51 Rheumatic heart
disease

22365 (1)
(2)
(3)

500 (7 days)
1000 (7 days)
1500 (2 days)

13-5 Present

C.S. 62 43 Rheumatic heart
disease

22365 (1)
(2)

450 (8 days)
225 (8 days)

5-4 Absent

F.T. 57 47 Pyelonephritis,
hypertension,
mild diabetes
mellitus

22365 100 (8 days) 0-8 Absent

I.T. 58 41 Mild malabsorp¬
tion syndrome

22 365 (1)
(2)
(3)
(4)

400 (8 days)
800 (14 days)

1200 (8 days)
1600 (6 days)

33-6 Absent

J.S. 75 60 Mild cerebro¬
vascular in¬

sufficiency

33828 600 (11 days) 6-6 Present

A. S. 63 54 Ischaemic heart 33828 125 (14 days) 1-75 Absent
disease
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Methods of assay

The following were used:
Human pituitary gonadotrophins (HPG) were estimated by the method of Loraine

& Brown (1959). The end-point of the bioassay was the mouse uterus test and
results were expressed in terms of the International Reference Preparation in HMG
units per 24 hr. urine sample. The reliability criteria of the method are described
elsewhere (Loraine, 1958). Fiducial limits of error of individual assays in patient F. T.
were calculated by the method of Gaddum (1953).

Total 17-hydroxycorticosteroids and total 17-oxosteroids were estimated by modifica¬
tions of the methods of Appleby, Gibson, Norymberski & Stubbs (1955) and Vester-
gaard (1951) respectively. Dehydroepiandrosterone and oestrogens were estimated
respectively by the methods of Fotherby (1959) and Brown, Bulbrook & Greenwood
(1957).

Compound 22,365, Compound 22,365,

Day of investigation

Fig. 1. Hormone excretion in a postmenopausal subject treated with Compound 22365.
M. A., age 73 years.

RESULTS

The results in individual subjects are shown graphically in Figs. 1-7. In each
figure the solid vertical lines indicate the duration of therapy.
Estimations of urinary oestrogens, 17-hydroxycorticosteroids and 17-oxosteroids

In all patients the 'total oestrogen' excretion (oestrone + ocstradiol-17/3 + oestriol)
was below 10-0 pg./24 hr. with the exception of one estimation (12-6 /xg./24 hr.) in
patient C.S. The values obtained are in the range normally encountered in post¬
menopausal subjects (see McBride, 1957; Brown, Kellar & Matthew, 1959). Neither
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Compound 22365 nor Compound 33828 affected the output of these hormones in
any of the patients studied.

As in the case of the oestrogens, urinary excretion values for 17-hydroxycorti-
costeroids and 17-oxosteroids lay within the normal range. No change in the output
of these hormones occurred during therapy with either compound. In the one subject
(A.S.) in whom estimations of dehydroepiandrosterone were made excretion values
were at the low end of the normal range throughout the period of investigation.

Estimations of urinary HPG
In all, 24 HPG assays were conducted in the seven subjects before treatment with

the dithiocarbamoylhydrazine derivatives. Twenty-one of these estimations lay within

Compound 22365 (mg./kg./day)

Day of investigation

Fig. 2. Hormone excretion in a postmenopausal subject treated with Compound 22365.
H. J., age 49 years.

the fiducial range (P = 0-95) encountered in normal postmenopausal subjects,
i.e. 35-158 HMG units/24 hr. (Apostolakis & Loraine, 1960), and only three readings
(two in patient I.T. and one in patient J.S.) lay outside this range.

The effects of treatment on HPG excretion in individual subjects were as follows:
Patient M.A. (Pig. 1). The mean pretreatment level was 56 HMG units/24hr.

Therapy with Compound 22365 administered at dose levels of 10 mg. and 5 mg./kg./
day produced a marked fall in urinary HPG excretion, the lowest levels obtained
during the two phases of therapy being 13 and 19 HMG units/24 hr. respectively.
HPG excretion returned to control values approximately 3 weeks following cessation
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of treatment with the higher dose level, while the corresponding duration of time in
the case of the lower dose level was 8 days.

Patient H.J. (Fig. 2). This patient received increasing dosages of Compound 22365
over a period of 16 days. The treatment eventually had to be stopped because of
side effects (see below). The effect on urinary HPG excretion appeared to be less
marked than in the majority of the other subjects studied. However, since only
one assay was conducted during the control period it is difficult to assess the extent
to which the compound had depressed HPG excretion.

Patient C.S. (Fig. 3). The mean HPG level before treatment was 85 HMG units/
24 hr. Therapy with Compound 22365 administered at dose levels of 10 mg. and

Day of investigation

Fig. 3. Hormone excretion in a postmenopausal subject treated with Compound 22365.
C.S., age 62 years.

5 mg./kg./day produced a marked fall in urinary HPG excretion, the lowest levels
obtained during the two phases of therapy being 19 and 18 HMG units/24 hr.
respectively. Approximately 17 days after cessation of treatment at the higher dose
level HPG excretion had reached control values; the corresponding period in the
case of the lower dose level was 6 days.

Patient F. T. (Fig. 4). The mean HPG excretion prior to therapy was 83 HMG units/
24 hr. Compound 22365, when administered at the relatively low dose level of
2 mg./kg./day, produced a significant depression of urinary HPG output. This is
shown by the fact that the fiducial limits of error (P = 0-95) of the assays conducted
on the 19th and 23rd-24th days of the investigation did not overlap with the fiducial
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limits of any assay during the control period. When treatment was withdrawn
urinary HPG levels rose slowly and from the 32nd day onwards were in the same
range as those encountered before the commencement of therapy.

Patient I.T. (Fig. 5). HPG levels during the control period were higher than in
any other subject, the mean figure being 149 HMG units/24 hr. Gradually increasing
dosages of Compound 22 365 given over a period of 5 weeks produced a marked fall
in urinary HPG excretion and values remained low after treatment was withdrawn.

Day of investigation

Fig. 6. Hormone excretion in a postmenopausal subject treated with Compound 33828.
J. S., age 75 years.

Patient J.S. (Fig. 6). In this subject the mean HPG excretion before treatment
with Compound 33828 was 66 HMG units/24 hr. During therapy a marked fall in
HPG excretion occurred, the lowest value obtained being less than 5 HMG units/24 hr.
In the post-treatment period urinary HPG levels rose slowly and values within the
control range were found 13 days after cessation of treatment.

Patient A.S. (Fig. 7). After treatment with Compound 33828 a marked depression
in urinary HPG excretion occurred but the fall in output was more gradual than in
subject J.S. who received the 10 mg./kg. dose. The lowest value obtained during
therapy was 7-5 HMG units/24 hr. After withdrawal of the drug a rise in HPG
output occurred and a reading similar to those in the control period was found on
the 13th day after treatment.



228 E. T. Bell and others

Clinical effects
Routine haematological investigations conducted in all patients before and during

the administration of the drug showed no abnormality. The following liver-function
tests were performed: (1) serum proteins, (2) electrophoretic pattern of serum
proteins, (3) serum bilirubin, (4) alkaline phosphatase, (5) serum glutamic pyruvic
transaminase (SGPT), and (6) zinc and thymol turbidity tests. In all subjects,
apart from H.J. (see below), the values obtained were within normal limits.

Day of investigation

Fig. 7. Hormone excretion in a postmenopausal subject treated 'with Compound 33828.
A.S., age 63 years.

In subjects H.J. and I.T. tests of thyroid function were performed; these were
(1) blood protein iodine (PBI) estimations, and (2) the 4 hr. uptake of 131I. In
patient II.J. the PBI concentration before treatment was 5-9 /xg./100 ml. and after
treatment 4-4 pg./l 00 ml. while the corresponding figures for 131I uptake were
13 and 8-5 %. In patient I.T. the control PBI level was 7-4 pg./lOO ml. and following
treatment the level fell to 2-7 pg./100 ml. In this patient the uptake of 131I before
treatment was 19%; during treatment and 2 weeks after cessation of therapy the
corresponding values were 5-5 and 17 % respectively.
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In five of the seven patients (Table 1) side effects were absent. Patient J.S.

complained of anorexia, nausea, lethargy and somnolence during treatment and the
symptoms subsided rapidly when the drug was withdrawn. In patient H.J. nausea,
lethargy and drowsiness were noted during the period of treatment at a dose level
of 20 mg./kg. When the dosage was increased to 30 mg./kg. treatment had to be
withdrawn after 2 days because of the severity of the side effects. At this time the
patient became slightly jaundiced, the SGPT rose to 123 units/100 ml. and the
serum bilirubin increased to 4-4 mg./lOO ml. When the drug was withdrawn the
symptoms subsided rapidly, the SGPT fell to 20 units/100 ml. and the serum bilirubin
concentration dropped to 1-8 mg./lOO ml. within 5 days. It appears probable that in
this patient the occurrence of slight hepatic damage was due to the drug. However,
it should be noted that when the patient was admitted to hospital 6 weeks before
the investigation was begun she was found to have an enlarged tender liver attribut¬
able to congestive cardiac failure. In view of these findings it is reasonable to suggest
that derivatives of dithiocarbamoylhydrazine should not be given to individuals with
impaired liver function.

DISCUSSION

The present study shows that urinary HPG excretion is decreased in postmeno¬
pausal women by the administration of Compound 22 365 or Compound 33828 and
returns to pretreatment values on withdrawing the drug. In two subjects (Figs. 1
and 3) Compound 22365 was administered at two dose levels, viz. 5 and 10 mg./kg./
day, and although in each case the level to which urinary HPG excretion fell was
approximately the same for both dosages, the time taken for excretion values to
return to pretreatment levels was longer in the case of the higher dosage of the
compound. In a further two subjects (Figs. 2 and 5), gradually increasing dosages of
Compound 22 365 administered over periods of 2 and 5 weeks respectively produced
a marked fall in urinary HPG excretion but in neither patient did the levels fall
below those normally encountered in premenopausal subjects. In one of these
subjects (Fig. 5) in whom the total dosage of Compound 22 365 given was relatively
large, HPG excretion did not reach pretreatment levels even although assays were
performed as long as 40 days after withdrawal of the drug.

In none of the patients treated with Compound 22365 did the output of urinary
HPG fall below the level which could be measured by the assay method in use, i.e.
5 HMG units/24 hr. It will be noted that the results obtained with this compound
are similar to those previously reported for the progestational compound 19-nor-
ethisterone oenanthate by Douglas, Loraine & Strong (1960). These workers found
that this latter compound, when administered in relatively high dosages to post¬
menopausal women with metastatic mammary carcinoma, did not abolish urinary
HPG excretion but merely reduced it to premenopausal levels.

In the two patients treated with Compound 33828 (Figs. 6 and 7) the effect on
HPG excretion was more marked than with Compound 22365 and in the case of
patient J.S. (Fig. 6), who received 10 mg./kg. urinary HPG levels, fell to below
5 HMG units/24 hr. This evidence agree? with that obtained from experiments in
animals and indicates that at comparable dose levels Compound 33828 is a more
potent inhibitor of pituitary gonadotrophic function than is Compound 22 365.
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Derivatives of dithiocarbamoylhydrazine appear to be less active as pituitary in¬
hibitors than is the synthetic oestrogen stilboestrol. Numerous investigators in¬
cluding Heller, Chandler & Myers (1944), Smith & Albert (1955) and Loraine (1958)
have shown that when stilboestrol is administered orally to postmenopausal women
and oophorectomized subjects for periods ranging from 1 to 6 weeks at dose levels
varying between 1-0 and 10-0 mg./day a marked decrease in HPG excretion occurs
to levels below those normally found in premenopausal subjects. The results in Table 1
indicate that in the case of dithiocarbamoylhydrazine derivatives a dose of not less
than 100 mg./day must be given in order to produce a significant depression of
urinary HPG output.

It should be emphasized that the HPG assays reported herein were conducted by
the mouse uterus test which is not specific for either follicle-stimulating (FSH) or

luteinizing hormone (LH) but provides an estimate of 'total gonadotrophic activity'
(Loraine, 1958; Schmidt-Elmendorff, Loraine & Bell, 1962). The separate determi¬
nation of FSH and LH in urinary extracts would obviously be desirable, but will not
become feasible until extraction methods and bioassay techniques have been improved.

In none of the subjects studied did the dithiocarbamoylhydrazine derivatives
affect adrenocortical function as judged by the excretion of 17-hydroxycorticosteroids,
17-oxosteroids and the three oestrogens, oestrone, oestradiol-17/3 and oestriol. In
two patients receiving Compound 22365, tests of thyroid function were performed,
and it appeared that thyroid activity was depressed during therapy with the drug.

Compound 22365 and Compound 33 828 presumably act in postmenopausal
women as inhibitors of pituitary gonadotrophic function. However, they do not
appear to have a similar inhibitory action on placental gonadotrophic function.
Thus, in pregnant mares where the gonadotrophin found in large quantities in early
pregnancy is produced by the placenta and not by the pituitary (see Amoroso, 1955),
relatively large doses of both compounds, ranging from 10 to 25 mg./kg./day, had
no pronounced effect on serum or urinary gonadotrophin levels (Schmidt-Elmendorff,
Loraine, Bell & Walley, 1962). Similarly, in a female subject 15 weeks pregnant who
was scheduled to have a therapeutic abortion the administration of large doses of
Compound 22365 (14-8 g. over 9 days) failed to influence the pregnancy or to affect
placental function as judged by serum levels of human chorionic gonadotrophin
(HCG) and urinary excretion values for HCG, oestriol, oestrone, oestradiol-17/3 and
pregnanediol (unpublished observations).

The fact that derivatives of dithiocarbamoylhydrazine are capable of inhibiting
pituitary gonadotrophic function in postmenopausal women suggests that a similar
effect might be produced in women during reproductive life and that these compounds
might be of value as oral contraceptive agents. Work is at present in progress in this
laboratory to determine the effect of the compounds on hormone excretion in such
subjects and the findings will be reported in a subsequent communication.

The authors are grateful to Imperial Chemical Industries Ltd. for supplies of the
compounds used in this study. In the performance of the assays the skilled assistance
of the many technicians involved was much appreciated.

i
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SUMMARY

1. The effect of the progestational compounds, norethisterone and
norethisterone acetate, on ovarian and pituitary function during the
menstrual cycle have been assessed in five subjects by measuring the urinary
excretion of oestrogens, pregnanediol, pregnanetriol and pituitary gonado-
trophin (HPG).

2. The effects of the two compounds were similar and depended on dosage
and time of administration during the cycle. With adequate dosages given
from day 5 to day 25, there was complete suppression of ovarian activity;
with lower dosages given over a similar period, follicular activity could
persist but ovulation and formation of a corpus luteum were suppressed.
When administered during the luteal phase only, there was no apparent
effect on the normal function of the corpus luteum. In none of the subjects
was urinary HPG excretion depressed during drug administration.

3. The action of these compounds as ovarian or pituitary inhibitors is
discussed. It is concluded that they exert their effects, not through their
weakly oestrogenic activity but through a property common to synthetic
progestational compounds.

INTRODUCTION

Several synthetic progestational compounds are being used as oral contraceptives
in women. Although the clinical effects of such compounds are now well documented
(Mears, 1961) little reliable information is at present available regarding their mode
of action on the ovary and pituitary.

Previous reports from this laboratory have established the pattern of excretion of
oestrogens, pregnanediol, pregnanetriol and human pituitary gonadotropins (HPG)
in the urine throughout the normal ovulatory menstrual cycle and have shown that
the output of these substances provides valuable information concerning ovarian and
pituitary activity (Brown, Klopper & Loraine, 1958; Brown & Matthew, 1962;
Fotherby, 1962; Loraine & Schmidt-Elmendorff, 1962). These measurements have
now been applied to a study of the effect on ovarian and pituitary function of two of
the progestational compounds, norethisterone (17a-ethynyl-19-nortestosterone) and
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its acetate administered to women during their menstrual cycles. Preliminary
accounts of this work have been given elsewhere (Brown, Fotherby & Loraine, 1960;
Loraine, Brown & Fotherby, 1961).

MATERIALS AND METHODS

General design of investigation
The subjects collected complete 24 hr. urine samples continuously throughout

three or four complete menstrual cycles. No treatment was given during the first
cycle which was used as a control; in the intermediate cycles, norethisterone or its
acetate was administered orally from the 5th to the 25th day; no treatment was
given during the last cycle except in one subject (Fig. 2) who received norethisterone
acetate for 10 days during the luteal phase. Basal temperatures and episodes of
bleeding were recorded and, in some subjects, the body weight was determined and
vaginal smears were taken at regular intervals during each cycle. Four of the subjects
had a history of dysmenorrhoea or premenstrual tension, and the occurrence of
symptoms was noted during the investigation.

Subjects
The subjects were normally active. Their menstrual histories were as follows:
Miss D. M., aged 27 years, para 0, regular 28-day cycles; bleeding lasted 6 days;

severe menstrual and premenstrual dysmenorrhoea.
Miss G. G., aged 30 years, para 0, regular 28-day cycles; bleeding lasted 5 days;

premenstrual tension.
Miss P. B., aged 21 years, para 0, 26-day cycles; bleeding lasted 5 days; dysmenor¬

rhoea. At the time of the study she was under considerable emotional stress.
Miss I. F. McL, aged 24 years, para 0, regular 27-day cycles; bleeding lasted

5 days; dysmenorrhoea.
Miss E. C., aged 26 years, para 0, normal regular 30-day cycles; bleeding lasted

5 days.

Compounds administered
The norethisterone and its acetate were supplied by Schering, A.G., Berlin, and

did not contain added oestrogen.

Assay methods
Urinary oestriol, oestrone and oestradiol-17/? were measured by the method of

Brown (1955) and its modification incorporating a saponification step described by
Brown, Bulbrook & Greenwood (1957). A urinary metabolite of norethisterone and its
acetate, which after acid hydrolysis has the properties of ethynyloestradiol (Brown
6 Blair, 1960), travels with the oestradiol in the fractionation procedure and gives
falsely high oestradiol values. In the saponification step, the metabolite is partly
converted to oestrone, thus causing falsely high oestrone values. Therefore, during
adminstration of norethisterone and its acetate, the original method without saponifi¬
cation was employed and the raised oestradiol values resulting from the treatment
were ignored.
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Urinary pregnanediol was measured by the method of Klopper, Michie & Brown
(1955), pregnanetriol (3oc-17a-20a-pregnanetriol) by the method of Fotherby & Love
(1960) and urinary HPG (expressed as HMG units) by the method of Loraine &
Brown (1959).

RESULTS

The results, with the schedules of treatment, are given in Figs. 1-5. Points of
special interest are listed individually below.

Miss D. M. (Fig. 1). The two cycles without treatment showed the pattern of the
normal ovulatory menstrual cycle. During the first cycle on treatment there was a

rr 99-g
°

4^TTf#Hin^lo

1 5 9 13 17 21 25 2 6 10 14 18 22 26 3 7 11 15 19 23 27 4 8 12 16 20 24 28
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Day of cycle

Fig. 1. Miss D. M., age 27 years, para 0, dysmenorrhoea. Figs. 1-5 show the daily excretion of
oestradiol, oestrone, oestriol, pregnanediol and HPG and the basal temperature record during
control and treated cycles. Pregnanetriol output was also measured in Figs. 3—5, and body
weight in Figs. 1-3 and 5. V.S. indicates vaginal smears and [g] the days of menstrual
bleeding. Treatment schedules are shown.

single oestriol and oestrone peak at approximately mid-cycle but no subsequent rise
in oestrogens or pregnanediol. On doubling the dose, during the next cycle, output of
oestriol, oestrone and pregnandiol remained uniformly low. However, in spite of the
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apparent inhibition of ovulation during the two cycles on treatment, the temperature
record remained biphasic with the rises occurring at mid-cycle. Dysmenorrhoea and
premenstrual weight gain occurred during the first, second and fourth cycles but not
during the third cycle. Throughout the study the vaginal smears were oestrogenic
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Fig. 2. Miss G-. G., age 30 years, para 0, premenstrual tension. Also see legend to Fig. 1.

and HPG excretion remained within the range normally encountered during the
menstrual cycle.

Miss G. G. (Fig. 2). The initial control cycle was longer than usual. This was due
to a lengthened follicular phase which was then followed by the normal pattern of the
ovulatory peak and luteal phase maximum of oestrogen output. However, the
increases in pregnanediol and basal temperature during the luteal phase were poorly
defined. During the next cycle, in which norethisterone acetate was given, the output
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of oestrogens and pregnanediol remained uniformly low and the basal temperature
was elevated. However, this may have been merely a natural lengthening of the
follicular phase, as in the first cycle, with the addition of bleeding caused by the
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Fig. 3. Miss P. B., age 21 years, para 0, dysmenorrhoea. Also see legend to Fig. 1.
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withdrawal of the progestational compound. Treatment given during the luteal phase
only of the third cycle had no effect on the output of oestrogens and pregnanediol.
Premenstrual tension occurred in all three cycles and the vaginal smears were
oestrogenic throughout. HPG excretion was unusual in that a premenstrual rise
occurred during the first cycle, and again during the second cycle in spite of treatment.
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Fig. 4. Miss I. F. Mcl., age 24 years, para 0, dysmenorrhoea. Also see legend to Fig. 1.

Miss P. B. (Pig. 3). During each of the first two cycles which were without treat¬
ment, there was one oestrogen peak and no increase in the basal temperature or in
oestrogen, pregnanediol and pregnanetriol output during the luteal phase, indicating
that these cycles were anovulatory. During the third cycle, treatment was given at
an initial dose of 20 mg./day but this was later reduced to 10 mg./day because of
nausea. The excretion of oestrogens, pregnanediol and pregnanetriol remained uni-

i
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formly low during therapy and the basal temperature was elevated. HPG values
were within the normal range throughout the study and there was no dysmenorrhoea.

Miss I. F. Mcl. (Fig. 4). The initial control cycle showed a normal hormone
excretion pattern. During the cycle on treatment the excretion of oestrogens, preg¬
nandiol and pregnanetriol remained at uniformly low values, but the temperatnre
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Fig. 5. Miss E. C., age 26 years, para 0. Also see legend to Fig. 1.
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record was triphasic with the rise occurring at approximately mid-cycle. During
the third cycle, which was without treatment, the findings were the same as in the
control cycle except that the follicular phase was lengthened by 5 days. Slight
dysmenorrhoea occurred during the two control cycles, but was absent during the
treated cycle. HPG excretion remained within normal limits throughout the study.

Miss E. C. (Fig. 5). The initial control cycle showed the characteristic pattern of
the ovulatory menstrual cycle. Steroid output, including the oestradiol readings,
remained uniformly low during treatment and the basal temperature was elevated.
Bleeding failed to occur and the picture was that of a lengthened follicular phase
followed eventually by ovulation and normal corpus luteum formation. HPG excre¬
tion values remained within normal limits throughout the study.

DISCUSSION

The present investigation has shown that norethisterone and its acetate have
similar effects in human subjects. The administration ofeither compound can suppress
the cyclic changes in urinary oestrogen, pregnanediol and pregnanetriol excretion
which are characteristic of the ovulatory menstrual cycle. The effect depends on
dosage and time of administration during the cycle (see Figs. 1 and 2). Thus, when
the dose was 12-20 mg./day and treatment was from day 5 to day 25, the output
of urinary steroids remained at the low levels normally encountered during the
follicular phase of the cycle. With the same duration of treatment and the dose
reduced to 6 mg./day (Fig. 1) there was a single peak in oestrogen output but no
luteal phase rises in oestrogen or pregnanediol output. When 6 mg./day was given
during the luteal phase only (Fig. 2) there was no effect on the normal luteal phase
rise and fall in oestrogen, pregnanediol and pregnanetriol output. Since normal
urinary levels may be encountered during treatment, the administration of norethi¬
sterone cannot be interfering in the normal metabolism of oestrogens or progesterone,
nor in the measurement of their urinary metabolites except in the case of oestradiol.
Therefore, the changes in oestriol, oestrone, pregnanediol and pregnanetriol excretion
during norethisterone treatment can be related directly to the changes in ovarian
activity. Thus, the conclusions can be drawn that norethisterone (or its acetate),
when given in an adequate dose and starting early enough in the cycle, inhibits
follicular activity; when the dose is inadequate, follicular activity may occur but
ovulation and formation of a functioning corpus luteum may be inhibited. In either
case the subject would be rendered infertile during that cycle. When treatment is
restricted to the luteal phase, these doses have no demonstrable effect on the normal
function of the corpus luteum. This latter finding is consistent with the use of these
compounds for supplementing a deficient production of progesterone at this time
(Swyer, 1959). The inhibition of ovarian function is temporary since the pattern
observed during the menstrual cycle immediately following the cessation of treat¬
ment was normal. This finding is consistent with the observation of Pincus, Rock,
Garcia, Rice-Wray, Paniagua & Rodriguez (1958) that conception can occur in the
first cycle following medication with the closely related compound, norethynodrel.

In none of the subjects was there evidence that HPG output had been decreased
by treatment; in fact, in one subject (Fig. 2) levels actually rose during drug admini-
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stration. This observation contrasts with the finding in postmenopausal women that
large doses of norethisterone oenanthate (110-200 mg./week intramuscularly) depress
HPG output, indicating that this compound can act as a pituitary suppressant
(Douglas, Loraine & Strong, 1960; Martin & Cunningham, 1960). The failure to
depress HPG excretion during the menstrual cycle suggests that the progestational
compounds act at this time directly on the ovaries rather than through the pituitary.
However, the mouse uterus test for HPG, which was used in the present investigation,
measures a mixture of Luteinizing Hormone (LH) and Follicle Stimulating Hormone
(FSH) (Schmidt-Elmendorff, Loraine & Bell, 1962). Each of these gonadotrophins
potentiates the effect of the other so that changes in the relative proportions of the
two may have a more marked effect on the mouse uterus than changes in the total
dose (Brown & Billewicz, 1962). Therefore, our results do not rule out the possibility
of a differential inhibition of one of the gonadotrophins, for example of LH. This
possibility is supported by the finding in one of the subjects studied (Fig. 1) of
follicular activity but absence of ovifiation during drug administration, suggesting
a continued FSH output but suppression of LH; it may also be supported by the
finding of Pincus et at. (1958) that conception can occur in women who have defaulted
in their treatment for as little as 3 days. This immediate ovarian response could be
satisfactorily explained if a functioning follicle was already present, as in the first
cycle of treatment in Fig. 1; a temporary withdrawal of treatment might then result
in a brief release of LH sufficient to initiate ovulation, and the following events of
corpus luteum formation and conception would then be unaffected by a continuation
of treatment.

Norethisterone usually has a hyperthermic effect causing an elevated basal
temperature throughout the period of treatment (Pots, 1957), and this occurred in
three of the subjects studied (Figs. 2, 3 and 5). However, in the other two subjects
(Figs. 1 and 4), the rise in temperature did not take place until halfway through
treatment at approximately the usual time of ovulation, although the steroid analyses
showed that ovulation had been inhibited. In a previous study, a monophasic
temperature record was encountered when all other evidence indicated that ovulation
had occurred (Brown et al. 1958). These findings demonstrate that the temperature
record is not always a reliable index of ovulation.

All except one of the subjects menstruated within a few days of discontinuing
treatment. In this one subject (Fig. 5) the effect of the compound was merely to
prolong the follicular phase of the cycle. A similar delay in menstruation was
reported by Pincus et al. (1958) in a small proportion of their patients. The above
subject (Fig. 5) was also unusual in that administration of the norethisterone acetate
caused practically no increase in urinary oestradiol values indicating diminished con¬
version of norethisterone to the ethynyloestradiol-like metabolite. Although nor¬
ethisterone itself possesses some oestrogenic potency (Martin & Cunningham, 1960)
oestrogen is usually added to these progestational compounds to enhance their effect.

It is usually considered that dysmenorrhoea does not occur without ovulation, and
in the majority of the subjects studied, dysmenorrhoea was absent during the cycles
in which the drug was administered. However, in one subject (Fig. 1) dysmenorrhoea
persisted during a cycle in which ovulation had been inhibited by treatment but
follicular activity was still present. This unexpected finding could have been due to
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the fact that the hormonal environment still resembled that occurring in an ovu¬
latory cycle, namely, a rising and falling oestrogen output associated with the
progestational effect of the norethisterone. Dysmenorrhoea did not occur in the
succeeding cycle in which the output of oestrogen had been inhibited.

The interpretation of the findings in terms of progestational effect is confused by
the possible action of the oestrogen produced by the metabolism of the norethisterone,
since many of the effects of norethisterone on ovarian and pituitary function could be
reproduced by the administration of oestrogens alone. Investigations dealing with
two other progestational compounds, 6-methyl-6-dehydro-17a-acetoxyprogesterone
and G-chloro-6-dehydro-17x-acetoxyprogesterone, which on chemical grounds are

unlikely to be metabolized to any known oestrogen, have shown that these produce
the same effects on ovarian activity as those observed with norethisterone (Brown &
Matthew, 1962; Fotherby, 1962). It therefore seems likely that the main effects of
norethisterone during the menstrual cycle are exerted, not through its oestrogenic
activity but through a property common to these synthetic progestational compounds.

We wish to thank Schering, A.G., Berlin, for the generous supply of norethisterone
and its acetate; thanks are also due to the five women who volunteered for this study
and to the many members of the technical staff of the Clinical Endocrinology
Research Unit who assisted in the determinations.

A summary of this paper was given to the Endocrine Section of the Royal Society
of Medicine, and we are grateful to the Honorary Editors of the Proceedings of the
Royal Society of Medicine for permission to publish it in full.
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In the absence of a general metabolic
disorder, many gynecological conditions are
associated with falure of ovulation caused

by disturbance in the delicate interrelation¬
ship between the pituitary and the ovary.
Recurrent anovulatory cycles are frequently
associated with menorrhagia, oligomenor¬
rhea, and eventually secondary amenorrhea.
In endometrial hyperplasia, defective ovarian
response to gonadotropin stimulation leads
to failure of ovulation and in severe cases

the most distinctive histological feature in
the ovary is the absence of recent or active
corpora lutea. A similar picture is present
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in the ovary in many cases of oligomenor¬
rhea and secondary amenorrhea, and in both
conditions multiple follicles in various stages
of development are frequently observed.

In 1935, Stein and LeventhaP described
a small group of patients who had a history
of menstrual irregularities and infertility and
who were found to have bilateral ovarian

enlargement. Wedge resection of the ovaries,
initially undertaken for the purpose of eluci¬
dating the ovarian histology, resulted in the
re-establishment of normal menstrual cycles;
pregnancy was achieved in some cases. This
caused widespread interest in such surgical
procedures and it is probable that too much
attention has been focused in this direction,
with the result that many cases of oligo¬
menorrhea and amenorrhea have been in¬

appropriately treated by surgical methods.
Jeffcoate2 has stated that any surgical pro¬
cedure in these cases is empirical and has
little to commend it. On the other hand,
Bailey3 recommends the surgical approach
in cases where endocrine therapy fails tci—

913
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initiate regular menstruation and in cases
where infertility can be attributed to ovarian
dysfunction. In the present series, 18 cases
fulfill the criteria enunciated by Stein and
Leventhal,1 but wedge resection of the ova¬
ries in 4 did not result in normal menstrual

cycles, and in such cases other therapeutic
measures warrant consideration.

Little success has so far attended attempts
to induce ovulation in the human being.
The steroids have proved unreliable in the
restoration of normal menstrual cycles; this
is perhaps not surprising as they represent
a form of substitutional therapy and do not
correct the basic underlying disturbance.
Recent research has been directed to non¬

steroidal substances which modify the pitui¬
tary-ovarian pathway. This paper describes
the results obtained with clomiphene, which
is an analogue of chlorotrianisene (Tace).

Materials and methods

Cases selected for treatment with clomi¬

phene were subjected to a thorough endo¬
crinological study and, as far as possible,
pituitary and adrenal endocrinopathies were
excluded. In all cases the following investi¬
gations were carried out: vaginal cytology
for evaluation of the cornification index,
examination of the cervical mucus for evi¬
dence of arborization, radiological examina¬
tion of skull and chest, sex chromatin studies,
histological evaluation of the endometrial
pattern, and estimation of urinary 17-keto-
steroids, hydroxycorticosteroids, and gonado¬
tropins.

The study comprised 28 patients, all of
whom had secondary amenorrhea or marked
oligomenorrhea. One who had galactorrhea
associated with amenorrhea and secondary
infertility, was considered to have the Chiari-
Frommel syndrome. Seventeen had men¬
strual histories compatible with the Stein-
Leventhal syndrome, and, in addition to the
criteria originally laid down by these work¬
ers, several of them presented additional
clinical features, since described by Stein,4
such as obesity, hirsutism, acne vulgaris, and
uterine hypoplasia. This group of 17 patients
has, therefore, been classified as "Steinoid."

A further 6 patients gave a history of severe
mental and emotional disturbance and were

regarded as having psychogenic amenorrhea.
All were unresponsive to the administration
of cyclical estrogen—progesterone therapy,
and on histological examination the endo¬
metrium appeared atrophic. Of the remain¬
ing 4 patients, 2 were considered to have
premature menopause and 2 had ovarian
destruction caused by chronic oophoritis,
1 tuberculous and the other pyogenic.

Seven of the 28 subjects had previously
been subjected to ovarian wedge resection
without benefit, and examination of the
ovaries in these cases aided in their classifi¬
cation. Four were regarded as belonging to
the Stein-Leventhal group, 1 as psychogenic
amenorrhea (the ovarian tissue showing re¬
cent corpora lutea and corpora albicantia),
1 as a case of premature menopause (with
the ovarian tissue containing scant follicles
and fibrous stroma) and the last, a case of
chronic oophoritis with almost complete
ovarian destruction.

Clomiphene was administered as the cit¬
rate salt, beginning with a dosage of 25 mg.
daily for 21 days. In the majority of patients
this dosage proved too low to produce an
effect, and on increasing the dosage to 50
or 100 mg. daily, satisfactory menstrual
cycles were obtained. Originally the com¬

pound was given in a cyclical regimen for
periods of 21 days alternating with 7 days
free of therapy, but as more information
became available from our studies, the
dosage was varied. Some subjects received
100 mg. daily for 7 days with an interval of
4 weeks, and other patients were given a
dosage of 100 mg. for 100 days.

Ovulation was considered to have occurred
if all of the following criteria were satisfied:
(1) biphasic basal temperature records;
(2) inhibition of arborization of cervical
mucus; (3) a progestational pattern in
studies of the vaginal cytology; and (4)
secretory endometrial pattern.

In one patient in this series, urinary
estrone, estriol, and estradiol, as well as preg-
nanediol and total gonadotropins, were esti¬
mated before, during, and after treatment for
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Table I. Results obtained with clomiphene in the treatment of 28 cases of
secondary amenorrhea and oligomenorrhea

Pre¬
vious

wedge
resec¬

tion of
ovaries

Pretreatment endometrial
pattern

Posttreatment
endometrial

pattern

Menstrual

pattern 3
months after
completion of

treatment

Clinical
diagnosis

No.
of

cases

Duration

of
amenorrhea

Prolif¬
erative

Endo¬
metrial
hyper¬
plasia

In¬
active

No
curet-

tings*
Secre¬
tory

No
curet-

taget
Normal

cycle
Amen¬
orrhea

Chiari-
Fromel
syndrome

1 4 years
' 1 1 1

Stein-Leven-
thal

syndrome

17 1 to 8 years 4 ' 11 4 — 2 16 1 5 12

Psychogenic
amenor¬

rhea

6 1 to 6 years 1 3 3 3 3 3 3

Chronic

oophoritis
2 9 years

_ 6 years

1 - - 1 1 • - 2 - 2

Premature

menopause

2 7 years
4 years

1 - - - 2 - 2 — 2

•Curettage was performed, but no endometrial tissue was obtained.

fOperation was not performed.

3 months and these results, together with the
endometrial and ovarian histological
changes, are presented. During and after
therapy, liver function tests and hemato¬
logical and urinary studies were under¬
taken in order to rule out drug toxicity.

Results

The results obtained are summarized in
Table I. The most striking feature is that
in 20 of the 28 patients, the endometrial
pattern during treatment was noted to be

secretory in type and compatible with the
day of the cycle, and in these cases there
was also noted inhibition of arborization of
cervical mucus. These findings suggest that
clomiphene induced ovulatory-type men¬
strual cycles! during the time of treatment,
and in 8 of the patients normal cycles per- 5
sisted for at least 3 months after completion
of therapy. 1

Side effects produced by the drug were
observed in several cases, and took the form
of hot flushes, increased appetite, urinary

Table II. Side effects with clomiphene

Increased
Increased Frequency of ovarian

Flushes appetite micturition enlargement Urticaria

Chiara-Frommel 1 1 1 1 - -

Stein-Leventhal 17 7 3 16 3 1

Psychogenic 6 1 4 - -

Premature menopause 2 - - 1 - -

Chronic oophoritis 2 - ~—— 2 - -

Total 28 9 4 24 3 1
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Table III. Hematological and biochemical findings before and after treatment
with clomiphene

| Before therapy, Nov. 27, 1961 \ After therapy, May 22, 1962
Hemoglobin
White blood count

Erythrocyte sedimentation rate
Serum Bilirubin
Alkaline phosphatase
Thymol turbidity
Thymol flocculation
Zinc sulphate turbidity
Urinary 17 ketosteroids
Urinary creatinine

14.6 Gm. per 100 ml. 14.2 Gm. per 100 ml.
Normal in number, series, and proportion
5 mm. in 1 hour
0.7 mg. per 100 ml.
5 K.A. units per 100 ml.
1 U.

Negative
Negative

7.6 mg. per 24 hours
0.72 Gm. per 24 hours

9 mm. in 1 hour
0.6 mg. per 100 ml.
5 K.A. units per 100 ml.
1 U.

Negative
Negative

7.2 mg. per 24 hours
0.67 Gm. per 24 hours

frequency, increased ovarian enlargement,
and urticaria. It can be seen in Table II that
the incidence of these effects was fairly high,
the most consistent being frequency of
micturition, which occurred in 24 of the 28
patients observed.

The history and investigation of one case
is described in detail, since it is felt that this
illustrates the type of case which might be
amenable to treatment with clomiphene.

Case report
Miss M. C., aged 20 years, was seen on Oct.

26, 1961, complaining of lower abdominal pain
of 2 years' duration and scant, infrequent periods.
The menarche occurred at the age of 12 years,
and during the ensuing year there were normal
menstrual cycles. Since the age of 13, menstrual
bleeding occurred only once a year and gen¬
erally lasted 2 days. There was no relevant social
or family history. In January, 1960, laparotomy
was performed for investigation of the abdominal
pain, and appendicectomy was carried out also.
At operation, it was noted that the ovaries were

enlarged and cystic.
On clinical examination, the patient appeared

to be a normal, healthy young woman; breast
development was normal, hirsutism was absent,
and a female type of escutcheon was noted. A
mild, acneiform rash was present on the face
and shoulders. The cardiovascular and respira¬
tory systems were normal and the blood pressure
was 110/70 mm. Hg. Abdominal examination
elicited bilateral lower quadrant tenderness.
Guarding and rigidity were absent; there was no

hepatic or splenic enlargement palpable. Vaginal
examination was not possible as the patient was

virgo intacta, but on rectal examination bilateral
ovarian enlargement and tenderness were found.

Radiological examination of chest and skull re¬
vealed no abnormality. The urine contained no
abnormal constituents and was sterile on culture.

The patient was admitted to the hospital on
Nov. 27, 1961. Her last menstrual period had
been on June 7, of that year. On admission, the
studies listed in Table III were carried out, and
all the values obtained were within the normal

range.
Vaginal cytology showed that the majority of

the cells were of the basophilic intermediate or

superficial type, with a cornification index of 30
per cent. Examination under anesthesia was per¬
formed on Dec. 1, 1961. The uterus was found
to be normal in size, shape, position, and mo¬
bility, while the ovaries were enlarged to about
5 cm. in diameter. Studies of the cervical mucus

revealed partial arborization, cellular debris, and
noncrystallizing mucus. Curettage produced scant
endometrial tissue which, on microscopic ex¬
amination, showed a proliferative pattern (Fig.
1).

Therapy with clomiphene was administered
at a dose level of 50 mg. per day orally in 2
equally divided doses taken morning and evening,
from January 16, until February 6 (day 10 to
30 of the investigation) (Fig. 2). Menstruation
commenced on day 25 and was normal in amount
and duration. The patient had two further
courses of treatment at a dosage of 100 mg. per

day for 21 days separated by an interval of 7
days. On this form of treatment regular men¬
strual cycles were established and the daily basal
temperature record showed a biphasic pattern
suggesting that they were of an ovulatory type.
Dysmenorrhea occurred on the first day of each
menstrual period. From the commencement of
therapy the patient noted frequency of micturi¬
tion, increased appetite, frequent hot flushes (2
or 3 per day), and increasing pain in the right
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Fig. 1. Endometrium obtained after 177 days;
amenorrhea showing a proliferative pattern.
(x255.)

iliac fossa. These symptoms were not accentuated
by the increased dosage of the drug given in the
second and subsequent course of therapy. During
treatment, examination of the cervical mucus

and vaginal cytology in the week prior to each
menstrual flow showed no arborization and a

cytological appearance compatible with the
secretory phase of the cycle.

On day 48 (Feb. 23, 1962) rectal examination
showed that the right ovary was tender and was

twice the size previously recorded. The left ovary
was not enlarged at this time but on subsequent
examination on day 79 (March 26), it was noted
to have increased in size. Despite the fact that
therapy was discontinued on day 86 (April 3
a scanty menstrual flow of 2 days' duration oc¬
curred on May 3. It was considered that the per¬
sistent lower abdominal pain required further
elucidation. Accordingly, following a further
course of clomiphene from May 4 to 21, and
after the investigation detailed in Table I had
been repeated, laparotomy was performed on

May 22, following preliminary curettage. At
operation, both ovaries were found to be en¬

larged, the right to a diameter of 6 cm. and
the left to 4.5 cm. Numerous cysts of various
sizes were present in each ovary. Some of the
larger cysts were yellow and hemorrhagic, while
others contained clear watery fluid. Bilateral
wedge resection of the ovaries was performed.
Histological examination of the curettings re¬
vealed marked subnuclear vacuolation of the

glandular epithelium, and a pattern compatible
with the early secretory phase of the cycle
(Fis". 3)' ...

Histological examination of the ovary showed
no evidence of capsular thickening or of hyper-
thecosis. Numerous primordial follicles and fol-
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Fig. 2. Effect of clomiphene on the urinary excretion of gonadotropins,
estrogens, and pregnanediol in a patient with the Stein-type syndrome.
(Black rectangle equals periods of menstrual bleeding.)
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Fig. 3. Endometrium obtained after 17 dayr,
clomiphene therapy showing lining up of the
nuclei in the center of the cells and large basal
vacuoles. (x308.)
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Fig. 4. Early corpus luteum from right ovary with
evidence of recent bleeding in the cavity. Early
vascularization of the wall of the corpus luteum
is present. (xl45.)

licular cysts were present and each ovary con¬
tained a corpus luteum of recent formation (Figs.
4 and 5).

At the time of this writing, the patient has
not menstruated since May 3. Fler postoperative
convalescence was uneventful and she has had
no further abdominal discomfort. Since the op¬
eration no therapy has been given, and the side
effects previously described have disappeared.

Hormone assay studies
The subject collected 24 hour urine sam¬

ples continuously throughout the period of
study. Urinary estriol, estrone and estradiol
were measured by the method of Brown.5
Urinary pregnanediol was determined by the
method of Klopper and co-workers.6 For
the estimation of human pituitary gonado¬
tropins (HPG) in urine, the method of
Loraine and Brown7 was employed.

Throughout the period of investigation,
urinary HPG readings were low, ranging
from 3 to 34 human menopausal gonado¬
tropin (HMG) units per 24 hours. These
values are within the range normally encoun¬
tered in women during reproductive life.8, 9
It should be noted, however, that in neither
of the two ovulatory menstrual cycles induced
by the administration of the compound was
there a midcycle HPG peak.

During the control period (days 1 through
9), the sum of the excretion values for
estrone, estradiol, and estriol was less than

10 fig per 24 hours, indicating absence of
ovarian activity.10 During the first course of
treatment (days 10 to 30) urinary estrogen
excretion increased and remained at an

elevated level until day 25, when the excre¬
tion began to fall and menstruation com¬
menced. During this period, pregnanediol
excretion was only slightly elevated, and the
.findings were similar to those observed by
Fotherby and Brown11 in certain types of
anovular cycles.

From day 31 to 37 no treatment was

given. Estrogen levels rose to an ovulatory
peak, which was followed by luteal phase
rise in estrogen and pregnanediol excretion
with menstruation commencing on day
53. The luteal phase was unusually long,
lasting 17 days. The results were thus similar
to those seen during a normal ovulatory men¬
strual cycle, in spite of the administration
of clomiphene from day 38 to 58.

Estrogen excretion, which was extremely
high on days 55 and 56, decreased on days
57 and 58 and rose again to an ovulatory
peak on days 61 and 62. This was followed
by a luteal phase rise in estrogen and preg¬
nanediol excretion and by menstruation from
days 80 to 85. Both these events occurred
during the third course of therapy (days 66
to 86). Following cessation of treatment, no
further peak of estrogen excretion took
place during the remaining 7 days of the
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Fig. 5. Early corpus luteum from left ovary.
(xl45.)

study. This may have been caused by the
fact that the cycle commencing on day 80
was unduly long, lasting 37 days.

During the period of study, a considerable
increase in the patient's urinary output was
noted and, as previously mentioned, this was
associated with frequency of micturition. An
analysis of significance showed that the mean
urinary output (ml. per 24 hours) in all
three phases of treatment was significantly
higher than that of the control period
(P < 0.05 >0.02; <0.001; <0.001 for
periods one, two, and three, respectively).
When the dosage of clomiphene was in¬
creased in the second and third courses of

treatment, a further highly significant in¬
crease in urinary output (P < 0.001) was
noted over that in the first period of treat¬
ment.

Comment

Secondary amenorrhea is a symptom
which presents diagnostic and therapeutic
problems. It is sometimes impossible to
differentiate psychogenic amenorrhea from
that caused by hormonal imbalance. If
secondary amenorrhea occurs in patients
with no evidence of estrogen deficiency or of
disease involving an essential link in the
pituitary-ovarian-endometrial pathway, it is
commonly caused by an emotional disturb¬
ance. Six patients in the series had amenor¬
rhea which failed to respond to numerous
forms of therapy including, in one case,

wedge resection of the ovaries. This is in
agreement with the findings of Jones and
Nalley12 that psychogenic amenorrhea is re¬

markably resistant to therapy.
Induction of ovulation by the administra¬

tion of partially purified human pituitary
follicle-stimulating hormone followed by
human chorionic gonadotropin was reported
by Gemzell and associates.13 Their assump¬
tion that ovulation had resulted from the

therapy was based on: (1) the results ob¬
tained from urinary estrogen and preg-
nanediol assays, (2) the secretory endometrial
pattern obtained on biopsy, and (3) the
culdoscopic examination of the ovaries to
confirm the presence of a corpus luteum.
Gemzell14 has since reported twin preg¬
nancies in 2 patients who had received this
sequential form of therapy for amenorrhea.
Similar results have been reported by Buxton
and Hermann,15 but both groups of workers

ORAL TEMR.

Fig. 6. Basal temperature record during clomiphene therapy of a patient with Stein-Leventhal
syndrome who had not responded to ovarian wedge resection.
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reported cessation of menstruation on dis¬
continuation of the therapy. They also noted
cystic enlargement of the ovaries while on
therapy. Pure extracts and synthetic an¬
alogues of pituitary gonadotropins are not
at present available and to date ovulation
cannot be specifically and regularly induced
in the human being.

Mode of action

Clomiphene has the following structural
formula:

l-[p-(/8-diethylaminoethoxyl) phenyl]-1, 2-
diphenyl-2—chlorethylene

Previous investigations have shown that
clomiphene is capable of restoring normal
menstrual cycles in certain cases of second¬
ary amenorrhea and in particular in patients
with the Stein-Leventhal syndrome.16"18

The mode of action of clomiphene remains
obscure and the effects produced appear to
be different in animals from those in man.

Thus, in rats, Ploltkamp and co-workers19
and Segal and Nelson20 have shown that
clomiphene inhibits ovulation, whereas in a
proportion of the human subjects studied,
administration of the compound appears to
produce cycles of an ovulatory type. Green-
blatt and co-workers16 found that when

clomiphene was administered to 4 women
with normal menstrual cycles there was no
evidence to indicate inhibition of ovulation
and in 2 patients prolongation of the luteal
phase of the cycle to 20 and 25 days, re¬
spectively. Prolongation of the luteal phase
of the menstrual cycle would be indirect
evidence that clomiphene stimulates and
does not inhibit gonadotropin secretion;
Paulsen and Herrmann21 have suggested
that the compound acts by stimulating the
secretion of pituitary gonadotropins. In the

hormone assay studies in our case no change
in urinary PIPG excretion occurred during
therapy with clomiphene, and it therefore
appears possible that the compound acts
directly on the ovaries rather than through
the pituitary. It should be emphasized, how¬
ever, that the bioassay method employed
for HPG, the mouse uterus test, is not
specific for either follicle stimulating hor¬
mone or luteinizing hormone22 and that,
therefore, a differential effect on gonado¬
tropin excretion cannot be excluded. If the
compound exerted its effect directly on the
ovaries, its mode of action would then be
at the same level as that of the progesta¬
tional compounds, norethisterone and nor-
ethisterone acetate and the dithiocarbamoyl-
hydrazine derivative, Compound 33, 828
(Imperial Chemical Industries, Ltd.) which,
when administered to normally menstruating
women and to patients with dysmenorrhea,
have been shown to be capable of inhibiting
ovulation without affecting PIPG excre¬
tion.23' 24 In the same patient with two men¬
strual cycles induced by the administration
of the compound, ovulatory peaks of estrogen
excretion occurred and these were followed

by a luteal phase rise in the excretion both of
estrogens and pregnanediol. Further evidence
that ovulation had occurred following ther¬
apy by clomiphene was furnished by such
findings as the biphasic temperature record
and the absence of arborization of the
cervical mucus. Also, the histological pat¬
tern of the endometrium and the corpora
lutea were compatible with the same day of
the cycle as judged by the criteria of
Corner25 These findings substantiate the
urinary hormone assays, which indicate that
clomiphene is not a progestational agent.

No androgenic properties could be ascribed
to this compound even when patients had
been on continuous high dosage therapy for
100 days. As judged from urinary assays of
17-ketosteroids and 17-hydroxycorticosteroids,
no effect on adrenal cortical function has
been noted. —

The ovarian enlargement accounted for
by luteal cyst formation26, 27 was the result
of therapy and resembles the exaggerated
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response of the polycystic ovary to gonado¬
tropic stimulation. Jones and Jones28 ad¬
ministered 250 R. U. of equine gonadotropin,
followed by 5,000 I. U. of human gonado¬
tropin, to patients with amenorrhea and
found that those with polycystic ovaries
showed further ovarian enlargement. Simi¬
larly, when gonadotropin therapy was given
at the commencement of menstruation to

normal women, cystic enlargement of the
ovaries occurred and it was concluded that
this change was due to an augmentation re¬

sponse to endogenous pituitary gonadotropin.
The occurrence of hot flushes, which were

marked in 9 of our cases of secondary
amenorrhea, could also be accounted for by
increased production of pituitary gonado¬
tropin. The increased urinary output was
statistically significant in 5 patients and a
complaint of frequency of micturition was
noted in 24. In addition, 4 patients com¬

plained of an increase in appetite; this would
indicate that the action of this compound
modifies the pituitary-ovarian pathway via
the hypothalamic centers. Sawyer29 has re¬
ported that the hypothalamic centers are
influenced by ovarian steroids. Harris and
Michael30 have shown that the synthetic
estrogen, stilbestrol, when implanted in the
posterior hypothalamus, modifies the hypo¬

thalamic pituitary pathway. The exact site
of action is unknown, but it is suggested
that the action is primarily on the ovary
with secondary effects on the hypothalamic
centers. Alternatively, the primary site of
action may be on the hypothalamus. In
either case, modification of the pituitary-
ovarian pathway will result.

Summary
The treatment with clomiphene of 28

cases of secondary amenorrhea and oligo¬
menorrhea has been described and induction
of ovulatory type cycles in 20 of these pa¬
tients recorded. Therapy with clomiphene
was unsuccessful in cases of intrinsic ovarian

failure, as illustrated by 2 patients with a
premature menopause and 2 patients with
chronic pelvic inflammatory disease.

The mode of action of clomiphene has
been discussed-
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out. We also wish to thank Dr. D. Mansel-Jones
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plies of clomiphene, and to Mr. G. Kerr, Glas¬
gow, for photographic work. In the performance
of the assays, the skilled assistance of many tech¬
nicians at the Clinical Endocrinology Research
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Preliminary Communications
Effect of Qoimphene on Urinary

Oestrogens in Men
A new experimental drug, clomiphene (l-[>(/?-diethyl-
aminoethoxy)phenyl]-1,2-diphenyl-2-chloroethylene) cit¬
rate has gonadotrophin-inhibiting, mild oestrogen-like,
and oestrogen-antagonizing effects in rats (Holtkamp,
Greslin, Root, and Lerner, 1960). It is reported to
induce ovulation in anovulatory subjects (Greenblatt,
Barfield, Jungck, and Ray, 1961 : Charles, 1962 ; Charles,
Barr, Bell, Brown, Fotherby, and Loraine, 1963) and
to increase the urinary excretion of gonadotrophins,
1 l-desoxy-17-ketosteroids, and oestrogens in men (Paul-

■ sen and Hermann, 1962). The oestrogen-excretion values
previously reported were determined by biological assay,
and no attempt was made to measure separately the
output of oestradiol 17/?, oestrone, and oestriol.

The aim of the present communication is to report
. the effect of clomiphene on the urinary excretion of these
three oestrogens in healthy male volunteers. A study
of patients with prostatic carcinoma was also planned
when this investigation was initiated in 1961, a gonado¬
trophin-inhibiting effect (possibly to be followed by
tumour regression) being anticipated. This part of the
study was' abandoned when it became apparent that the
effects of clomiphene in man differed substantially from
what was expected on the basis of animal experimenta¬
tion. There is still much uncertainty about the mechan¬
ism by which the drug acts in human subjects.

Effect on Oestrogen Excretion

The study was carried out on five healthy men aged
22 to 38, no restriction having been placed on their
normal activities. The drug was administered orally at
approximately 12-hour intervals for 11 to 14 days.
Subjects 1, 2, and 5 received 100 mg. a day, and subjects
3 and 4 received 200 mg. a day. Twenty-four-hour urine
specimens were analysed for the three " classical"
oestrogens in duplicate by the method of Bauld (1956).
In some instances specimens collected during two to
five adjacent days were pooled for analysis.

Fig. 1 shows a definite increase of oestradiol and
oestrone levels during the second week on clomiphene
(P<0.01) and a reduction of oestriol in three out of
five subjects. A dose of 100 mg. daily had as great
an effect on oestradiol and oestrone as double this dose.

The failure of all three oestrogens to show parallel
changes was regarded as unusual, raising the possibility
that the clomiphene was interfering with the oestrogen
estimations. Such an effect has been observed with other
drugs (Brown, Bulbrook, and Greenwood, 1957a). A
further study was therefore undertaken in Subject 1,
substituting the method of Brown (1955) as modified
by Brown, Bulbrook, and Greenwood (1957b) for the
method of Bauld (1956) in the oestrogen determinations.
Clomiphene was administered for 12 days, using double
the dose taken previously by this subject, and the
oestrogen excretion was followed for three weeks after
it was discontinued. Fig. 2 shows once again an increase
in oestradiol and oestrone and a reduction of oestriol
concurrent with the period of clomiphene administration.
It is also of interest that after discontinuation of the
drug the oestrone levels dropped below control values,
whereas oestriol increased to approximately twice the

control amount. These effects were still apparent two
weeks after stopping clomiphene.

Confirmation of the previous results by another
chemical method of oestrogen determination made
interference with the analysis by the drug an unlikely
cause of the changes observed. To give even greater
confidence to the results an aliquot of the urine collected
after one week on clomiphene was assayed by a modi¬
fication of the method described by Brown and Blair
(1960) which incorporates additional purification by
separation into ketonic and non-ketonic fractions with
Girard's reagent T. The same oestrone, oestradiol, and
oestriol values were obtained as were found without this
additional step. Finally, 40 mg. of purified clomiphene
citrate (47% isomer A) was added to an aliquot (200 ml.)
of urine prior to hydrolysis without altering the resulting
oestrogen values.
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Fig. 1.—Urinary oestrogen levels before and during clomiphene
administration to five men.
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Fig. 2.—Subject 1. Urinary oestrogen levels before, during, and
after administration of clomiphene, 100 mg. b.i.d. for 12 days.
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Effect on Oestradiol Metabolism

The effect of clomiphene on the excretion of labelled
oestrogens after administration of tritiated oestradiol
was studied in two subjects. Oestradiol 17/3 6, 7H3
(specific activity 3.7 /xc.//xg.) was injected intravenously
at the beginning of each study, a tracer dose (1 /xg.)
being employed. Urine was collected during the next
five days. Oestradiol, oestrone, and oestriol were isolated
from the pooled collection by the method of Bauld
(1956), each final fraction being assayed chemically and
for radioactivity. Endogenous oestradiol production
rate was calculated by relating the percentage of injected
radioactivity excreted in each fraction to the excretion
rate of the corresponding oestrogen. The measurement
of oestradiol production rate and the assumption made
when it is calculated from oestrone or oestriol data have
been discussed elsewhere (Morse, Clark, and MacLeod,
1963).

The percentage of the tritiated oestradiol recovered
in the urine as labelled oestradiol and oestrone was

practically unaltered by treatment with clomiphene' (see
Table), indicating that the observed increases in urinary

epigastric burning the following day, none of the
symptoms recurred.

Subject 3 reported mild insomnia throughout his
13-day course of clomiphene, occasionally seeing " three
or four images when looking out of the corner of the
eye" (especially when rising quickly to stand) during
the first week on medication, bowels moving less often
than usual, and fatigue during the first few days.

Summary

Administration of clomiphene to men caused an
increase in the urinary excretion of oestradiol and
oestrone, and in many cases a decrease in the excretion
of oestriol. The increase in oestrone and oestradiol was

accounted for by an increase in the production rate of
oestradiol. Clomiphene interfered in the metabolic
conversion of oestradiol to oestriol, and this more than
accounted for the decrease in excretion of oestriol.
These effects, which presumably were interrelated, were
reversed during the immediate post-treatment period.

Doses of 200 mg. daily can be associated with
unpleasant side-effects.

Oestradiol Production Rate and Fraction of Tritiated Oestradiol Excreted Before and During Clomiphene

Oestradiol Fraction Oestrone Fraction Oestriol Fraction

Subject Days on
Clomiphene Excretion

Rate
(jig. day)

Tritium* Oestradiolj
Gug./day)

Excretion
Rate '

O^g./day)
Tritium* Oestradiolf

Gug./day)
Excretion

Rate
(ng./day)

Tritium* Oestradiolj
(/2g./day)

4 { Before {
7-11

2-1
4-0

4-5
31

47
130

7-8
13-3

16-0
14-6

49
91

7-1
5-3

10-9
2-5

65
210

5 { Before
7-11

3-1
7-0

3-5
3-7

89
189

8-4
25-6

9-3
14-3

90
179

(12-5
18-8

7-4
3-5

169
. 537

* Percentage of injected tritium in final oestrogen fraction (total for five-day urine collection),
f Oestradiol production rate. Oestrone and oestriol were assumed to be specific oestradiol metabolites.
I One year before clomiphene study; therefore, excretion rate different from that in Fig. 1.

oestradiol and oestrone resulted from an increase in the
production rate of oestradiol. On the other hand, the
radioactivity recovered as oestriol decreased consider¬
ably, indicating an interference in the metabolic conver¬
sion of oestradiol to oestriol. This decrease was much
greater than any observed decrease in the excretion of
endogenous oestriol so that the daily production rates
of oestradiol calculated from the oestriol figures' (210
and 537 pg. for the two subjects) were greater than those
calculated from the oestradiol and oestrone figures (130
and 91 /xg. and 189 and 179 /xg.). This discrepancy
suggested that during treatment with clomiphene the
miscible pool of oestradiol was not precursor to at least
half of the oestriol excreted or, alternatively, that inter¬
ference had occurred in the measurement of oestriol.

Side-effects of the Drug

Two subjects experienced side-effects during clomi¬
phene administration. Both were taking 100 mg. twice
daily, which is double the currently recommended
maximum dose.

On the twelfth day on clomiphene Subject 1 noted
burning epigastric discomfort which aroused him from
sleep, followed by insomnia, waves of paraesthesia (each
wave accompanied by a fear that consciousness would
be lost), and shivering. When his room was lighted the
objects at the periphery of the visual fields seemed
suddenly to move and then return to their original
position at frequent intervals. Physical examination
revealed no abnormality apart from agitation. Ingestion
of a barbiturate sedative was soon followed by sleep.
Clomiphene was discontinued, and, apart from mild
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Frequent references will be made during this meeting to the effects
of various steroid hormones on the ovulation cycle in the normal human
ovary. Therefore, it would seem appropriate at this stage to consider
some of the factors which are involved in this cycle. We have attempted
to study these factors, first of all, by measuring oestrogen, pregnanediol
and gonadotrophin excretion in the urine as assessments of ovarian and
pituitary activity and later to use these measurements to track ovarian
responses to endogenous and exogenous stimuli and suppressants.

The Normal Menstrual Cycle
The outputs of ovarian hormones and of pituitary gonadotro¬

pins throughout the normal menstrual cycle follow highly character¬
istic patterns which are illustrated in Figure 1.

The results were from a patient, aged 41 years, having normal,
regular menstrual cycles, who was about to receive a sterilising dose of
irradiation to the ovaries as a treatment for metastatic cancer of the
breast. Listed are the daily excretions of oestradiol, oestronc and oest-
riol in microgrammes per 24 hrs. urine, pregnanediol in milligrammes
per 24 hrs. urine and pituitary gonadotropins in HMG units per 24 hrs.
urine. Basal temperature recordings are also shown. The values ob¬
tained between the two episodes of bleeding are typical of those found
during the ovulatory menstrual cycle. The amounts of the three oest¬
rogen metabolites excreted rise and fall in parallel, with oestriol lagging
slightly behind the other two. Together these urinary oestrogens rep¬
resent approximately 20% of the total oestrogen secreted by the ovaries.
The output is lowest during the first week and then rises to a well
defined peak at the mid-cycle period, termed the "ovulatory" peak. In
this subject, the "ovulatory" peak occurs on the 17th day of a 33-day
cycle. The oestrogen excretion then falls and rises again to a second
maximum, termed the "luteal maximum", and then falls again during
the last few days of the cycle. Menstruation occurs at this time, 12 to
16 days (mean 14 days) after the "ovulatory" peak. The pregnanediol
excretion, which represents approximately 10% of the progesterone pro¬
duced, is uniformly low (approximately 1 mg./24 hrs.) during the first
half of the cycle, rises to a well defined maximum during the
second half and falls before the onset of menstruation. The raised
pregnancdiol levels indicate the presence of a functioning corpus luteum.
The gonadotrophin values shown were obtained by the mouse uterus
test. At the time of this investigation this test was thought to give a
combined measure of follicle stimulating hormone (FSH) and lutein-
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ising hormone (LH). More recent work indicates that, during the
menstrual cycle, the test gives more a reflection of LH output by
the pituitary than of FSH. The important point is that the gonado¬
tropin levels as measured by the mouse uterus test remain uniformly
low at approximately 10 HMG units per 24 hrs. throughout the cycle
except for an abrupt rise for a day or two at the mid-cycle point. This

M.R. Age 41. Para 2 (Breast carcinoma)

Morning temperature Irradiation of
I ovaries

115
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Estimations made daring a complete menstrual cycle and after
ovarian irradiation.

(From Brown, Klopper and Loraine, 1958.)

Fig. 1.

mid-cycle peak of gonadotrophin occurs either on the same day as the
first peak of oestrone and oestradiol or one or two days later. The rises
in pregnanediol output and basal temperature, which reflect the increas¬
ing production of progesterone by the corpus luteum, post-date the first
oestrogen peak by one to four days. All these changes occur to a
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;reater or lesser degree in every ovulatory cycle yet studied. The
[uestion arises, which of these changes is most closely related in time
o ovulation and can any be used as proof that ovulation has occurred?

ESTROGEN LEVELS DURING THE MENSTRUAL CYCLE.,

DATA FROM 16 WOMEN. AGED IB —41 YEARS

Fig. 2. Oestrogen values found during the menstrual cycle from a
number of individuals.
(From Brown, 1959.)
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Our recent approach to the problem has been to determine the patterns
and sequence of these changes in ovarian cycles which have been
artificially induced by administering human gonadotrophins. Professor
Shearman has already reported the suppression of these patterns in
cycles rendered infertile by oral contraceptives. Dr. Stevens, by em¬
ploying specific assay methods, has determined the sequence of FSH
and LH release during the menstrual cycle and has confirmed that
there is a peak of LH excretion at about the time of ovulation. How¬
ever, before proceeding, I would like to point out some features which
have a bearing on the design of sequential treatment with oestrogens
and progesterone.

Figure 2 summarises the oestrogen values found during the men¬
strual cycles of a number of individuals; the cycles have been adjusted
for comparison to an average length of 28 days. The ovarian cycle can
be divided into three or four distinct periods, as follows:

(1) days 1-7: the stage of relative quiescence;
(2) days 7-15: the oestrogenic phase, which includes the ovulatory

peak;
(3) days 15-25: the luteal phase of combined oestrogen and pro¬

gesterone production;
(4) days 25-28: the withdrawal phase leading to menstruation—this

is in effect the beginning of the stage of relative quiescence.
If the aim of treatment is to suppress ovarian function and yet to

imitate the steroid output of the normal menstrual cycle, then it would
seem logical that the dosage schedule should be based on the above
sequence. The majority of agents which suppress ovarian function are
most effective when given before the rapid growth phase of the follicle—
that is, before day 7 of a 28-day cycle. Because of this, such treatment
is generally commenced on day 5. The best imitation of the normal
ovulatory cycle then would be produced by the following:

(1) oestrogen alone for 10 days starting on day 5—i.e., day 5 through
to day 14;

(2) oestrogen plus progestogen for the next 10 days; i.e., day 15
through to day 24;

(3) no further treatment for 8 days—i.e., day 25 through to day 28
when menstruation would be expected, and day 1 through to day
4 of the next "cycle".

Some drug firms have already adopted schedules similar to this
and are thus imitating the normal as closely as possible.

Experiments with Exogenous Human Gonadotrophins:
By administering human gonadotrophins to women with

amcnorrhoea and anovulatory cycles, we set out to elucidate some of
the factors involved in the maintenance of fertility. It was necessary
that pregnancy should result from the treatment since this is the only
incontrovertible proof that ovulation and normality of ovarian response
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e been achieved. Furthermore, since the aim was to reproduce the
mal menstrual cycle, it was necessary to have a rapid daily measure
the ovarian response so that over—or under—stimulation could be
lided. This can be achieved by measuring oestrone output in the
le. However, we have preferred to measure three urinary oestrogens,
I by streamlining our assay procedure we now obtain figures for
triol, oestrone and oestradiol on four urines in 5-6 hours. The
le comes in the morning, the results are available the same after-
>n and the dosage schedule for the next morning can be decided
ordingly.

first day of HCG administration.

Figure 3 shows the results of such a study in a patient, aged 26
rs, who had not menstruated spontaneously for 9 years. Before
ltment total oestrogens measured 8 \xg./24 hrs., indicating absence of
rian activity. Her gonadotrophin excretion was 15 HMG units/24

. Human pituitary FS'H (HPFSH) (3 mg.), prepared by the method of
nzell (1963), was given daily, commencing July 15. A satisfactory
trogen output had been reached 8 days later (July 22), and human
irionic gonadotrophin (3,000 1U) and further FSH (3 mg.) were
;n on July 23. TTre single dose of HCG was chosen as being the
rest equivalent to the brief peak of LH excretion which occurs mid-
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way through the normal menstrual cycle. The oestrogen values reached
a peak on the day the HCG was given, fell, rose again to a second
maximum and fell again before the onset of menstruation. A corres¬
ponding rise and fall in pregnanediol values also occurred, and in general
the levels of steroid hormones elicited were comparable with those found
during a normal cycle. However, the time interval between the first
oestrogen peak and menstruation was only 9 days, whereas in the
normal it is 12-16 days. Intercourse had been recommended on the
evenings before and after HCG was given, but no pregnancy resulted.
A similar shortening of the luteal phase has been observed in menstrual
cycles immediately following the amenorrhoea of lactation, but this was
self-correcting in later cycles (Brown, 1956). Therefore the dosage
schedule was repeated in August with exactly the same results. The
absence of pregnancy could be attributed to possible genital hypoplasia
which had developed during the period of amenorrhoea or to the
abnormally short luteal phase. The aim of the next schedule was to
provide a greater stimulation and also to prolong the luteal phase.
HPFSH (3 mg.) was given daily from September 4. The oestrogen
output was allowed to rise above that found during the normal
menstrual cycle, and HCG (3,000 IU) was given on September 12J
Additional HCG (2-3,000 IU) was given on September 15, 18 ancj
21. This treatment caused a more vigorous follicular and luteal
response than normal, with total oestrogen values reaching 300
tig./24 hrs. and pregnanediol values reaching 20 mg./24 hrs. The time
interval between the first oestrogen peak and menstruation was 14 days,
showing that the luteal phase had been extended by giving HCG. During
the next cycle, a more normal response to HPFSH was elicited,
and 2,000 IU HCG were given to induce ovulation, followed by three
smaller doses of 500 IU during the luteal phase. These smaller doses
were perhaps insufficient or not frequent enough to prevent a marked
decrease in steroid output, which occurred 7 days after ovulation, but
the levels recovered and then began to increase spontaneously. A
positive resuit to the pregnancy (male toad) test was reported on
November 25, and the patient subsequently was delivered of a healthy
girl after an uneventful pregnancy.

The establishment of pregnancy proves that ovulation occurred
during the October cycle, and, since the response patterns were essen¬
tially similar in the other cycles, it can be assumed that ovulation
occurred in these also. Similar patterns were also found in another
subject who became pregnant, but abortion of a single female foetus
occurred at 23 weeks. A distinct peak of oestrogen excretion, followed
by a definite decrease and then another increase, was elicited in all of the
seven cycles induced by gonadotrophin therapy in these two patients.
The peaks of urinary oestrone and oestradiol levels occurred on the same
day as the initial dose of HCG in five of the cycles and on the
following day in the remaining two. A similar oestrogen peak has been
observed in every normal ovulatory cycie we have studied (Brown
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and Matthew, 1962). It seems that the temporary fall in oestrogen
output after the peak is an intrinsic feature in the mechanism of
ovulation, and that ovulation is unlikely if this has not occurred. This
finding is important, since it provides a further test for ovulation which
is independent of those usually employed, such as basal temperature
records, endometrial biopsies and pregnanediol assays, which detect
the presence of a functioning corpus luteum.

Clearly, ovulation was induced by the HCG, but the experi¬
ments give no information about how long it took for the HCG to
have this effect. The oestrogen peak occurred either on the day the
HCG was given or on the day afterwards at the time when ovulation
could have been expected. It is possible, therefore, that the abrupt
change from increasing to decreasing oestrogen output took place at
the moment of ovulation, but this detail would be obscured here by
the 24-hour period taken to collect the specimens of urine. During a
spontaneous ovulatory cycle, the mid-cycle peak of urinary oestrogen
excretion occurs either on the same day as the rise in urinary LH or 1
to 3 days before. This apparent anomaly in the time sequence between
the oestrogen peak and the giving of HCG in the induced cycles,
and the oestrogen peak and the appearance of LH in the urine in the
spontaneous cycles, are probably due to the much slower rate of clear¬
ance of the gonadotropins as compared with the ovarian hormones.

In both subjects, a functioning corpus luteum developed after
the initiation of ovulation, without further gonadotrophin therapy.
However, the lengths of the luteal phases were less than normal, but
could be extended by giving additional HCG. This has been the find¬
ing in all five subjects whom we have treated in this way. Other
workers do not seem to have encountered this difficulty, but they have
used much bigger doses of HCG over longer periods of time to
induce ovulation. Because of the slow clearance rate of HCG, these
doses have probably been effective for sufficient time to give luteal
phases of normal duration. The results obtained here indicate that the
corpus luteum is normally supported to a certain extent by a trophic
hormone from the pituitary and that this hormone is luteinising in
nature. Such a conclusion is in agreement with the findings of Rice,
Hammerstein and Savard (1964), who found that steroidogenesis in
human corpora lutea in vitro is stimulated bv the addition of HCG
or LH.

Initiation of Ovulation in Anovulatory Cycles:
Two patterns of oestrogen excretion can be distinguished during

anovulatory cycles, one in which the oestrogen levels remain moder¬
ately elevated and more or less constant and bleeding occurs as a
breakthrough phenomenon, and one in which there is a single rise
and fall in oestrogen levels and bleeding occurs usually as a withdrawal
phenomenon (Brown and Matthew, 1962). Presumably the latter pat-
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tern is produced by a growing and then regressing follicle which does
not rupture, and it should be possible to induce ovulation in these
cases by giving HCG at the correct time.

Figures 4 and 5 show the results obtained in such a case.
Mrs. A.W., aged 28 years, has had a long history of irregular bleeding,
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Fig. 4. Pregnanediol and oestrogen excretion of a subject with
irregular anovulatory bleeding. For description see text.

Fig. 5. Pregnanediol and oestrogen excretion of the same subject
as in Figure 4. For description see text.
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sometimes metropathic in type, and infertility. Wedge resection of the
ovaries was performed 11 years ago, and no evidence of ovulation has
been obtained at any investigation before or since then. Ovarian
activity has been tracked for more than a year, urine samples being
collected twice weekly and then daily during periods of treatment. After
a period of quiescence, there was a rise and fall in oestrogen output,
but no corresponding increase in pregnanediol output. The menstrual
bleeding from this control cycle was therefore anovulatory in nature.
After a further interval, the oestrogen levels rose again, and a single
dose of HCG (2,500 IU) was given at this time. There was a fall in
oestrogen output followed by a slight rise and also a slight rise in
pregnanediol output, and menstruation occurred 12 days after the HCG
was given. There was therefore some evidence of luteinisation. After
this episode, there was ovarian quiescence for more than two months.
Oestrogen levels then began to increase, and HCG (5,000 IU) was
given on February 21 and again on the 24th and on March 3 and 5.
There was a definite rise in pregnanediol output, which was maintained
under treatment, and then there was a fall before the onset of
menstruation on March 13. After the first dose of HCG, there was

fa fall in oestrogen levels, followed by a steady increase which per¬
sisted in spite of the decrease in pregnanediol values and the menstrual
bleeding, and maximum values were finally reached on March 22.
Another episode of bleeding lasting 13 days commenced on April 18.
This is the first time that we have had evidence of follicular development
at a time of elevated pregnanediol output. Another increase in oestrogen
excretion occurred in May, and HCG (5,000 IU) was given on May
8, 13, 15 and 18. This elicited a marked increase of pregnanediol
output and an apparent luteal phase lasting 17 days. No treatment
was given during the last cycle, and there was a complete reversal to
the anovulatory type. This patient has had intercourse at the beginning
of each series of treatments with HCG, but has not yet become
pregnant. Such patients are notoriously difficult to study, since they
may ovulate spontaneously in between a series of anovulatory cycles.
However, these results and those obtained from two other patients
with the same complaint show that HCG will induce luteinisation
if given during a period of follicular development. Whether ovulation
is also induced cannot be proven, since no pregnancies have resulted.
In seeking reasons for this failure, it has been noted that the spon¬
taneous rise in oestrogen output in these cases is often more
gradual than that observed during the normal cycle. Perhaps the
ovum is too old for fertilisation when it is shed. We have therefore
treated Mrs. A.W. with HPFSH to promote more rapid development
of the follicle. There has been no response to doses which would
stimulate marked follicular development in our patients with
amenorrhoea. It therefore seems that the ovaries of these patients are
more refractory to gonadotrophins than the normal, and this may be
one of the aetiological factors in the disorder.
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It is a great honour for me to be invited to
deliver this Eighth John Shields Fairbairn
Memorial Lecture, and I am deeply sensible of it.
I am proud that I am the second lecturer to come
to you from Melbourne because I happen to
know that Dr. Fairbairn had a particular con¬
nexion with that city. Thirty-one years ago
Melbourne celebrated its centenary and among
the many distinguished visitors came Fairbairn,
the President of the Royal College of Obstetric¬
ians and Gynaecologists, and Ewen John
Maclean, the Vice-President, who was also at
that time the President of the British Medical
Association. In September, 1935,1 was a student
present in the Wilson Hall at the ceremony
during which the University of Melbourne
conferred on these gentlemen the degree of M.D.,
honoris causa.

At the Royal Women's Hospital, Melbourne,
we have an Endocrine Clinic under the direction
of J. W. Johnstone. He is the senior gynaecologist
at the hospital and is ably assisted by an endocrine
physician, Pincus Taft, and by J. B. Brown.

It is eight years since Gemzell, Diczfalusy, and
Tillinger (1958) first reported successful induc¬
tion of ovulation in the human, using pituitary
gonadotrophin obtained from human sources. In
1960 Kistner and Smith also achieved success,
using a non-steroid oestrogen antagonist, MER

* John Shields Fairbairn Memorial Lecture delivered
by Professor Lance Townsend at the Royal College of
Obstetricians and Gynaecologists, 20th May, 1966.
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25. Subsequently, ovulation has also been
induced, by Lunenfeldt et al. (1961) using human
gonadotrophin extracted from the urine of post¬
menopausal humans, and by Greenblatt et al.,
also in 1961, using clomiphene citrate, an
analogue of the non-steroid oestrogen chloro-
trianisene.

Normal Ovulation

At one time it was thought that there were
three human gonadotrophic hormones, but the
human anterior pituitary gland is now considered
to produce only two such hormones—the
follicle-stimulating and the luteinizing. Bahn et
al., in 1953, demonstrated the presence of these
two hormones and their subsequent clinical use
sequentially has produced ovulation, and has
confirmed that they are the only ones necessary
to induce ovulation and a functioning corpus
luteum in the normal female. Unfortunately
methods of measuring the level of each of these
pituitary gonadotrophic hormones during the
monthly cycle are not accurate, because biologi¬
cal assays are necessary. However, it is thought
that production of follicle-stimulating hormone
rises from the day the menses begin to a peak on
day 7, after which a fall occurs on day 14 back to
the level of day 1. The luteinizing hormone
production is thought to remain constant until
day 12, after which a sharp rise occurs to reach a
peak on day 14, after which there is a sharp drop
to the constant level by day 16. The production
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Fig. 1

Urinary oestrogen excretion during the menstrual cycle.
Data from 16 women, aged 18-41 years.
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Fig. 2

Total urinary oestrogen excretion during the menstrual
cycle. Data from 16 women, aged 18-41 years.
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of oestrogen and progesterone during the
monthly cycle is well known. In 1955 Brown first
described a method of estimating oestrogen in
human urine, and in the same year Klopper el at.
a method of estimating pregnanediol in the
urine. Using these methods the following levels
have been found for each day of the cycle.
Figure 1 shows the urinary levels of oestriol,
oestrone and oestradiol, and Figure 2 the total
urinary oestrogen levels (Brown, 1959).

Tests for Ovulation

There are many methods that can be used to
ascertain whether ovulation has occurred in any

particular cycle. Flowever, when ovulation has
been artificially induced the only real test is a
subsequent pregnancy, and it is this criterion
which has been adopted in the present report.
The well-known features used to diagnose
ovulation may be listed as follows:

(1) Endometrial biopsy in the second half of
the cycle, showing a secretory pattern on
microscopy.

(2) Basal temperature chart showing a biphasic
pattern.

(3) Vaginal smears showing parabasal cells.
(4) Discovery of pregnanediol levels of more

than 1 mg. per 24 hours in the urine.
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Urinary excretion of oestrogens and pregnanediol.

(5) Fern test showing disappearance of sodium
chloride crystals in the cervical mucus.

(6) Mittelschmerz or pain of ovulation.
(7) Direct observation of the ovary at laparo¬

tomy or culdoscopy.
(8) Estimation of oestrogen levels, showing a

peak at ovulation followed by a drop and a
subsequent rise to not quite the pre-ovulatory
level by day 21 (Fig. 3).

Clinical Aspects of Non-Ovulation

The woman who is not ovulating may present
to her medical adviser in many ways. The three
common conditions that may be associated with
non-ovulation are:

(1) Infertility.
(2) Amenorrhoea, either primary or secondary.
(3) Irregular menstruation.

Failure to ovulate is the cause of infertility in
approximately 10 per cent of cases. Such patients
may have a normal menstrual cycle or they may
have irregular menses or amenorrhoea.

Primary amenorrhoea is often associated with
non-ovulation and may or may not be associated
with malformation of the internal genitalia.

Secondary amenorrhoea is a common symp¬
tom associated with non-ovulation and one

which is now amenable to treatment.

Irregular menstruation usually is found during
puberty and the climacteric and, at these times,
ovulation may not be occurring. This of itself
does not warrant treatment, but the associated
menorrhagia may require therapy. Irregular
menstruation duiing the period of reproductive
activity is not always associated with non-
ovulation. For example there may be an inade¬
quate luteal phase because of low production of
progesterone by the corpus luteum.
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Experimentally-produced Ovulation

(1) Human pituitary follicle-stimulating hormone
(HPFSH) and human chorionic gonadotrophs
(.HCG)

In 1960 Gemzell el al. reported two successful
pregnancies after the use of these two hormones.
In an attempt to reproduce the normal physiol¬
ogy, HPFSH was used to initiate follicle ripening
but, as the amount of human luteinizing hormone
in this preparation is inadequate, massive doses
of human chorionic gonadotrophin were used to
supply sufficient luteinizing hormone to induce
ovulation and support the corpus luteum. We
have found that a single dose of HCG may not be
sufficient to produce ovulation and proper
support for the corpus luteum and, consequently,
we have used repeated doses of HCG to do this,
in preference to massive doses which may not
support the corpus luteum. In combination and
given in appropriate dosage the normal pituitary
output was mimicked. Evidence of ovarian
activity was obtained by measuring the produc¬
tion of both oestrogen and pregnanediol. Great
care was necessary in regulating the dosage of
both the HPFSH and HCG used, for over¬

dosage produces rapid increase in the size of the
ovaries and, in some instances, rupture and
internal haemorrhage. Multiple pregnancies are
also a hazard. Since the original work by
Gemzell and his associates, many successful
pregnancies have been reported.

The ideal dosage of HPFSH and HCG will
result in a normal production of oestrogens and
progesterone, and it has been in an attempt to
achieve this that workers in Australia have been

directing their efforts.
The classical method of estimating oestrogens

is time-consuming and the delay in obtaining
results hampers the clinician in making decisions
regarding the amount of hormone required and
the number of days for which it should be given.
It has been shown that in many patients there is
very little range between a dose that will fail to
stimulate follicle ripening at all and one which
produces ovarian enlargement or multiple
pregnancies. J. B. Brown, who is now working in
my department, has modified his original method
of estimating oestrogens so that now four
analyses (in which oestriol, oestrone and
oestradiol are measured separately) can be
completed in five hours by one worker. This

means that the 24-hour specimen of urine
collected at 9 a.m. and delivered to the laboratory
can be processed and the results be available to
the clinician by 2 p.m. Total oestrogens can be
measured in three hours, using a shortened
technique, and 12 analyses can be done simul¬
taneously. As only 1-2 ml. of urine are required
for such analysis, this method has been used
when samples were sent over long distances. We
are of the opinion that total oestrogen measure¬
ment is adequate for the "tracking" of these
patients, and in our hands it has proved a
practicable procedure.

Pregnanediol estimations were performed in a
gas chromatograph by a method of which part
was developed by Dr. R. I. Cox of Adelaide.
Twelve analyses can be made in a working day.
With a steroid laboratory capable of immediate
assays, it is quite possible to regulate the dosage
of HPFSH and HCG so that normal amounts of
oestrogen and progesterone are produced. We
aim at no more than a doubling of the urinary
oestrogens over 24 hours; if the rise is greater
than this, treatment is stopped and ovulation is
not induced. Reduction of the dose of HPFSH
has not, in our experience, been a satisfactory
method of coping with a too rapidly grown
follicle. When giving HCG we aim at the
smallest dose necessary to achieve ovulation.
This is probably one of the most important ways
of avoiding multiple pregnancies.

(2) Clomiphene Citrate
In 1960, Kistner and Smith, whilst investigat¬

ing the properties of the non-steroidal oestrogen
antagonist, MER25, found that ovulation could
be induced by its administration. Its mode of
action was to interfere with the metabolism of
oestrogens and consequently to reduce levels in
the blood, with a resulting release of pituitary
gonadotrophic hormone and subsequent ovula¬
tion. Several pregnancies followed the use of
this drug.

In 1961, Greenblatt et al., using Clomiphene
citrate, induced ovulation in patients who
previously had not been ovulating. According to
Kistner (1965), despite the fact that Clomiphene
and MER25 are closely related compounds
chemically, their modes of action are different.
The action of MER25 on the ovaries is a

secondary one whilst that of Clomiphene is more



INDUCTION OF OVULATION 533

direct; for instance, following administration of
the latter there is an immediate increase in the
amount of oestrogen produced, with no previous
increase in urinary gonadotrophins as there is
with MER25. When Clomiphene is used there is
some evidence of pituitary suppression. Again,
in assessing the response to Clomiphene by
measuring urinary oestrogen and pregnanediol,
there is evidence that despite the increased
production of oestrogen and pregnanediol,
ovulation may not always occur. The cause of
the increased production of pregnanediol is
luteinization of the follicle without ovulation
actually having taken place. This emphasises
once again the need for taking the occurrence of
pregnancy as the only sure test of ovulation.

The ideal dosage of Clomiphene varies from
patient to patient. We have here also used the
levels of urinary oestrogen and pregnanediol as a
guide to dosage in individual patients. Using the
quick method of Brown, we were able to monitor
each patient's output daily and so determine the
dosage required. Side-effects due to Clomiphene
are enlargement of the ovaries, vasomotor
symptoms and abdominal complaints; in addi¬
tion, multiple pregnancies are common. In fact,
the complications when using this drug are
similar to those found with HPFSH and HCG.

Selection of Patients

Any patient attending the hospital who was
desirous of pregnancy and found not to be
ovulating was referred to the clinic.

In the first instance some selection can take
place at a clinical level; for example the history
of amenorrhoea, whether primary or secondary,
places the patient in a different category from the
patient with the Stein-Leventhal syndrome or the
one with anovulatory menstruation. Again
failure of the pituitary after childbirth can be
suspected by taking a careful history.

The final evaluation of the patient was how¬
ever only achieved by combining the clinical
assessment with laboratory investigations which
include estimations of:

(a) urinary oestrogen,
(b) urinary pregnanediol,
(c) urinary total gonadotrophins,
(d) urinary 17-ketosteroids and 17-ketogenic

steroids, and the following:

(e) cytological examination of vaginal smears,
(f) endometrial biopsy,
(g) X-ray studies of the ovary (pneumography),
(h) X-ray studies of the pituitary fossa, and
(i) culdoscopy.

Clinical Material

Patients may be divided into two main
categories, those who manifest some evidence of
ovarian activity (as shown by the production of
more than 10 micrograms of total urinary
oestrogens in 24 hours), and those who do not.

Cases in which some ovarian activity is present
Under this heading we have two main groups:

(a) oligomenorrhoea and (b) anovulatory men¬
struation.

Oligomenorrhoea
Included in this group are patients with the

Stein-Leventhal syndrome. The clinical features
of such patients are well-known. Investigation
will reveal enlarged cystic ovaries, felt clinically
and seen at culdoscopy. The total urinary
oestrogen excretion in these patients is greater
than 10 pg. in 24 hours and is usually within the
range found during the normal menstrual cycle.
There will be minimal pregnanediol excretion.
The endogenous oestrogen production is normal,
as shown by vaginal smears and endometrial
biopsy. Pituitary gonadotrophin levels are
usually normal or slightly diminished, while
17-ketosteroid values are normal or slightly
elevated.

Anovulatory menstruation
This condition may occur during the years

between puberty and the climacteric. It is often
associated with menorrhagia or oligomenor¬
rhoea. There are usually no stigmata found on
clinical examination of the patient; however, the
laboratory findings fall into two patterns:

(1) Rising and falling oestrogen levels with no
rise in pregnanediol, indicating cyclical follicular
development but without ovulation—menstrua¬
tion withdrawal bleeding (Fig. 3).

(2) Raised but more or less constant oestrogen
levels, indicating persistent follicular activity—
menstruation occurs as a break-through pheno¬
menon (Fig. 4).
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Inadequate production of progesterone.

Both forms occur spontaneously and we have
been able to reproduce each artificially with
HPFSH.

Cases in which little or no ovarian

activity is present
In this group there are three main types; those

characterized by (a) pituitary failure, (b) ovarian
failure, and (c) psychogenic amenorrhoea.

Pituitary failure
In this group the level of urinary oestrogens is

less than 10 p.g. per 24 hours and the pituitary
gonadotrophins in the urine are absent or very
low.

The cause of such pituitary failure may be
obstetrical or may be destruction due to a
tumour or irradiation. X-ray examination of the
pituitary fossa is of help in diagnosing a lesion in

Ovarian failure
In this type the pituitary gonadotrophin

excretion is high and there is an associated low
oestrogen production, indicating that the ovary is
primarily at fault. This is the normal state in the
post-menopausal woman or in women with
premature menopause or after ovarian ablation by
surgery or X-ray therapy. Patients with Turner's
syndrome fit into this category. At present we do
not consider that pabents with ovarian failure
will respond to any type of therapy.

Psychogenic amenorrhoea
The patients in this group are usually young

and the amenorrhoea has often been quite sudden
in onset. The condition may be associated with
an episode of mental trauma of which the patient
has no memory, or with a change in environ¬
ment. In this group there is little or no evidence
of ovarian activity as shown by oestrogen
excretion, vaginal smears, and endometrial
biopsy.

After the initial examination and investiga¬
tions were completed, each patient's history was
discussed by the Committee and an attempt was
made to place her in one or other group. Whilst
this was taking place, regular assays were taken
at monthly or even weekly intervals, to help with
the diagnosis. It was usually at least six weeks (or
even longer) before treatment was commenced.
This time-interval is important because it must
be remembered that some patients will ovulate
spontaneously and thus cure themselves.

Over 400 patients have attended the clinic
since it was established three years ago and 147
of these were not ovulating. The most common
presenting symptom was secondary amenor¬
rhoea; 129 patients had had this symptom for
six months or longer.

Investigation of the group showed a cause for
the condition in 64 patients.

Evidence of some ovarian activity was found
in 32 patients:

(a) oligo-amenorrhoea 10 patients
(b) anovulatory menstruation 8 patients
(c) adrenal cause 14 patients
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Dosage employed for cyclical hormone therapy.

fn this group the ketosteroid values were
elevated and the urinary oestrogen levels were
indicative of ovarian activity. The excessive
production of androgens by the adrenal was the
cause of the amenorrhoea in this group.

Little or no evidence of ovarian activity was
found in 32 patients:

(a) pituitary failure 5 patients
(b) ovarian failure 12 patients
(c) psychogenic amenorrhoea 9 patients
(d) after oral contraceptive 6 patients
Of the six patients with prolonged use of oral

contraceptives, in one case the duration of
therapy was four years. In all cases the urinary
gonadotrophin levels were in the lower range of
normal and the total oestrogen level below 10/^g.

In the remaining 83 patients no cause was
found. Of these, 47 showed evidence of ovarian
activity and 36 showed little or no evidence of
ovarian activity. However, most of them could
be classified as an upset of the pituitary-ovarian
axis.

In cases with an organic basis for the non-
ovulation treatment was initiated immediately to
correct the cause. If pituitary enlargement was
present, surgical or other appropriate treatment
was carried out. Those showing adrenal causes of
amenorrhoea (as indicated by the elevation of
urinary ketosteroids) were given suppressive
therapy with dexamethasone for six months and
the effect observed. Patients with ovarian failure
were not considered suitable for treatment. In

the remainder of the patients (116), a course of
placebo tablets was given for two months. This
was followed by a course of cyclical hormone
therapy.

Physiological doses of oestrogen and proges¬
terone were given in 28-day courses. The dosage
of the hormones was adjusted from day to day to
imitate the normal excretion of the ovaries

(Fig. 5). It was hoped that by giving the patients
hormone in this manner the feed-back mechan¬
ism of the pituitary would be stimulated and so
would initiate ovulation subsequently. This
cyclical regime was continued for two months
and was followed by two months during which
no therapy was given. During the six months
preliminary measures a spontaneous ovulation
has occurred in many cases. We have used this
cyclical therapy in the hope that it would stimu¬
late the normal cyclical ovarian-pituitary feed¬
back mechanism and the results indicate that this
method is indeed worth trying before treatment
with Clomiphene or HPFSH and HCG is begun.

Twenty-eight patients who had not ovulated
after the above preliminary measures were
considered suitable for further treatment. Initi¬
ally Clomiphene was not available so only
HPFSH was given; at present it is available so all
patients are treated with Clomiphene initially and
then, if there is no success, HPFSH is used. In
each instance it was of course established that the

patient's tubes were patent and that semen
analysis in the husband was satisfactory.



536 TOWNSEND, BROWN, JOHNSTONE, ADEY, EVANS AND TAFT

A summary of treatment is set out below.
Placebo for two months

Cyclical hormone therapy with oestrogen and
progesterone for two months
No treatment for two months

Clomiphene citrate for three months
No treatment for three months

Gonadotrophin of human pituitary origin

Follicular development
Daily HPFSH was given, at dosage so adjusted

that urinary oestrogens increased from resting
levels (less than 10 /tg. per 24 hours) to 30-60 /xg.
by day 5-7. Dosage was then continued for one
more day. Levels should not be more than
doubling at this time.

Treatment with HPFSH and HCG

Thirteen patients in this group had secondary
amenorrhoea due to a fault in the pituitary-
ovarian axis. All patients had resting levels of
urinary oestrogens that were less than 10 /xg. per
24 hours. The scheme for induction of ovulation
in this group was as follows:

Ovulation
Next day (7-9) 5,000 I.U. of HCG was given.

This further increases the oestrogen levels for
1 to 2 days but the dose should be such that a
peak is reached, after which the levels fall and
then rise again with an associated rise in
pregnanediol.

PATIENT No. 9

AMENORRHOEA 6 YEARS

INDUCTION OF OVULATION WITH
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Treatment with human gonadotrophin. Normal response.
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Support of corpus luteum
For this purpose 500 I.U. of HCG was given

on the third day after the ovulating dose,
followed by 1,500 I.U. on days 6 and 9.

Three case histories illustrate the effects of
human gonadotrophin.

Figure 6 illustrates a perfect response to the
two hormones. Eight daily injections of 2-5 mg.
of FSH followed by five injections of HCG at
intervals of three days produced a normal
pattern with ovulation and a subsequent preg¬
nancy in a woman who had had amenorrhoea
for six years.

Figure 7 exemplifies the importance of correct
dosage. Initially there was such excessive
response to a daily injection of 5 mg. of HPFSH
that the course could not be completed. Two
months later, half this dose was tried, but no

response was obtained. With 3-3 mg. a response

which was only slightly excessive occurred and
ovulation followed—but with no pregnancy.

Subsequently, using the same dosage, a twin
pregnancy occurred, indicating that this patient's
ovaries were over-sensitive even to 3-3 mg.,
2 • 5 mg. having produced no response.

While this case illustrates the exaggerated
response to the HPFSH, Figure 8 illustrates the
need for care in the dosage of HCG. This patient
responded well to nine injections of FSH;
however, one injection of HCG resulted in a
short luteal phase. Next month larger doses of
HCG were used deliberately and this resulted in
over-production of both oestrogens and proges¬
terone. In the next cycle, using smaller doses, the
patient ovulated and became pregnant.

Complications
Among 13 patients with 54 treated cycles,

PATIENT No,3. ^FFECT_^F_DOSAGE__OF_H_P^S_H,
AMENORRHOEA 4 YEARS HCG I.U.
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Fig. 7

Treatment with human gonadotrophins. Excessive response to 5 mg. HPFSH daily,
response to 2-5 mg. daily. Twin pregnancy after 3-3 mg. daily.

No
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PATIENT No. 2. EFFECT OF HCG DURING LUTEAL PHASE
amenorrhoea 9 years.

short luteal phase

HCQ. IN¬

deliberate overstimulation

HCG I.U.

2-5 mq« s»■»J 11 11

13 16 19

august
1963

Fig. 8

13 is is 31

september

Treatment with human gonadotrophins. Good response to FSH. Short luteal
phase after one injection of 3,000 I.U. HCG. With larger doses of HCG over¬
production of both oestrogens and progesterone. With smaller doses in subse¬

quent cycle became pregnant.

notable ovarian enlargement occurred in two
patients during one of the treated cycles. In one
the over-stimulation was deliberate. In both
instances there was no cause for concern since
treatment had been stopped well before the
enlargement developed and was diagnosed
clinically, we having been forewarned by the
rapid rise in oestrogen output. Multiple preg¬
nancy occurred twice. We agree that there is a
difference between the dose of HCG required for
rupture of one follicle and that which produces
the ripening and rupture of more than one, but
unfortunately there are some patients in whom
these doses are very close.

Results
Table 1 shows the results of all 13 patients

treated. Once a patient was started on treatment

it was continued until a pregnancy ensues. All of
the first 9 patients have become pregnant. In 7
the pregnancies were normal (including two
multiple pregnancies), and in two cases abortion
occurred. The doses ofHPFSH used for the various
patients are listed for each individual. If there
was a dose ofHPFSH which did not produce any
response this is listed under the heading "None".
If there was a dose which produced an excessive
response it is listed under the heading "Excess".

The next column shows the amount of HPFSH
and the number of days for which it was given to
obtain the desired oestrogen levels. A wide
variation was noted and this indicates that there
cannot be any standard dosage laid down. How¬
ever, once a dosage was found for any individual
it seemed to remain constant from cycle to
cycle.
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Table I

Ovarian Stimulation With Human Pituitary Gonadotrophs

With Urinary Oestrogen Control (Melbourne Cases)

Dose of HPFSH mg./day*
Follicular Response

None Excess Correct

Dose of
HCG (I.U.)
Producing
Normal

Menstrual
■ Levels of

Oestrogens

No. of
Correct
Cycles
Until

Pregnant

Outcome

Aborted at 23 weeks)
Normal girl
Normal twin girls

2-5x6 days 2,000 I
2-5x7 days 2,000 1

2-5 5 3-3x8 days 5,000 2
5 5,000 Defaulted

3-3 6 5 x9 days 5,000 2 Normal boy
3-3x9 days 5,000 1 Normal girl
3-3x7 days 5,000 1 35 weeks pregnant

5 9 x 9 days 5,000 1 30 weeks pregnant
2-5x8 days 5,000 1 27 weeks pregnant

2-5 5 3-3x6 days 5,000 0 Aborted at 10 weeks)
1-8 2-5 ? 10,000 Current treatment
1-8 2-5 ? 10,000 Current treatment
5 7-5x8 days 10,000 Current treatment

2-5x7 days 5,000 Current treatment

No. of
Prelim-

Patient Amenor- inary
No. rhoea Cycles

Years to Find
Correct

Dosage

1 1-5 2
2 9 3
3 4 6
4 4 4
5 4-5 6
6 2 0
7 10 0
8 10 4
9 6 0

10 1 3
11 5 6
12 4 6
13 4-5 4

2 Repeat 0

*2-5 mg. HPFSH= 1 ampoule pergonal—500 (lot 102).
t Hydropic foetus as in earlier uninduced pregnancy.
+ No definite oestrogen peak in pregnancy cycle.

Treatment with Clomiphene Citrate

Fifteen patients were treated with Clomiphene,
3 with anovulatory menstruation and 12 with
oligomenorrhoea associated with the Stein-
Leventhal syndrome. In all patients but one, the
resting level of urinary oestrogens was greater
than 10 pg. per 24 hours. The scheme for the
induction of ovulation in this group was as
follows:

Base-line urinary oestrogen levels were assessed
before treatment. Clomiphene citrate (50 mg. per
day) was given for five days only, commencing
on the fifth day of the cycle if the patient had
been menstruating. Ovarian response was asses¬
sed by assay of urinary oestrogens. This agent
was not given for more than three consecutive
courses. Increase of its dosage sometimes
became necessary in the second or third course.
The total dosage should not exceed 750 mg. in
any course. If ovulation occurs, it does so
within 7 days of cessation of therapy. Two further
courses may be given at monthly intervals and
should be followed by no treatment for three

months. Ovulation may occur during the period
of no treatment and is usually attributed to the
therapy. It should be noted that when ovulation
was thought to have occurred after stimulation
with Clomiphene pregnancy was not invariable,
whereas when ovulation was achieved and the
response was correct with use of gonadotrophins,
pregnancy usually followed. This throws some
doubt on whether ovulation had always actually
occurred in the first instance, and raises some

suspicion that the production of progesterone is
due to luteinizing of an intact follicle and that it
does not come from a corpus luteum following
ovulatory rupture.

Three case histories illustrate the effects of
Clomiphene. Figure 9 shows an example
of anovulatory menstruation with a level of
oestrogen in the region of 20 pg. A dose of 375
mg. of Clomiphene given over five days failed to
produce ovulation but there was some rise in
oestrogen production. Subsequently 500 mg.
given over five days produced high levels of
oestrogen but no pregnanediol, and consequently
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Treatment with Clomiphene. Response to varying doses.
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Treatment with Clomiphene. Excessive response.
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no ovulation. The course was repeated three
times and after the third course ovulation
occurred but no pregnancy followed.

The patient described in Figure 10 had oligo-
menorrhoea which was treated with 500 mg. of
Clomiphene citrate over five days. There was an
excessive response to this dose. Ovulation took
place with production of pregnanediol and a
period subsequently occurred. In this patient the
dosage for the next course will be reduced.

The case shown in Figure 11 lends support to
the view that the basic level of urinary oestrogen
may be useful in indicating whether Clomiphene
is likely to be successful. Initial levels were 7 /xg.,
and when treated with 750 mg. of Clomiphene
over five days for three courses, no response was
obtained. When 2-5 mg. of HPFSH was used
there was again no response; 3-3 mg.. however,
produced a satisfactory doubling effect in urinary
oestrogens, and when 5,000 I.U. of HCG was
given ovulation occurred. This was followed by
HCG, given every three days at a dosage indica¬
ted on the chart, and pregnancy resulted. This
pregnancy terminated in abortion.

Complications
In the 15 patients treated with Clomiphene no

complications have occurred. It is well known
that complications similar to those seen when
HPFSH is used may occur in patients treated
with Clomiphene. However, when the ovarian
response is carefully monitored, complications
can be kept to a minimum.
Results

Table 11 outlines the resuks in the 15 patients
treated. Of the three patients with anovulatory
mensti uation, two ovulated and one became
pregnant.

Of the 9 patients with oligomenorrhoea, 7
ovulated with two pregnancies. This represents a
total of 3 pregnancies and 9 ovulations in 15
patients.

Total Results

To sum up, in the 28 patients treated with
Clomiphene or human gonadotrophin, 12
became pregnant and 19 ovulated after treatment,
and with further experience these figures should
be improved.

patient no. 5 secondary amenorrhoea

h.p.e.s.h. hc.g.

33mq. n 3—=tt
2 5mq — —
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Fig. 11

Treatment with Clomiphene and human gonadotrophins. No response to Clomiphene but good response to gonado-
trophins.
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Table II

Results of Treatment With Clomiphene Citrate

Urinary Oestrogen
Peak Before
Treatment

ng./24 hours

„ Dose (mg.) and Peak Before Oestrogen „ . . _ .Patient KI , t- . Ovulation OutcomeNo. of Cycles Treatment Rise

Anovulatory Menstruation
1 750 x 3 22
2 375x1 13

500x2 +
3 375 x1 30 +

500 x 3 +

Oligo- Menorrhoea
4 500x3 18 +
5 750 x 3 7
6 375x3 17
7 500x3 12 +
8 375 x1 24

500x2 +
9 500 x1 29 +

10 500x3 14 +
11 500x3 21 +
12 375x3 15 +

+ Pregnancy 8 weeks later
Spontaneous ovulation 5 weeks later

— No ovulation since therapy
+

Anovulatory cycle since therapy
— Success with HPFSH

Ovulation since
+ No menses since

No menses since
+
+ Pregnancy after first course
+ Ovulation since

Pregnancy 6 weeks later

As far as the total picture is concerned,
ovulation was achieved in 62 of 116 patients in
whom it was possible. In 26 of these patients
ovulation spontaneously occurred during the
period of investigation. When active treatment
with cyclical hormone therapy was instituted,
ovulation occurred in 17 cases, and in 19 follow¬
ing Clomiphene or HPFSH. Forty-five patients
await treatment with Clomiphene and HPFSH.
In the 62 patients in whom ovulation occurred
there have been 28 pregnancies.

Comments

It may be argued that this tracking routine is
too laborious because it involves daily urinary
oestrogen determinations. There is no doubt that
careful control of the urinary oestrogen produc¬
tion has reduced the complications and has
enabled the clinician to determine in a scientific
manner the correct dosage of the agent causing
ovulation. As we gain experience daily oestrogen
estimations become unnecessary. We are con¬

ducting an experiment along the following lines.
With patients living in Sydney the requisite 1-2
ml. of urine is being sent by express air delivery
to Melbourne. Using the short Brown technique
a control baseline is obtained. This should reveal

a level greater than 10 p.g. if Clomiphene is to be
used, or a level less than 10 p.g. if HPFSH is to be
used.

If it is indicated HPFSH is commenced and
five days afterwards a second urinary oestrogen
measurement is carried out. If this shows a

low value the dosage of FSH must be increased;
if the level is too high therapy must be
ceased; if a satisfactory level is found HCG is
started on the 9th day. Seven days later another
urine sample is flown to Melbourne (500 miles
away) to confirm that a satisfactory corpus
luteum is present.

As experience is gained, it seems that Clomi¬
phene is more likely to be successful if the basal
urinary oestrogen level is greater than 10 fig.
However, since its administration is simpler and
its availability greater, we feel it should be tried
initially in all cases.

Summary

(1) Non-ovulation occurring during the years
between puberty and the climacteric can usually
be corrected.

(2) Complete investigation of every patient by
clinical and laboratory methods is essential.
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(3) Daily urinary oestrogen estimations are
practicable in an endocrine laboratory.

(4) A scheme of treatment lasting over a
period of months is outlined and recommended.

(5) In a small percentage of patients stimula¬
tion of ovulation by Clomiphene, human
pituitary follicle-stimulating hormone (HPFSH)
and human chorionic gonadotrophin (HCG) is
indicated.

(6) In this small group Clomiphene should be
tried first but if it is not successful HPFSH should
then be used.

(7) When the total urinary oestrogen level is
greater than 10 p.g. per 24 hours Clomiphene is
likely to be successful; when it is less than 10 pg.
per 24 hours HPFSH and HCG are successful.

(8) When any of these agents are used to
induce ovulation, daily oestrogen and pregnane-
diol estimations must be carried out, and the
dosage so regulated as to produce normal
amounts of each hormone for the particular day
of the cycle concerned.

(9) Using this method the hazards of the
therapy are substantially reduced.

(10) Among 135 patients in whom ovulation
was possible, its induction was achieved in 66.
In 26 it occurred during the period of investiga¬
tion and in 17 after cyclical therapy had been
instituted.

(11) Of 13 patients treated by HPFSH and
HCG, 9 became pregnant, and of 15 patients
treated with Clomiphene 3 became pregnant.
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For many years ovarian steroids have been
administered in a variety of dose and timing
schedules for the induction of regular menstrual
bleeding in amenorrhoeic and oligomenorrhoeic
women (Swyer, 1960). These hormones were
given also in the hope that their successive
exhibition and withdrawal might result in
stimulating the cyclic secretion and release of
gonadotrophin, and so reinduce spontaneous
ovulation and menstruation. The results of such
treatment have been disappointing.

With the newer progestogens, and after reports
of rebound fertility after cessation of oral
contraceptive therapy (Watts et a/., 1964), an
improvement in the success rate of induction of
ovulation might have been anticipated with their
use but this has not been our experience. For
this reason a reappraisal of ovarian steroid
therapy using fluctuating dosage in a physio¬
logical manner has been made.

Methods

Ovarian steroids were given orally in doses
fluctuating to correspond with the normal
urinary excretion patterns. For convenience of
preparation ethinyl oestradiol and ethinyl
oestradiol 3-methyl ether (Mestranol) were both
used, these substances having comparable
activity. Ethynodiol diacetate was the progesto¬
gen chosen.

* Research Fellow, Australian Council, Royal College
of Obstetricians and Gynaecologists.

The oestrogen dosage was based on Brown's
assessment of daily ovarian secretion of oestra¬
diol as determined by the urinary recovery of
injected hormone (Brown, 1957). He estimated
that the mid-cycle secretion was of the order of
330 fig. of oestradiol per 24 hours. The maximum
daily dose of 200 p.g. of ethinyl oestradiol given
orally was selected as giving a comparable level,
having regard to the mode of administration and
relative potency. A dose of 10 pg. per day was
chosen as a basal level, which was given for five
days. The dose was then increased arbitrarily to
a peak, then reduced sharply, and maintained
for a further ten days at this level prior to with¬
drawal to reach the basal level again at the end of
the 28 days. The dose of ethynodiol diacetate was
set at 1 and 2 mg., since this amount was avail¬
able in commercial preparations, and because
this dose produces secretory changes in the
endometrium and premenstrual molimina and
could also be expected to induce feed-back
inhibition. The dosage of oestrogen and pro¬
gestogen is summarized in Table I. Treatment
was given for two consecutive cycles.

Side effects of this treatment were minimal.
Nausea at the time of maximal oestrogen
administration occurred in 5 of the 50 patients,
but settled quickly in all cases with the progres¬
sive fall of administered oestrogen. The pro¬
gestogen caused mastalgia and premenstrual
molimina in the majority of patients, but this was
not unduly troublesome.

367
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Table I

Schedule of Dosage

Day Oestrogen Ug.) Progestogen (rng.)

1 10 Nil
2 10 Nil
3 10 Nil
4 10 Nil
5 10 Nil
6 20 Nil
7 20 Nil
8 20 Nil
9 50 Nil

10 50 Nil
11 100 Nil
12 150 Nil
13 200 Nil
14 150 Nil
15 100 1-0
16 100 10
17 100 2-0
18 100 2-0
19 100 20
20 100 20
21 100 20
22 100 10
23 100 10
24 100 10
25 50 0-5
26 20 Nil
27 10 Nil
28 10 Nil

Clinical Material

Fifty women, 25 with oligomenorrhoea, and
25 with secondary amenorrhoea have been
studied. In the oligomenorrhoeic group the
menstrual rhythm was between 42 and 120 days,
being longer than 60 days in 70 per cent.
Secondary amenorrhoea was defined as the
absence of menses for longer than six months.
None of the women treated was shown to have
organic disease.

Urinary gonadotrophin, assayed by the method
of Johnsen (1958), was present at levels normally
seen during the menstrual cycle in the 30 cases in
which it was measured. Urinary oestrogen
assayed by the method of Brown (1955) reflected
varying degrees of ovarian activity. All patients
attending the clinic were referred to us from
other doctors and the majority had already
undergone a variety of unsuccessful treatments,
many with cyclically administered steroids or
with oral contraceptives.

Table II

Cyclical Hormone Therapy for Oligomenorrhoea

No. Time to Ovulate in Days
of Ovulation Pregnancy

Cases 14 28 35 42

25 17 7 7 2 1 4

Since emotional factors are known to be

important in the regulation of normal cycles it
was necessary to make some objective assessment
of the results of treatment. No patient was given
cyclical therapy until at least four months after
her first presentation. During this time pre¬
liminary examination and investigation was
undertaken, and placebo medication administer¬
ed. Only those patients in whom ovulation did
not occur proceeded to cyclic therapy.

Results

(a) Oligomenorrhoea
The results of treatment in the 25 women with

oligomenorrhoea are shown in Table II. If
ovulation occurred, as indicated by elevation of
the basal temperature within 42 days of comple¬
tion of the therapy, treatment was considered to
be successful. In all instances this occurred very
close to the time intervals of 14, 28, 35 and 42
days, suggesting an underlying rhythm related to
7 days. One case in which ovulation occurred 68
days after treatment was deemed a failure since
this could have been the patient's spontaneous
rhythm.

Ovulation occurred in 17 of the 25 women

treated. Regular cycles have continued in 14
patients but in the other 3 there was reversion to
the former state after four months, and the
proportion may increase with the passage of time.
Four of the 17 women who ovulated are pregnant.

(b) Secondary Amenorrhoea
In the group of 25 women with secondary

amenorrhoea of duration between eight months

Table III

Cyclical Hormone Therapy for Secondary Amenorrhoea
No.
of Ovulation

Cases

Time to Ovulate in Days
Pregnancy

14 28 35 42

25 8 4 3 1- 5
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and seven years, 8 have ovulated following
therapy, with pregnancy in 5 of these. The
duration of amenorrhoea did not appear to be
related to the success or failure of treatment.
Three women with amenorrhoea following
contraceptive therapy were included in this group,
successful ovulation being induced in two. In
amenorrhoeic patients, as distinct from those
with oligomenorrhoea, regular ovulation has
continued in all patients in whom it has been
induced. The results in this group are shown in
Table III, the time following treatment at which
ovulation occurs being similar to that seen in the
oligomenorrhoeic group.

The overall results indicate that ovulation has
occurred in 25 (50 per cent) and pregnancy in 9
of these (18 per cent of all patients or 36 per cent
of those ovulating).

Success or failure of treatment did not appear
to be related to the initial levels of urinary
oestrogen which were estimated in 37 of the
patients (see Table IV).

Discussion

Whilst the normal woman, ovulating and
menstruating every 28 days, shows character¬
istic cyclic patterns of excretion of oestrogen and
pregnanediol in the urine, there is disagreement
as to the rhythm of gonadotrophin excretion
(Bell et al., 1966; Fukushima et al., 1964;
Becker and Albert, 1965; Rosenberg and Keller,
1965).

Absence of normal rhythm in women with
oligomenorrhoea and secondary amenorrhoea
occurs commonly in the absence of organic
disease, and it was thought that physiological
treatment might be useful for these cases. The
results obtained support this view.

Table IV

Cyclical Hormone Therapy. Urinary Oestrogen Levels

Oligomenorrhoea Secondary
Amenorrhoea

7-0-20-5 pg. 6-7-29-5 nS-
Successful cases (10 cases) (7 cases)

Mean 15-5 /eg. Mean 17-2 fig.

11 -0-30-0 /ig. 2-1-17-0 /xg.
Failed cases (6 cases) (14 cases)

Mean 18-0 pg. Mean 9-7 fig.

The overall results with cyclic therapy indicate
that the success rate is lower than that obtained
with clomiphene citrate, but one major advan¬
tage of cyclical therapy is the absence of the well-
known hazards of clomiphene administration.

The reason for the success of this treatment in
this group of patients is not known at present.
The results we have obtained with placebo treat¬
ment alone in similar patients have been most
satisfactory (39 per cent, ovulation—unpublished
data) and with cyclical therapy, success may also
be due to a placebo effect. However, cyclical
therapy has been used only when ovulation has
failed to occur with placebo treatment. The
appearance of regular menses whilst the patient
is under the influence of steroids, and the return
of menses after the therapy may be another
placebo effect. This is unlikely, however, since
other therapeutic schemes using similar hormone
preparations to produce uterine bleeding have
been generally unsuccessful in inducing ovula¬
tion.

The hypothalamus has been shown to be the
site of production of releasing factors for hor¬
mones of the anterior pituitary (Harris, 1964),
and the orally administered hormones may be
producing their effects by direct stimulation of
these centres or by means of a feed-back effect.
Haskins (1966) has shown that cyclical progesto¬
gens alone may induce ovulation and it may be
the progestogen alone which is the active
hormone in those responding.

Summary

Oral steroid hormone therapy imitating the
normal cyclical ovarian secretion of oestrogen
and progesterone was given to 25 women with
oligomenorrhoea and 25 women with secondary
amenorrhoea. Treatment was given for two
months, followed by a period of at least four
months observation.

Of the 50 women, none of whom had respond¬
ed to placebo treatment, spontaneous ovulation
occurred within six weeks in 25, with 9 preg¬
nancies.
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Summary
With the recent preparation of hormones from human pituitaries and human postmenopausal urine,

a wider range of pituitary gonadotrophin activity has become available for clinical use. To the luteinizing
and interstitial cell stimulating effects of gonadotrophin prepared from human placentas can now be added
the follicle stimulating activity of pituitary and urinary gonadotrophin.

The clinical applications of these hormones lie in both the diagnostic and therapeutic fields. Their
administration as gonadal stimulants followed by measurement of gonadal response allows an assessment of
function and the determination of the level of gonadal failure. The range of biological gonadotrophic
activity of these hormones allows their use as effective replacement therapy in gonadotrophin deficiency
states in both sexes and for the infertile female, even in the absence of obvious hypogonadotrophinism.

It is only in the past nine years, since the use
of gonadotrophin extracted from human
pituitaries and from human postmenopausal
urine became practicable, that the clinical
potential of gonadotrophin treatment has
become apparent. Animal hormone prepared
from either pituitary or plasma has been found
to be ineffective for human treatment, and
although chorionic gonadotrophin prepared from
human placentas has been available for over 20
years (Hamblen and Davis, 1945) its uses as the
sole treatment for the male or female are limited.

Definitions and Classification of

Gonadotrophins

Biological Activity
The terms employed refer to target organ

effects used as end points in the bioassay of
gonadotrophins. These terms have proved con¬
venient, since they also implv the existence of
biological effects on the human gonad.

1. Follicle stimulating hormone (F.S.H.) is measured
by the increase in ovarian weight in rats or mice in the
presence of large amounts of human chorionic gonado¬
trophin (H.C.G.)

2. Interstitial cell stimulating hormone (I.C.S.H.) and
luteinizing hormone (L.H.) are apparently the same
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6 Lecturer, Department of Anatomy, Monash Univer¬

sity, Clayton, Victoria.
6 Research Fellow, Department of Obstetrics and

Gynaecology, University of Melbourne.
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hormone present in males and females, and having the
specific effects inferred by nomenclature on testis and
ovary respectively. In this paper the terms I.C.S.H.
and L.H. are used to identify these biologic effects on
the human gonad. Assay is commonly undertaken by
the determination of ascorbic acid depletion in the
immature female rat pretreated with F.S.H. of animal
origin (pregnant mares' serum) and with H.C.G.
Measurement may also be made in the hypophysec-
tomized immature male rat by examination of the
weight increment of the prostate or seminal vesicle, or
the activity of prostatic alkaline phosphatase.

3. General or total gonadotrophin levels are measured
in the immature female mouse or rat using the uterine
or ovarian weight as the end point. This bioassay, in
general clinical use for the assessment of pituitary
function, depends on the presence of both F.S.H. and
L.H. activity in the urine extract under test.

By Source
Human pituitary and human menopausal

gonadotrophins (H.P.G., H.M.G.) are prepared
from human pituitaries (Brown et alii, 1967) and
postmenopausal urine (Donini et alii, 1964)
respectively. They exhibit both F.S.H. and
I.C.S.H. or L.H. activity in differing proportions.

H.C.G. is extracted from placentas and
possesses almost entirely I.C.S.H., L.H. activity.

Physiology
In the Male

There is abundant morphological and physio¬
logical evidence that I.C.S.H. is the trophic
hormone influencing Leydig cell function, with
its attendant hormone secretion. The recent

availability of human F.S.H. and its administra¬
tion to hypogonadotrophic hypogonadal men
has allowed a more detailed examination of the
long known gametogenic influence of this
hormone in man.

96
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Figure 1 illustrates the hormonal control of
the testis and the process of sperm development.
This process is initiated at the level of the
spermatogonium, which divides by mitosis
giving rise to the primary spermatocyte.
Meiotic divisions follow, and secondary sperma¬
tocytes, spermatids and finally spermatozoa
develop. The whole process is termed sperma¬
togenesis, and the metamorphosis from sperma¬
tid to spermatozoan is termed spermiogenesis.

TESTOSTERONE

<

i f|/\

LEYDIG CELLS

I.C.S.H

SPERMATOZOON

SPERMATID

SECONDARY
SPERMATOCYTE

PRIMARY
SPERMATOCYTE

SPERMATOGONIUM

SERTOLI CELL

6
EXFOL

TRA
IATI0N
NSPORT

SPERA IOGENESIS

SPERMATO-
ENESIS

GERMINAL EPITHELIUM

F.S.H. I.C.S.H.

Figure i

Diagrammatic representation of hormonal control of
testis

Transport of the mature sperm follows. The
time required for the maturation of spermato¬
gonia to spermatozoa has been estimated at 74
days (Heller and Clermont, 1964).

The endocrine regulation of spermatogenesis,
spermiogenesis, and sperm exfoliation and
transport is still poorly understood. Published
reports of studies of hypogonadotrophic men
treated with human gonadotrophin are few, and
interpretation of results is conflicting (Gemzell
and Ivjessler, 1964 ; Heller, 1965 ; Lunenfeld
et alii, 1965 ; Paulsen, 1965 ; Macleod et alii,
1966 ; Lytton and Kase, 1966 ; Martin, 1967).
The most complete study, however, of the
induction of spermatogenesis in man with
human gonadotrophins is that of Macleod et alii,
(1966), who observed that F.S.H. activity was
required for spermatogenesis from the level of
spermatogonia and that I.C.S.H. activity pro¬
moted exfoliation and transport of sperm.

Since the multiple testicular biopsies necessary
(when the 74-dav cycle of sperm development
is considered) have not been practicable, pure
gonadotrophins are not available and differing
therapeutic regimes have been employed, it is
not surprising that conflicting accounts of the
endocrine regulation of gametogenesis have
been reported.

It does appear clear, however, from the
human studies made up till the present, that
both F.S.H. and I.C.S.H. are required in the
economy of the germinal epithelium since
neither alone have been observed to completely
induce or restore function. It is of interest to
note (Martin, .1967) that in addition to F.S.H.,
I.C.S.H. and not testosterone is required for
substitution therapy. This raises the question
as to whether a high concentration of testo¬
sterone produced in the vicinity of the Leydig
cells under the influence of the trophic hormone
is important for tubular gametogenic function.

In The Female

The ovarian oestrogen response to gonado¬
trophin in the normal menstrual cycle is well
known (Brown, 1955) (Figure 2). Low urinary
oestrogen levels are seen in the first half of the
proliferative phase of the cycle and rise rapidly
in the second half to an ovulatory peak. Levels
fall sharply, and then rise to a secondary peak
during the luteal phase only to fall again at
menstruation. In the second half of the cycle
the follicle, now transformed to a corpus luteum,
produces progesterone, the metabolite of which—
pregnanediol—is excreted in increasing amounts
during the few days after ovulation to reach a
plateau level which then falls sharply together
with the level of oestrogens at menstruation
(Klopper, 1957) (Figure 2).

Although many studies using bioassay tech¬
niques have been made, less is known regarding
the pattern of urinary gonadotrophin excretion
in the normal cycle largely because of methodo¬
logical difficulties. The presence of general
gonadotrophin has been demonstrated through¬
out the cycle with a mid-cycle peak (Brown et
alii, 1958). There is agreement as to the
presence of F.S.H. and L.H. activity at all
stages of the cycle, and all who have studied it
have found a mid-cycle L.H. peak. There is no
agreement, however, as to the pattern of F.S.H.
excretion, different observers noting either a
parallelism with L.H., a mirror image of the
oestrogen pattern or a completely irregular
excretion (Bell and Loraine, 1967) (Figure 2).
The recent development of reliable immunoassay
methods for the measurement of L.H. in plasma
or urine has confirmed the bioassay data regard¬
ing L.H. excretion (Midgley and Jaffe, 1966),
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Preliminary work on radio-immunoassay of
plasma F.S.H. (Faiman and Ryan, Midgley et
alii, 1967) has shown a mid-cycle peak of F.S.H.
corresponding with the L.H. mid-cycle peak.
Reports of varying levels in other phases of the
cycle are given by these workers.

oestrogenAjg/24hr pregnanediol mg/24hr

days of cycle
Figure 2

Changes in levels of urinary hormones during the
menstrual cycle. No estimate of actual levels has

been made. (F.S.H. , L.H. —)

In general it must be acknowledged that at
present the precise interrelationships of gonado¬
tropin secretion, ovarian hormone secretion
and ovulation in the normal menstrual cycle are
unknown. With the ovary inaccessible for the
performance of repeated morphological or
chemical study during the menstrual cycle or
during gonadotrophin administration, the lack
of information available regarding the site and
manner of action of gonadotrophins on the
human ovary is understandable.

Clinical uses of Human Gonadotrophins
Diagnostic

The standard method of investigation of
suspected endocrine deficiency states is challenge
of the gland by the normal stimulus to its
function and study of its response either by
measuring the change in level of the hormone
elaborated or by examining the tissue. In this
manner an assessment of functional reserve can

be made and, if the gland is normally dependent
on trophic stimulation by the pituitary, the
level of failure determined.

This principle can readily be applied to an
examination of gonadal function, for the
pituitary trophic hormones are available and

methods of measurement of gonadal hormones
have been developed (Brown et alii, 1968;
Hudson et alii, 1963). In the case of pituitary
failure the appropriate gonadotrophin will
stimulate oestrogen secretion in the female and
testosterone and oestrogen secretion in the male.

The patients in cases 1 and 2 presented aged 17 years
with the identical problem of primary amenorrhcea,
absent secondary sexual characteristics and short
stature. The first patient demonstrated clinical
features suggestive of hypopituitarism, and the results
of adrenal and thyroid function tests supported this
diagnosis. Plasma growth hormone levels were low
and unresponsive to hypoglycaemia. In the second
case the karyotype was that of a normal female, and
there were no characteristics of pituitary insufficiency ;
adrenal and thyroid function was normal; plasma
growth hormone levels rose after insulin-induced
hypoglycaemia ; the level of general gonadotrophin was
high and urinary oestrogen excretion low, suggesting
the diagnosis of ovarian agenesis or dysgenesis.

The diagnosis in each case was confirmed by the
results of the H.P.G. stimulation test, using the
oestrogenic response of the ovary to the F.S.H. activity
of this hormone as the index of ovarian response
(Table 1). It can be seen that the ovaries in the first

Table i

Urine Oestrogen Levels {Microgrammes per 24 hours)
After H.P.G. Administration (250 I.U. of F.S.H.

A ctivity Daily) from Days 1 to 3

Case
Number

Pre- Levels After H.P.G. Administration

Levels Day i Day 2 Day 3 Day 6

1

2 00 0\0» i*5
°"9

2-5
0-7

6-5
o-6 00 0

case responded, which indicated their potential func¬
tional capacity given the appropriate stimulus. The
ovaries in the second case showed no response to
added trophic hormone, which confirmed the diagnosis
and demonstrated the patient's untreatable sterility.

The third patient, a boy aged 16 years, also presented
complaining of short stature and failure of primary and
secondary sexual development. Growth hormone
levels rose in response to hypoglycemia. Results of
tests of thyroid and adrenal function were normal, as
was the karyotype. The skull X-ray appearance was
normal, and the skeletal age retarded. The abnormal
findings were of low urinary general gonadotrophin and
low plasma testosterone levels. Plasma testosterone
levels trebled over the four days of H.C.G. administra¬
tion (Table 2), this index of testicular functional
response clearly defining potential Leydig cell function
and siting failure at the pituitary level. The final
diagnosis is not yet established.

The absence of such a response to H.C.G.
stimulation infers the absence of responsive
androgen producing tissue, and would be helpful
in determining preoperatively the presence or
absence of gonads in patients with cryptorchid¬
ism. The role of the H.C.G. stimulation test in
the male has been reviewed by Hudson and
Coghlan (1967).

Therapeutic
In the Male.—Obviously when hypogonadism is
caused by absent pituitary hormone stimulation,
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H.C.G. administration will induce endogenous
testosterone secretion and secondary sexual
development. Gonadotropin therapy is, how¬
ever, a cumbersome method of administering
substitution therapy, frequent injections being
necessary. Such treatment in high dosage
carries with it the risk of the production of
tubular hyalinization and peritubular fibrosis
(Macleod and Nelson, 1952).

Table 2

Plasma Testosterone Levels (Microgrammes per 100 ml.)
After H.C.G. Stimulation (3,000 I.U. of I.C.S.H.

Activity Daily) from Days 1 to 4

Pre- Levels After H.C.G. Administration
Case treatment

Number Level Day 2 Day 3 Day 4 Day 5

3 0-07,006 012 0-13 0-15 019

There is evidence, however, (Johnsen, 1962)
that H.C.G. not only stimulates the testis but
also may induce the secretion of pituitary
gonadotrophin and the onset and maintenance
of normal genital development. Our own
experience in a number of instances has
supported Johnsen's contention that pituitary
gonadotrophin secretion is induced by H.C.G.

Although this hormone has been used for
many years in the treatment of the undescended
testis, there is considerable controversy regarding
its value. Brunet et alii, (1958) have reviewed
the subject in the course of an analysis of the
results of treatment in 346 cases of undescended
testes, and found that in 69% of a group of
cases of cryptorchid testis, in which treatment
was being given by virtue of the site of the testis,
descent followed gonadotrophin therapy. This
success rate is higher than that usually reported.
Provided the dose is not large the risk of per¬
manent testicular damage by H.C.G. appears to
be small—total doses of 10,000 to 15,000 I.U.
can be safely given.

In the studies of hypogonadotrophic hypo-
gonadal men referred to in the section describing
physiological relationships, H.P.G. or H.M.G.
treatment in combination with H.C.G. treatment
has been followed by functional stimulation of
both tubular cells and Leydig cells. Thus the
use of these hormones can be expected to restore
spermatogenesis, exfoliation of sperm and their
ejaculation in the hypopituitary male. While
the number of patients treated has so far been
small (this variety of infertility being relatively
uncommon) and dose schedules have not yet
been accurately determined, it does seem that
fertility can be conferred upon or restored to
these patients by means of human gonadotrophin
substitution therapy.

Oligospermia unattended by any endocrine
deficiency is a much more common cause of male

infertility. We have studied three patients
over 10 to 12 months (de Kretser et alii, 1967),
and five more have been under treatment for
the past four to six months. In all but one case
in which the pretreatment biopsy has indicated
that the testis could respond, there has been
some increase in sperm count. In no case in
which the initial count was below 20,000,000
sperm per millilitre has any substantial benefit
been achieved, but in one case in which there
was an initial count of 23,000,000 per millilitre,
the increment in level brought the count to
48,000,000 per millilitre—almost into our normal
range. No pregnancies have yet resulted follow¬
ing treatment. This experience is similar to
that of others and it appears that gonadotrophin
treatment is unlikely to be of benefit to this
group of patients.
In the Female.—Gemzell et alii (1958, 1959)
pioneered the clinical use of human gonado¬
trophin therapy in the induction of ovulation.
Many publications have followed since, and
Shearman (1966) has reviewed the subject.

Patients with hypogonadotrophinism either
as an isolated defect or in association with other
pituitary defects are ideal patients for gonado¬
trophin substitution therapy. It has been found
that women with secondary amenorrhoea and
infertility without obvious physical or endocrine
cause, who constitute the majority of anovula¬
tory patients, respond well to gonadotrophin.
Infertile oligomenorrhoeic women can also be
satisfactorily treated. These observations on
women with a normal urinary excretion of
general gonadotrophin raise many speculations
regarding the genesis of their anovulatory state.
It is obvious that patients unsuitable for treat¬
ment include those with unresponsive ovaries,
blocked Fallopian tubes or endometrial disease
which would prevent nidation of the fertilized
ovum.

The main clinical problems associated with
the use of gonadotrophin in the treatment of
infertility are those of overstimulation of the
ovary (Mozes et alii, 1965), and of multiple
pregnancy. A variety of dose schedules
designed to minimize these risks has been
described, but none are completely satisfactory
(Crooke, 1967). It has been our practice to
administer H.P.G. daily to stimulate follicular
development. The ovarian response has been
monitored by daily urine oestrogen determina¬
tions, and the H.P.G. dose adjusted in an
attempt to limit ovarian stimulation to the
degree normally seen in the menstrual cycle,
when urine oestrogen values rise to a maximum
of 100 pg. per day at the time of ovulation.
Each patient in her first cycle of treatment is
given gradually increasing doses for about five
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days at each dose level, commencing at 80 I.U.
of F.S.H. activity until the smallest dose for
satisfactory follicular response is reached. The
increment ratio is in steps of 1-3 I.U., this level
being chosen because of our observation that
such a dose interval from a dose producing no
follicular response gave normal stimulation and
then overstimulation.

It had been shown early by Gemzell (1958)
that ovulation did not occur with F.S.H. alone,
and that H.C.G. with its L.H.-like action was

necessary. This is not surprising, when one
bears in mind that there is an L.H. surge
attending normal ovulation. We have observed
that the size of the H.C.G. dose, its timing in

on oestrogen production is observed regularly
when ovulation is not induced by H.C.G. given
after H.P.G.-induced follicular development, we
have not observed clinical effects associated with
these high urinary oestrogen levels. Caution
with the dose and timing of administration of
gonadotrophins has minimized the hazards of
excessive ovarian stimulation. While it was

our early belief that the F.S.H. dose and the
degree of follicular stimulation was the deter¬
mining factor in the production of the multiple
pregnancies which frequently result, the H.C.G.
dose has in our view become implicated, and it
is now our practice to keep the dosage of this
hormone to the minimum, giving 3,000 I.U. as

240 -
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Figure 3

Diagrammatic representation of clinical course in Case 5 during treatment with
gonadotrophins. (8-5 mg. of H.P.G. daily are equivalent to 450 I.U. of F.S.H.

daily; doses of H.C.G. in international units)

relation to the F.S.H.-induced oestrogen peak
and the timing of intercourse in relation to the
induced ovulation are critical in the achievement
of pregnancy. An interval of some 33 hours
between the last F.S.H. injection and the ovula¬
ting dose of H.C.G. has been found to be most
useful. We have found it necessary, too, to
give intermittent small doses of H.C.G. after
ovulation to maintain the corpus luteum for its
normal 14 days. The pattern of the oestrogen
response in gonadotrophin-induced ovulation is
similar to that seen in the normal menstrual

cycle (Figure 2), with a sharp fall after ovulation
followed by a secondary rise—the luteal peak.
The production of such a pattern is regarded as
an indication of ovulation. Overstimulation of
the ovaries with alarming enlargement was seen
when H.P.G. and H.C.G. were given together
after ovulation to one of our patients in an
attempt to maintain the corpus luteum. Al¬
though a synergistic effect of H.P.G. and H.C.G.

the ovulating dose during the first cycle and
1,000 to 1,500 I.U. at intervals of four days
during the 12 days after ovulation to maintain
the corpus luteum.

Results
Table 3 summarizes results in the 32 patients

treated in the endocrine clinic at the Royal
Women's Hospital, Melbourne. Case 5 illus¬
trates the response of an hypopituitary patient
to human gonadotrophin therapy.

This patient presented at the age of 37 years com¬
plaining of primary amenorrhoea and infertility. The
marriage of 11 years' duration had not been con¬
summated because of the lack of vulval and vaginal
development. The clinical diagnosis of hypopituit¬
arism was confirmed by standard tests of endocrine
function. The cause of the hypopituitarism could not
be determined. Replacement therapy with thyroxine
and cortisone was given and the patient had a most
satisfactory response. Oestrogens were also adminis¬
tered, withdrawal bleeding was induced and the vagina
was dilated gradually using Sim's dilators. Ultimately
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consummation of the marriage became possible.
Treatment with human gonadotrophins was begun, and
during the third cycle the patient became pregnant
(Figure 3). She was delivered at term by caesarean
section of one infant. She did not lactate.

Table 3
Summary of results of Human Gonadotropin Treatment
of Female Infertility at the Endocrine Clinic, Royal

Women's Hospital, Melbourne

Status of Patients

Clinical Details Pregnant Under
Treatment

Delivered
14

Undelivered

H ypogonadotrophic
amenorrhoea

Normogonadotrophic
amenorrhcea

Oligomenorrhoea
Pregnancies
Multiple pregnancies
Abortions
Number of cycles for which

treatment required

17
b
3

1-9 1-15
(Mean 3-8) (Mean 3-5) (Mean 5-3)

While such therapeutic applications of human
gonadotrophin therapy are few in either sex, the
rewards for a satisfactory response are great,
namely the conferring of fertility upon the
patient and concurrently the acquisition of
knowledge of gonadal physiology during a
carefully controlled treatment period.
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Administration of gonadotropins provides a
potent means of stimulating ovarian activity and
of achieving pregnancies in women with deficient
ovarian function. Because of the complications
of hyperstimulation and multiple pregnancies,
this treatment is usually reserved for patients who
fail to respond to other forms of therapy. It is
likely that these complications result from failure
to reproduce the precise dosage requirements
which are normally maintained by feed-back
regulation but this may not be the complete
explanation. For example, Gemzell and Roos
(1966) have reported a patient who aborted
seven fetuses after a course of treatment and then
had a single pregnancy following another
identical course. However, before postulating
the existence of other factors, it is necessary to
obtain more precise information relating dosage
of gonadotrophin to ovarian response and
resulting fertility. The number of possible
combinations and permutations involving the
timing and dosage of the two gonadotrophins
used and the presence or absence of partial
endogenous ovarian activity is enormous. The
present paper describes the ovarian response
to variations within one schedule of treatment
in which a preparation of human pituitary
gonadotrophin (HPG) was administered daily
and a single dose of h uman chorionic gonadotro¬
phin (HCG) was given to induce ovulation.
Ovarian activity before and during treatment was
monitored by daily urinary oestrogen and

10

I

pregnanediol measurements. The emphasis has
been on persisting with treatment until conditions
resulting in a successful pregnancy were obtained.
A preliminary account of the work has already
been reported (Townsend et at., 1966).

Materials and Methods

Gonadotrophins
HPG was prepared by the method of Brown,

Catt and Martin (1967). The yield averaged
250 i.u. of follicle stimulating hormone (FSH)
and 1,500 i.u. of luteinizing hormone (LH)
(Second International Reference Preparation)
per pituitary processed, and the dosage in FSH
units used in this paper was calculated on this
basis. The HPG was dispensed in ampoules so
that a wide range of doses in small increments
was available; it was dissolved in saline (1-0 ml)
and injected deeply into the gluteal muscle.

The chorionic gonadotrophin was "Pregnyl",
manufactured by Organon.

Assay Methods
Urinary oestrogens. The majority of the results

were obtained by the rapid method of Brown
et al. (1968b) which measures "total" oestrogens.
Some of the earlier results were obtained by the
modification of Brown's (1955) method, describ¬
ed by Brown et al. (1968a), the values reported
being the sum of oestriol, oestrone and oestradiol
multiplied by the factor 1-2, so that they are
equivalent to the results obtained by the shorter
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method. Both methods provided results on the
same day as the urine was received.

Urinary pregnanediol. Pregnanediol was mea¬
sured by gas liquid chromatography on Gas
Chrom Q coated with 0-5 per cent neopentyl-
glycol adipate polyester (Applied Science Lab¬
oratories) as described by Cox (1963, 1967). This
system is applicable to crude neutral fractions
from urine and does not require derivative
formation. The sensitivity is 0 05 mg. per 24
hours urine and one worker can perform 24
measurements in a day.

Urinary gonadotrophins. These were measured
by the method of Johnsen (1958) using the mouse
uterus test.

Complete 24-hour urine specimens were
collected before starting treatment, daily during
stimulation with HPG and for the first week after
ovulation, and thereafter usually every third day
until bleeding occurred or a positive pregnancy
test (Pregnostecon) was obtained. Urine was
collected weekly or monthly throughout preg¬
nancy.

Dosage Schedules
Gonadotrophin was not given unless urinary

oestrogen and pregnanediol excretion were both
at established base-line levels. HPG was adminis¬
tered daily each morning, starting at a low dose
(usually 125 i.u. FSH) and increasing in incre¬
ments by a factor of approximately 1 • 3 every 5
days until an ovarian response, as judged by
urinary oestrogen excretion, was obtained. This
schedule in which the patient is used as her own
control for determining dosage requirements
has been described fully by Shearman (1968). A
single dose of HCG was given for ovulation. In
our most recent schedule, the first dose used was

3,000 i.u. and if this failed to induce ovulation,
the dose was increased in subsequent cycles, first

to 5,000 i.u., then to 7,500 i.u., then to 10,000 i.u.,
etc. until ovulation was achieved. Additional
HCG was given during the luteal phase as
recommended by Townsend el at. (1966), the
schedule now adopted being 1,000 i.u. 6 days
after the ovulatory dose and 1,500 i.u. on days 9
and 12.

Insemination

The lowest sperm count accepted was 17
million per ml. Abstinence was recommended
for at least five days before giving the ovulating
dose of HCG. When this HCG was given in the
morning, intercourse was recommended the
evening before and the evening of that day. When
the HCG was given in the evening, intercourse
was recommended that evening and the next.

Patients Studied

The study involved 45 infertile women in
whom deficient ovarian function was the only
apparent cause of their complaint. Classification
according to menstrual disorder, urinary gona¬
dotrophin levels and response to clomiphene is
shown in Table I. The five patients with primary
amenorrhoea were selected on the basis of
absence of chromosomal defects and of capacity
to respond to HPG in preliminary stimulation
tests. The 30 women with secondary amenor¬
rhoea had absent menses for at least 18 months
before treatment (range 1-5-17 years, mean 5 -7).
Three patients had low gonadotrophin excretion
measured on two or more occasions and pro¬
ceeded directly to gonadotrophin therapy.
Twenty-seven patients had normal gonadotro¬
phin excretion (5-40 mu. per 24 hours) and these
were further subdivided into three groups. One
was an early group of 13 women who proceeded
directly to gonadotrophin treatment. The other

Table I

Classification ofpatients for gonadotrophin therapy (total 45)

Urinary Clomiphene Amenorrhoea Anovulatory
gonadotrophin therapy Oligomenorrhoea cycles

Primary Secondary

Low Not tested 4 3
Normal Not tested 1 13
Normal Failed 11 1
Normal Responded 3 9

I
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two groups consisted of 14 women who were
treated during a 12-18 months period, first with
a placebo, then with cyclic hormone therapy
(Evans et al., 1967) and then with clomiphene as
outlined by Townsend et al. (1966); all reached
clomiphene therapy and have been categorized
according to whether they failed to respond (11)
or whether they ovulated but failed to conceive
(3). Nine patients had oligomenorrhoea, defined
as infrequent menses occurring at intervals of
42 days to 6 months, all had received clomiphene
and had ovulated but had not conceived. One

patient had episodes of menstrual bleeding which,
during six months of investigation, were found
to be persistently anovulatory. The study does
not include women with persistently high urinary
gonadotrophin excretion.

In 36 patients the average base-line values of
oestrogen excretion were 0-7-8-6 /xg. per 24
hours (mean 4-9 /xg.), which indicate absent
ovarian function (Brown and Matthew, 1962).
In the remaining 9 patients, the values ranged
from 11 to 21 /xg. per 24 hours (mean 14-7 /xg.);
these included 7 of the 9 patients with oligo¬
menorrhoea. In all patients, the base-line
pregnanediol values were less than 1 -0 mg. per
24 hours (range 0-05-0-8, mean 0-36 mg.).

The oldest patient treated was aged 39 years.
This patient had primary amenorrhoea due to
idiopathic panhypopituitarism; she conceived
during her third cycle of treatment and was
delivered at term of one infant. Only four women
in the series have defaulted, two after 2 cycles of
treatment, one after 7 and one after 8.

Results

A. Pregnancies and Clinical Findings
Thirty-five women (78 per cent) have already

conceived, 8 of them twice, giving a total of 43
pregnancies. Of the first 28 women accepted for
treatment, 25 have conceived (89 per cent). There
have been 6 abortions (14 per cent); 4 of these
occurred during the first trimester and 2 during
the second trimester (one of the last two was a
twin pregnancy). Twenty-seven pregnancies have
already reached maturity and these have yielded
20 singletons (74 per cent) all surviving, 4 sets of
twins, all surviving, 2 sets of triplets, two from
each surviving, and one set of quadruplets, all
surviving. The incidence of multiple pregnancies,

excluding the one that was aborted, was there¬
fore 26 per cent.

A total of 222 courses of treatment have been
given (a mean of 4-9 courses per patient or 5-2
courses per pregnancy achieved). Although
oestrogen values greater than 200 /xg. per 24
hours were encountered during the follicular
phase in 63 cycles (28 per cent), clinical symptoms
of hyperstimulation (abdominal pain or enlarged
ovaries) were encountered in only 7 cycles (3-2
per cent). The symptoms were severe enough in
only one of these to be classified as grade 3
("adverse mild requiring observation") of
Rabau et al. (1967a), and this occurred in the
first patient to be treated in the series (Fig. 4b).
Nevertheless, it has not been our practice to
examine patients routinely for ovarian enlarge¬
ment unless there have been clinical or strong
biochemical indications that this might provide
useful information.

B. Steroid Excretion Patterns in Pregnancy
Cycles

The oestrogen and pregnanediol values found
during the 20 cycles resulting in surviving
singletons and the 7 resulting in multiple preg¬
nancies are summarized in Figure I. All showed
the characteristic pattern of the normal ovulatory
cycle with a peak of oestrogen excretion at about
the time of ovulation and a luteal phase increase
in both oestrogen and pregnanediol excretion
(Brown, Klopper and Foraine, 1958). However,
the values were generally higher than those
found during the normal cycle. The oestrogen
values found in the multiple pregnancies were
within the same range as for the single pregnan¬
cies but the pregnanediol values tended to be
higher during the luteal phase (Fig. 1).

Inspection of the total 43 pregnancy cycles
showed that the above pattern occurred in 42.
In these 42 cycles the oestrogen values rose under
stimulation with HPG and reached a well
defined "ovulatory" peak, the peak value
occurring within the interval of 48 hours before
and 72 hours after the ovulating dose of HCG
was given. The oestrogen levels then fell to at
least 70 per cent (range 27-70, mean 49 per cent)
of the peak value within three days after the peak.
The oestrogen and pregnanediol levels then rose
spontaneously during the seven days after the
peak and then usually more rapidly when

[



SINGLE PREGNANCIES MULTIPLE PREGNANCIES

3 6 9 12 15 IS -9 -6 -3 0 3 6

DATS BEFORE AND AFTER OESTROGEN PEAK

Fig. 1

Ranges of oestrogen and pregnanediol values in the 20 cycles resulting in mature single pregnancies (a) and in the 7
cycles resulting in mature multiple pregnancies (b). The day of the ovulatory peak of oestrogen excretion (day 0) in each

cycle has been superimposed (logarithmic scale for oestrogens).

Fig. 2

HPG dosage in total i.u. FSH required to produce
optimum follicular responses in 45 women, showing the
number of patients in each dose range. Doses were given

daily for 5-10 days (mean 7-6 days).
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Fig. 3

Responses to ovulating doses of HCG. (a) Mrs. P., age 24, primary amenorrhoea due to hypogonadotrophic hypo¬
gonadism; cycle 3. HCG given after the oestrogen peak did not produce an additional follicular response; a twin
pregnancy resulted. She had also conceived in cycle 2 but had aborted at 13 weeks, (b) Mrs. N., age 23, secondary
amenorrhoea for 2 years, ovulated on clomiphene; cycle 3. HCG (5,000 i.u.) given as the oestrogen values were falling
caused an additional rise to a peak 2 days later; a single pregnancy resulted. 3,000 i.u. given in cycles 1 and 2 had failed
to induce ovulation, (c) Mrs. S. (see Fig. 6), cycle 22. Shows an attempt to obtain maximum follicular sensitivity to
HCG. The initial over rapid response to a dose of 175 i.u. FSH per day was reversed by withholding treatment then
starting at a lower dose and increasing again. HPG was stopped as soon as an oestrogen value over 50 /xg. per 24 hours
was recorded and, because of the continuing oestrogen rise, HCG (10,000 i.u.) was not given until 48 hours later.
Ovulation and conception followed. In cycles 19,20 and 21, 7,500-10,000 i.u. HCG had produced promising pregnanediol

rises but unsatisfactory oestrogen peaks.

additional HCG was given. The pregnanediol
values reached 2-5 mg. per 24 hours urine within
the seven days after the peak in 40 of these cycles
and within 12 days in the other two.

In 37 cycles, the oestrogen levels had been
rising continuously for at least four days before
the ovulating dose of HCG was administered;
the values then continued to rise still further and
reached a peak within the same 24-hour period

as the HCG was given in 11 cycles, on the next
day in 22 and on the day after that in 4 cycles.
In the other five cycles, the oestrogen values had
risen initially and were then falling when the
HCG was administered so that the value on the

day the HCG was given was lower than that on
the previous day. In 3 of these 5 cycles the levels
then rose again to reach a definite peak one or
two days later (Fig. 3b) and in the other two the

i
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Fig. 4

Abnormal luteal phases. Mrs. D.L., age 26, secondary amenorrhoea for 1J years, has subsequently conceived again
without treatment, (a) cycle I, shows a short luteal phase of 11 days without maintenance doses of HCG. (b) cycle 2,
shows hyperstimulation (grade 3) as a result of giving HPG combined with HCG during the luteal phase, (c) cycle 3,
shows a recession of corpus luteum function 7 days after ovulation; conception occurred but the single fetus was aborted

at 23 weeks, Menstrual bleeding.

fall continued so that the peak had occurred
before the HCG was given (Fig. 3a). It is
unlikely that ovulation was spontaneous in these
latter two cases since one was a patient with
primary amenorrhoea associated with hypo-
gonadotrophic hypogonadism.

In the one conceptual cycle which did not
conform to this general pattern, the oestrogen
levels continued to rise into the luteal phase
without showing an ovulatory peak, and this
pregnancy ended in abortion at ten weeks (Fig.
5a). The pattern outlined above therefore appears
to be basic to fertility and a successful pregnancy.
Of the total of 222 induced cycles, only 99 con¬

formed to the pattern showing the more rapid
pregnanediol rise (40 pregnancies) and 11 to the
pattern with the slower pregnanediol rise (2
pregnancies). Twenty-five conceptions occurred
during the first correct cycle to be induced in that
individual and 39 occurred within three correct

cycles; two patients required four correct cycles
and one required eight before conception
occurred.

C. Factors Involved in Achieving "Correct"
Steroid Excretion Patterns

(I) Short luteal phase. Townsend et al. (1966)
reported a short luteal phase of nine days in a

i
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Fig. 5

Mrs. J., age 32, amenorrhoea I year following oligomenorrhoea, failed to respond on
clomiphene. (a) cycle 3, HCG (5,000 i.u.) given at a low level of oestrogen excretion
produced a progressive increase in levels without an ovulatory peak; the resulting
pregnancy ended in abortion at 10 weeks (b) cycle 1 I, conception of quadruplets occurred

following the use of 10,000 i.u. HCG for ovulation.

patient who received a single ovulating dose of
3,000 i.u. of HCG following stimulation with
HPG. This phenomenon has been a reproducible
finding (5 cycles in 3 patients) and the one
pregnancy induced under these conditions ended
in abortion at 23 weeks (Fig. 4c). Townsend el al.
(1966) demonstrated that function of the corpus
luteum could be prolonged and steroid produc¬
tion enhanced by giving additional HCG in

relatively small doses during the luteal phase. A
schedule in which additional HCG is given
during the luteal phase, in doses up to 1,500 i.u.,
has therefore been used routinely in this study.
The requirement for this HCG has decreased as
the dosage used for ovulation has been
increased and was found to be unnecessary in
those patients requiring 10,000 i.u. or more for
ovulation (Figs. 6c and 7c).
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Responses in a patient presenting difficulties in the induction of ovulation. Mrs. S., age 26, had menstruated spontane¬
ously only twice, the last occasion being 6 years ago; urinary gonadotrophins were less than 4 mu. per 24 hours,
(a) cycle 8, shows absent rise in pregnanediol excretion, a feature of all preceding cycles, (b) cycle 16, shows marginal
increases in pregnanediol following 40,000 i.u. EICG for ovulation and supplementary doses of 5,000 i.u.; endometrial
biopsy showed secretory changes, (c) cycle 18, shows ovulation finally achieved by a combination of slow follicular
maturation and 40,000 i.u. HCG. Grade 2 hyperstimulation occurred and the resulting pregnancy ended in abortion at

12 weeks. Subsequent HCG requirements were considerably reduced (Fig. 3). ^ Menstrual bleeding.

(2) HPG dosage. Townsend et at. (1966)
reported results in a patient who first over-
responded to a daily dose of 250 i.u. FSH, then
failed to respond in the next cycle to 125 i.u. and
finally responded satisfactorily and conceived
when the dose was 165 i.u. That a threshold

dosage requirement for HPG exists and that the
maximum factor for dosage increment above
this threshold to avoid an excessive response is
approximately 1 • 3 has been repeatedly confirmed
in this study (Figs. 3c, 9b and 106). The doses of
HPG required to produce satisfactory follicular

responses in the 45 women are summarized in
Figure 2.

Constancy of dosage requirement was tested
in the 34 patients who had two or more courses
of treatment. In 24 (71 per cent), the response
was reproducible within a ±5 per cent dose range
calculated on the basis of the number of pituitar-
ies processed in the various batches of H PG used.
This reproducibility extended over periods of
years with intervening pregnancies. The greatest
range was ±20 per cent and this was encountered
in two patients.

i
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Responses in a patient with high HCG requirements. Mrs. H., age 23, secondary amenorrhoea for 7 years, (a) and (b),
cycles 6 and 7, show high levels of urinary oestrogens following 5,000 to 7,000 i.u. HCG for ovulation and no ovulatory
peak. Similar results had been obtained in cycles 1-5 using 2,000-5,000 i.u. HCG. (c) ovulation was achieved by using
10,000 i.u. and a single pregnancy resulted. No additional HCG was required during the luteal phase. ^ Menstrual

bleeding.

There was an inverse correlation between HPG

requirement and endogenous oestrogen levels
(r = —0-54, p<0-01); the five patients who
required 100 i.u. FSH or less per day all had
base-line values above 13 /ug. per 24 hours.

(3) HCG dosagefor ovulation. As with the HPG
dosage, there was a considerable individual
variation in the minimum amounts of HCG
required to induce ovulation. At first this was
standardized at 2,000-5,000 i.u. but some patients
were encountered who required higher doses
before a satisfactory steroid response was
obtained. This increase in HCG dosage, when
applied indiscriminately, was accompanied by a

sharp increase in the incidence of multiple
pregnancies. In the present series, all the women
with multiple pregnancies had follicular respon¬
ses to HPG which were well within the ranges
found in the single pregnancies (Fig. 1). How¬
ever, there was evidence that they received higher
doses of HCG for ovulation than was necessary.
The patient who conceived quadruplets (Fig. 5)
received 10,000 i.u. although she had conceived
in an earlier cycle after 5,000 i.u. Of the two
women who conceived triplets, one received
10,000 i.u. after ovulating with 5,000 i.u. in an
earlier cycle, and the other conceived during her
first induced cycle after 5,000 i.u. and a lower dose
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was not tested. Of the four women who conceived
twins, one received 7,500 i.u. after the oestrogen
peak had already occurred (Fig. 3a); a second
received 5,000 i.u. although she had already had
a successful single pregnancy after 2,0C0 i.u.; a
third received 5,000 i.u. although she had
produced a satisfactory steroid pattern in an
earlier cycle using 2,500 i.u.; the fourth received
5,000 i.u., aborted twins and later conceived
twins again using 3,000 i.u.

Although these results suggest that excessive
dose of HCG is one of the factors involved in the

production of multiple pregnancies, the criterion
of minimum dosage did not always apply for the
single pregnancies. Of the 21 women with
delivered single pregnancies, including the one
who aborted at 23 weeks, 4 received a dose of
2-3,000 i.u. for ovulation, 13 received 5,000 i.u.
(only one of these was tested at a lower dose),
two received 7,500 i.u. (one of these had and the
other had not produced a satisfactory pattern on
5,000 i.u.), and two received 10,000 i.u. (one of
these had and the other had not produced a
satisfactory pattern on 7,500 i.u.). Of the 10
current pregnancies, 9 were commenced at an
ovulating dose of 3,000 i.u.; 6 ovulated and
conceived on this dose, 2 required 5,000 i.u. one,
required 7,500 i.u. and the other required 10,000
i.u. Thus 3,000 i.u. is a commonly effective dose
for ovulation, and many of the singleton preg¬
nancies were probably induced with doses of
HCG which were higher than necessary for that
particular cycle. Failure to produce more
multiple pregnancies could well have been due to
chance and to the operation of factors to be
considered later.

That high doses of HCG are sometimes
necessary before ovulation results is illustrated
in Figures 6c and 7c.

D. Steroid Excretion Patterns in

Unsatisfactory Cycles
Steroid excretion patterns different from that

associated with successful pregnancy were
encountered in 112 induced cycles. These are
considered under the following groupings.

Group I. No response. Only two women
accepted for treatment have failed to respond to
daily doses of up to 1,500 i.u. FSH, the maximum
used in the present study. Both women were

having occasional episodes of spontaneous
ovarian activity and sporadic high urinary
gonadotrophin levels. They have not been includ¬
ed in the present series.

Group 2. Excessive stimulation with HPG.
(a) Follicular phase. Under the regime of HPG
dosage used here, there was a latent period of 3-4
days during which no change in oestrogen
excretion was observed and this was then follow¬
ed by progressive increases in excretion. A
convenient criterion for excessive stimulation
was that oestrogen values exceeded 100 pg. per
24 hours within five days of commencing HPG.
Such responses occurred in 8 cycles (6 patients)
and all were obtained during early treatment of
patients with low HPG requirements. HCG was
withheld in 5 cases and given in 3 cases. In all
cases the oestrogen values continued to increase,
the maximum encountered being 1,900 pg. per
24 hours, and then regressed without ovulation
occurring and without incident.

(b) Luteal phase. HPG was given during the
luteal phase to one patient (Fig. 4b), the aim in
this instance being to prolong the luteal phase.
HCG (3,000 i.u.) was also given at the same time.
A dramatic increase in oestrogen and pregnan¬
diol excretion occurred with pregnanediol
values reaching 100 mg. per 24 hours. On the
basis of the results, further treatment was with¬
held. Nevertheless the ovaries became grossly
enlarged, being easily palpated abdominally and
the patient experienced nausea. She was admitted
to hospital as a precautionary measure and the
symptoms subsided without incident.

Group 3. A poorly defined or absent ovulatory
peak following an apparently satisfactoryfollicular
increase in oestrogen excretion. There were 25
cycles in which the oestrogen values continued to
rise for 4-8 days after the ovulatory dose of HCG
was given, and then returned to base-line values
(Figs, la, b, 8a, b, c, and 9b). There were another
37 cycles in which a transitory fall in oestrogen
excretion occurred within three days of giving
the HCG, but this did not reach 70 per cent of the
peak value and was usually observed in one day's
specimen only (Fig. 6b). Only one pregnancy
occurred during these 62 cycles and this ended in
abortion at 10 weeks (Fig. 5a). Some very high
oestrogen values were encountered and figures
exceeding 1,000 pg. per 24 hours were observed
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in 10 cycles, the highest being 2,150 pg. per 24
hours. The pregnanediol response varied from
nil to that expected in a luteal phase and elevated
values of pregnanediol and oestrogen excretion
could be maintained by giving additional HCG
(Figs. 6b and 7.7).

Group 4. A minimaI or absent rise in pregnane¬
diol excretion following an apparently satisfactory
ovulatory peak ofoestrogen excretion. There were
13 cycles in which the pregnanediol values failed
to reach 2-5 mg. per 24 hours although an
ovulatory peak of oestrogen excretion had
occurred (Fig. 6a). Administration of relatively
large supplementary doses (5,000 i.u.) of HCG
during these cycles could sometimes increase the
pregnanediol excretion and produce secretory
changes in the uterine endometrium (Fig. 6b).
However, none of these cycles resulted in a
pregnancy. This finding indicated that the
presence of an ovulatory peak did not necessarily
prove that ovulation had occurred in that cycle.
A more reliable criterion of ovulation was the

finding of a well-defined increase in pregnane¬
diol excretion, which was enhanced further by
giving the supplementary doses of HCG
(compare Fig. 6c with 6a and h).

Group 5. Plateau effect. In this pattern (Figs.
lOu and b) the oestrogen values increased
initially under stimulation with HPG but the
response was not progressive and the values
reached a plateau at a level higher than base-line,
within the range 12-50 pg. per 24 hours (mean
21-6 pg.). This effect was due to the use of
marginally effective doses of HPG and was
usually corrected by slightly increasing the dose of
HPG in that cycle. This correction was done in
26 of such cycles and 8 pregnancies resulted. In
two patients, considerably increased doses of
HPG were required to obtain the desired
response and during the several weeks taken to
achieve this, breakthrough bleeding occurred
(Fig. 106).

An ovulating dose of HCG was given during
a plateau in 16 cycles. Unlike the normal respon¬
ses associated with ovulation, no changes in
oestrogen or pregnanediol excretion could be
detected (Fig. 10(7) although the plateau could be
prolonged by giving additional doses of HCG.
In this work it appeared that a degree of follicular
maturation represented by an oestrogen excre¬

tion rising above 50 pg. per 24 hours was impor¬
tant before a satisfactory ovulation was obtained.
Five pregnancies occurred when the oestrogen
value was less than 50 pg. on the day before the
HCG was given, three of these ended in first
trimester abortions (Figs. 5a and 6c), one yielded
triplets and only one was a normal single
pregnancy.

E. Experiments to Determine the Factors which
Influence Ovulatory Responses to HCG

(1) Use of mixtures of HPG and HCG for
follicular stimulation. Small doses of HCG
(100-600 i.u.) were given daily along with the
HPG during follicular stimulation in 5 cycles
(4 patients). The excretion of oestrogen and of
pregnanediol was indistinguishable from that
obtained using the same doses of HPG alone.
Therefore, when stimulating growth of follicles,
there appeared to be no advantage in giving LH
in addition to that contained in the HPG.

(2) Reduction of HPG dosage during follicular
stimulation. The effect of administering HPG in a
schedule which simulated the feed-back suppres¬
sion of pituitary FSH during the normal cycle
(Fukushima et al., 1964) was investigated in 7
cycles (4 patients). HPG was administered daily
until the oestrogen output began to increase and
then the dosage was reduced progressively. The
results depended on the rate at which the
oestrogen output was increasing; in five cycles
the increase continued unabated and immediate
induction of ovulation was necessary and in the
other two cycles the response degenerated into
a plateau effect. However, as shown in later
experiments, the ovulatory response to HCG is
influenced by the rate at which the follicles are
maturing and by the amount of stimulation they
are receiving from HPG at the time the HCG is
given. Therefore, it is likely that the manoeuvre
of reducing HPG dosage could be successful if a
more precise method of control was applied.

(3) Timing the ovulating dose of HCG in relation
to the last dose of HPG. The period of time
elapsing between completing the course of HPG
and giving the ovulating dose of HCG was
found to influence the ovulatory response. This
phenomenon is illustrated in Figure 8 which
shows the response of a patient to 7,500-10,000
i.u. HCG given in four cycles following an

I
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Effect of separating the ovulating dose of HCG from the last dose of HPG. Mrs. K., age 23, secondary amenorrhoea
for 41 years, (a) cycle 9, shows high levels of urinary oestrogens without an ovulatory peak when HCG (7,500 i.u.) was
given with the last dose of HPG. Progressively less marked responses occurred as the doses were separated by 10 hours
(c) and 24 hours (b). Satisfactory responses have been obtained regularly using intervals of 34 hours (d) to 48 hours even
with ovulating doses as small as 3,000 i.u. HCG. This patient has not conceived after 21 induced cycles. Menstrual

bleeding.

approximately equivalent stimulation with HPG.
When the HCG was given with the last dose of
HPG (cycle a) the oestrogen levels rose rapidly
to almost 2,000 pg. per 24 hours with no evidence
of an ovulatory peak. When the HCG was given
10 hours later (cycle c) and 24 hours later (cycle b)
the responses were progressively less marked and
when given 34 hours later (cycle d) the pattern
showed the ovulatory peak of oestrogen excre¬
tion followed by rises in oestrogen and pregnan¬
diol output. The importance of this phenomenon
depended on the patient. In some, a satisfactory
pattern could not be induced unless the doses of

HCG and HPG were separated by at least 24
hours, whereas others ovulated and conceived
when the two were given together (Fig. 4).
Nevertheless, because of this observation, HCG
for ovulation is now given routinely 34-48 hours
after the last dose of HPG.

(4) The rate offollicular development. The rate
of increase of oestrogen excretion during the
follicular phase, and the level reached, also
influenced responsiveness to the ovulating dose
of HCG, the more rapid the increase the greater
the chance of obtaining an unsatisfactory
response. Figure 9 illustrates two cycles (cycles a
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Effects of follicular responses on ovulatory responses. Mrs. F., age 23, oligomenorrhoea, ovulated on clomiphene.
(a) and (c) cycles 5, and 7, show satisfactory responses to 5,000 i.u. HCG with higher pregnanediol values following the
higher oestrogen peak value, (b) the same dose of HCG given during the more rapid follicular response which followed
an increase in dose of HPG by a factor of I ■ 5 caused rapidly rising oestrogen values without an ovulatory peak.

Menstrual bleeding.

and c) in which a dose of 5,000 i.u. HCG given
after an oestrogen rise from approximately 10 to
70 ng. per 24 hours in 6-7 days produced a
satisfactory ovulatory peak. However, the same
dose given after the more rapid oestrogen rise
from 30 to 90 pg. in 3 days, which followed a
dosage increment in HPG of 1 • 5, caused a broad
oestrogen maximum reaching 1,350 pg. per 24
hours (cycle b). Figures 6b and c show an
unusual situation in which 40,000 i.u. HCG did
not produce an ovulatory peak when the oestro¬
gen levels rose from 5 to 80 pg. in 9 days (cycle b)
but the patient ovulated and conceived when the
rise took 17 days to reach the same figure (cycle

c). The same phenomenon is also illustrated in
Figure 3c.

(5) Height of the ovulatory peak of oestrogen
excretion and the subsequent levels ofpregnanediol.
In the majority of patients, there was a direct
relationship between the levels of oestrogen
reached at the ovulatory peak and the levels of
pregnanediol reached during the next 14 days.
This effect was most noticeable when comparing
results in different cycles from the same individ¬
ual and is illustrated in Figure 9. In cycle a, the
oestrogen peak was 111 pg. per 24 hours and the
pregnanediol values reached 3-0 mg. per 24
hours, whereas in cycle c, the oestrogen peak was
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Plateau effects, (a) Mrs. B., age 28, oligomenorrhoea, ovulated on clomiphene, cycle 6. Oestrogen values plateaued at
40 fig. per 24 hours and HCG (5,000 i.u.) given at this time had no demonstrable effect, (b) Mrs. Fd., age 23, oligomenor¬
rhoea, ovulated on clomiphene, cycle 1. Values plateaued at 20 fig. per 24 hours until a daily dose of 250 i.u. FSH was
reached. Menstrual bleeding occurred from 8th to 15th July and ceased as the oestrogen values were rising.

^ Menstrual bleeding.

141 /ag. and the pregnanediol reached 10-2 mg.
When the results for the series as a whole were

compared, the correlation was also significant
(r = 0-39, n = 112, p<0-01). The relationship
was not simply a reflection of the numbers of
follicles and of corpora lutea present since it was
independent of whether a resulting pregnancy
was single or multiple.

/•'. Correction of Unsatisfactory Responses
The foregoing findings were applied to the

correction of responses in which the ovulatory
peak of oestrogen excretion was absent or poorly

defined (group 3 above, 62 cycles). Over-rapid
increases in oestrogen excretion occurred during
administration of HPG in 7 patients (17 cycles).
In these, the correct pattern was obtained in later
cycles by maintaining the same dose of HCG and
reducing the rate of follicular response by using
smaller doses of HPG. The ovulating dose of
HCG had been given together with or close to
the last dose of HPG in 4 patients (12 cycles).
In these the correct pattern was obtained in later
cycles simply by separating the two doses. The
dose of HCG proved to be insufficient in 4
patients (6 cycles) and the correct pattern was
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obtained in later cycles by increasing the dose.
The situation was self correcting in later cycles
without altering the dosage schedule in 3 patients
(8 cycles) and in 2 patients (19 cycles) correction
of the response required careful adjustment of
timing, rate of follicular development and dose of
HCG (Figs. 3c, 6c and 7c).

The findings were also applied to the correc¬
tion of the pattern in which an ovulatory peak
occurred but the pregnanediol response was poor
or absent (group 4 above, 13 cycles, 10 patients).
The oestrogen ovulatory peak value was less than
90 /xg. per 24 hours in six patients and in all of
these the pregnanediol excretion was increased
in later cycles by allowing the oestrogen values
to rise to higher peaks. The poor pregnanediol
response was self correcting in later cycles in one
patient, and was corrected by giving larger
ovulating doses of HCG in the other three
patients. With optimum adjustment of all the
factors, these poor pregnanediol responses are
now uncommon.

Discussion

Fertility was associated with a narrowly
defined pattern in which oestrogen output
increased progressively under stimulation with
HPG to reach a well defined ovulatory peak
about the time the ovulating dose of HCG was

given. The oestrogen values then fell to at least
70 per cent of the peak level within three days
after the peak and increased again. This second
increase was accompanied by an increase in
pregnanediol excretion which exceeded 2-5 mg.
per 24 hours within 12 days. Only half of the
induced cycles conformed to this pattern and
these yielded 42 of the 43 pregnancies; the one
exception ended in abortion at 10 weeks. Such a
pattern occurs during the normal menstrual
cycle and has been reported by other workers
during successful gonadotrophin therapy (Crooke
et al., 1963).

Many workers have demonstrated that a
threshold dose of HPG is necessary before
maturation of follicles commences and that this
effective dose differs considerably from patient
to patient (Crooke, 1964). Townsend et al. (1966)
showed that a dosage increment of 1 • 3 can make
the difference between a response and no
response or between a satisfactory response and
an over-response. The importance of this finding

in avoiding excessive stimulation has been
repeatedly demonstrated in the present study.
When increasing the dosage of HPG, it is now
our rule not to exceed an increment of 1 - 3 and
the new dosage is continued for at least five days
before further increases are made. A figure of 1 • 3
was also recommended by Crooke, Butt and
Bertrand (1966). Nevertheless, many workers
believe that they are maintaining minimum
dosage schedules by using 75 i.u. FSH as the
basic unit, in which case increments of 1 - 3 are
not approached until the dose is changing from
3 to 4 ampoules (Rabau et al., 1967a). In the
present study three basic units of 75, 100 and 125
i.u. FSH were necessary to obtain the required
dose ranges.

The use of these small dosage increments
frequently produced marginal responses which
did not progress and the oestrogen levels reached
a plateau between 12 and 50 /xg. per 24 hours.
This levelling of response was overcome by
increasing the dose of HPG in that cycle. If the
plateau was allowed to persist, breakthrough
bleeding occurred, a situation analogous to that
which is found naturally in some women with
dysfunctional uterine bleeding (Brown, Kellar
and Matthew, 1959). A degree of follicular
maturation equivalent to oestrogen values rising
above 50 /xg. per 24 hours was important for
obtaining consistent ovulatory responses to
HCG. When HCG was given at lower levels, the
ovulatory response was often minimal or absent
and of the five pregnancies which did occur
under this condition, three ended in first trimes¬
ter abortions. Seddon et al. (1967) also reported
poor responses when ovulation was attempted at
low levels of oestrogen excretion.

On the other hand, a dose of HCG which was

repeatedly effective in inducing ovulation with
moderate follicular responses was often ineffec¬
tive when the response was excessive, and led
instead to an even greater response in oestrogen
output. Forty-eight unsatisfactory cycles occur¬
red under these conditions. An analysis of
repeated cycles in the same patient showed that
the follicles were least sensitive to ovulation with
HCG when the oestrogen output was rising
rapidly, that the sensitivity increased as the rate
of rise decreased and was at a maximum when
the values were between 50-100 /xg. per 24 hours
and were rising slowly or had begun to fall. It is

I
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relevant that during the normal menstrual cycle
release of LH occurs as the oestrogen levels are
falling after reaching the peak (Burger, Catt and
Brown, 1968), and that in the ewe the mature
follicle stops secreting oestrogens several hours
before ovulation (Moore et a/., 1969).

The oestrogen values reached at the ovulatory
peak were in general higher than the range of
50-100 ng. found during the normal cycle
(Brown et al., 1968b). An analysis of the peaks in
128 induced cycles showed that the oestrogen
levels reached at the peak were determined by
the levels reached at the time the HCG was given
and not by the rate at which oestrogen output
was increasing at this time, However, of greater
importance was the fact that in all but three of
these induced cycles the administration of HCG
caused an immediate additional increase in

oestrogen values, whereas in the normal cycle
the release of LH occurs after the peak at a time
when the follicle no longer responds in this
manner. This normal situation was apparently
reproduced in the above three cycles and these
yielded 2 pregnancies (Fig. 3a).

No satisfactory explanation has yet been
advanced for the high incidence of multiple
pregnancies obtained with gonadotrophin ther¬
apy. Gemzell and Roos (1966) and Taymor et al.
(1967) showed that the oestrogen levels reached
in cycles yielding multiple pregnancies were not
different from those yielding single pregnancies,
although the pregnanediol values tended to be
higher. This was also found in the present work.
However, the rate of increase of oestrogen
excretion seems to be important. In the quin¬
tuplet pregnancy reported by Liggins and
Ibbertson (1966), doubling doses of HPG were
used and the oestrogen levels were trebling daily
before HCG (3,000 i.u.) was given for ovulation.
Following this report, we have withheld HCG
when such responses were obtained. An impor¬
tant finding in the present series was that all the
multiple pregnancies could be associated with
the use of higher than necessary ovulatory doses
of HCG. However, the doses of HCG used were
generally less than those administered routinely
by some workers and many of our single
pregnancies occurred using similar doses. The
range of HPG dosage required to produce
satisfactory follicular responses in the 45 patients
was nine-fold (Fig. 2), a range similar to that

reported by Crooke et al. (1966). The factors
governing the dosage of HCG were, however,
much more complex. In our series, the dosage
range was twenty-fold and, even more important,
the dose for an individual patient depended on
the state of maturity of the follicles at the time
the HCG was given. Further work is needed to
determine the minimum dosage of HCG in each
individual patient for different degrees of
follicular maturity and also to determine the
exact time when the follicle is most sensitive to

ovulation with HCG. It is likely that the smallest
effective ovulatory dose of HCG for the majority
of patients will be less than the smallest standard
dose of 3,000 i.u. used here. If the use of mini¬
mum dosage schedules does prove to be the
means of avoiding multiple pregnancies, and
since all workers are using doses which are
considerably in excess of these, it follows that the
human ovary has a powerful in-built mechanism
for producing one ovum at a time and that this
mechanism fails only through the chance
combination of excessive dosage of HCG and
conditions producing high follicular sensitivity
to HCG.

Abortion rates of approximately 30 per cent
have been reported by most workers (Gemzell,
1967; Lunenfeld and Rabau, 1967). In the
present series the incidence of abortion was 14
per cent. Five of the six patients involved have
since conceived again. Factors which could have
accounted for the abortions were present in
every case. In three of the four patients whose
pregnancies ended before 13 weeks, the oestro¬
gen levels were unusually low (less than 50 yug.
per 24 hours) at the time when the ovulating dose
of HCG was given, and furthermore, in one of
these patients the ovulatory peak did not occur.
The fourth early abortion occurred in a patient
with primary amenorrhoea and genital hypo¬
plasia who conceived during her first cycle of
treatment before the hypoplasia had been
corrected. It is now our routine practice to treat
all patients with oestrogens before starting
gonadotrophin therapy. All four abortions were
manifested by falling oestrogen and pregnanediol
levels for several weeks beforehand. Of the two
abortions which occurred at approximately 22
weeks, one had a temporary acute recession of
corpus luteum function seven days after ovula¬
tion and the other was a twin pregnancy. Study
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of hormone levels during conceptual cycles may
likewise provide information on endocrine
factors involved in abortion in the normal

population. We believe that the low incidence of
abortion was largely due to the use of mainten¬
ance doses of HCG during the luteal phase. The
multiple large doses of HCG used at ovulation
by many workers would also operate to support
the corpus luteum, although less effectively, and
furthermore would ensure that even the most

unfavourably stimulated follicles were ovulated.
These supplementary doses of HCG caused the
levels of oestrogens and pregnanediol to be
higher than during the luteal phase of the normal
cycle (Fig. 1), but this effect appeared to be
entirely beneficial. There was no evidence from
the steroid excretion patterns in the 170 cycles in
which these supplementary doses were given,
that these doses themselves induced fertile
ovulation of additional follicles. When support
with HCG was discontinued, the levels of
oestrogen and pregnanediol either began to fall
within a week, indicating that menstruation was
imminent, or were maintained or continued to
rise indicating the patient was pregnant.

Hyperstimulation has been a hazard encoun¬
tered by most workers. Only one instance causing
concern was encountered in the present series
and this occurred in the first patient to I e treated.
Here, HPG (160 i.u. FSH) was given along with
HCG (3,000 i.u.) on days 3 and 6 after the
ovulating dose of HCG (Fig. 4b). The result
indicates that administration of FSH with HCG
after ovulation is contraindicated and supports
the view of Rabaucto/. (1967a) that the syndrome
results from excessive stimulation during the
luteal phase. It is here that daily monitoring of
oestrogen and pregnanediol excretion has an
important application since such responses are
immediately apparent and further gonadotrophin
can be withheld. Furthermore, if base-line levels
are not always established before starting treat¬
ment, it is possible to give gonadotrophins
unwittingly to a patient who has already ovulated
spontaneously and is in the luteal phase of a
cycle. This could have occurred twice in the
present series. A similar low incidence of
complications has been reported by Cox, Cox
and Black (1968) using the same monitoring
system.

The procedures developed here are completely

i

practicable. One worker can complete 24-36
oestrogen measurements in a day, with results
available within 3| hours of receiving the urine,
and another can perform 24 pregnanediol
analyses. The project has involved approximately
4,000 oestrogen and 2,000 pregnanediol analyses
and has therefore occupied only a minor part of
a general application of these analyses during
the past five years. The use of small dosage
increments of HPG and daily monitoring during
the pre- and immediate post-ovulatory periods
has eliminated the hazard of hyperstimulation
except perhaps in those few patients with high
HCG requirements. The minimum of medical
supervision is therefore required. The correct
dose of HPG for each patient is obtained during
her first course of treatment and this dose is

usually reproducible in subsequent courses.
Patients with oligomenorrhoea or base-line
levels of urinary oestrogens above 10 /xg. per 24
hours, who may have low dosage requirements
(Gemzell, 1967; Rabau el a!., 1967b), are
commenced on 75 i.u. FSH daily. All others are
commenced on 125 i.u. FSH. With dosage
increments of 1-3 every five days, the correct
dose for patients with high HPG requirements
may not be reached until after four to five weeks.
Selection of the correct dose of HCG for ovula¬
tion may take several cycles but for the majority
of patients 3,000 i.u. is effective providing all
other factors are optimal. However, one twin
pregnancy has occurred on this dose and some
patients require 5,000 i.u. or more before
ovulation results. The long term pregnancy rate
for patients with ovaries responsive to HPG is
approximately 90 per cent, which is that for the
general community with normal ovarian func¬
tion. The mean number of treatment cycles per
pregnancy achieved has been 5-2 but this figure
has decreased with experience and for the 17
most recent pregnancies the mean figure was 2-1
cycles. The therapy was equally effective for all
groups of patients treated. The procedure also
provides a useful model for the study of mechan¬
isms involved in normal ovarian function.

Summary

Forty-five women have been treated through
222 cycles with human gonadotrophins, using
frequent measurement of urinary oestrogen and
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pregnanediol excretion to monitor ovarian
response. Fertility was associated with a well
defined pattern of oestrogen and pregnanediol
excretion and no viable pregnancy occurred in
the 112 cycles in which this pattern was not
achieved. The minimum effective dose of human

pituitary gonadotrophin was determined in the
first cycle by starting at a low daily dose and
increasing by a factor of no more than 1 -3 every
5 to 7 days until a satisfactory oestrogen response
was obtained. Use of factors greater than 1-3
could lead to over-responses. The range of total
pituitary gonadotrophin dose required for
different patients was 420-3,800 i.u. follicle
stimulating hormone with the greatest number of
patients (41 per cent) responding in the interval
1,000-1,700 i.u. A single dose of human
chorionic gonadotrophin was used for ovulation.
The minimum effective dose depended on the
individual and the state of maturity of the
follicle at the time. Maximum sensitivity to
chorionic gonadotrophin occurred when the
oestrogen values were rising slowly between
50-100 /xg. per 24 hours urine or had just begun
to fall. A dose of 3,000 i.u. chorionic gonadotro¬
phin was sufficient to induce ovulation under
these conditions in the majority of patients but
was often ineffective under less optimal condi¬
tions. All patients ovulated, 35 (78 per cent) have
already conceived, 8 of them twice (43 pregnan¬
cies). The long term pregnancy rate with continu¬
ing treatment was 90 per cent. Six abortions
occurred and, in four of these, correctable
abnormalities of steroid excretion were detected
during the conceptual cycle. Of the 27 mature
completed pregnancies, seven were multiple
(26 per cent) and of the two second trimester
abortions, one was multiple. Evidence is
presented that these multiple pregnancies resul¬
ted from the use of an ovulating dose of chorionic
gonadotrophin which was excessive in relation
to the degree of follicular maturation that had
been attained. Only one instance of adverse
hyperstimulation was encountered.
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SUMMARY

A procedure for extracting both gonadotropin and growth hormone from
acetone-dried pituitary powder in a form suitable for clinical use is described.
Gonadotropin is extracted first and fractionated by ethanolic precipitation;
growth hormone is then extracted from the residues by a modification of
Raben's procedure. The yields and potency of the products are given with
particular emphasis on their activities in man. The economy of the prepara¬
tion of gonadotrophin and growth hormone from human pituitaries is
discussed.

INTRODUCTION

The successful clinical use of human pituitary gonadotrophin (HPG) and growth
hormone (HGH) has stimulated interest in methods for preparing both hormones in
high yield from the same pituitaries in a form suitable for this purpose. A simple
procedure is described in which the HPG is extracted by a modification of the method
of Reisfeld, Lewis, Brink & Steelman (1962). HGH is obtained from the residues by
a modification of the method of Raben (1957).

METHOD

Human pituitary glands were collected in acetone without selection, homogenized
with excess fresh cold acetone, filtered, washed with acetone and ether and air-dried;
the resulting powder was stored at —20°. The yield of powder was approximately
10 g./90 pituitaries. At least 600 pituitaries were acetone-dried at one time to provide
a reasonably large and uniform batch of powder which was then processed in smaller
lots. This is particularly important with regard to HPG because the dosage require¬
ment of an individual may be critical and changes in batches during treatment should
be avoided.

Extraction of HPG. Pituitary powder (20 g.) was extracted with 0-3 M-acetate
buffer of pH 5-2 (500 ml.) by stirring for 4 hr. at 4°. After centrifugation, the residue
was extracted again with buffer (200 ml.) for 1 hr., and was then separated, and dried
rapidly by mixing with excess acetone. The extraction of HGH from the resulting



452 J. B. Brown, K. J. Catt and F. I. R. Martin
powder and from the two insoluble fractions, A and B obtained during the processing
of HPG, is described later.

All the following steps involving the use of ethanol were performed at — 20°, and
after the final ethanol precipitation sterile conditions were maintained. The aqueous
extracts containing the HPG were combined, cooled to near 0° and ethanol was
added with stirring to a concentration of 30 %; the precipitate, (A), was removed by
centrifugation. More ethanol was added to a concentration of 80%, and the whole
allowed to stand overnight. The HPG sedimented readily, and was collected by
centrifugation, and drained well of ethanol. The HPG was then dissolved in cold
sterile distilled water (100 ml.) and dialysed 1-|- hr. against three changes of distilled
water at 4°. The precipitate (B) which formed during dialysis was removed by centri¬
fugation, combined with precipitate (A) and dried with acetone. The clear super¬
natant containing the HPG was dispensed directly into 270 x 1 ml. ampoules and
freeze-dried. Thus each sealed ampoule contained the activity from 0-66 pituitary.
Other ampoules containing the equivalent of 0-5 and 1-0 pituitary were prepared to
provide units for a range of dosage requirements. No apparent loss of potency in man
has occurred during storage of lyophilized HPG at — 20° for a period of 18 months.

Extraction of HGH. The residues from the extraction of HPG were combined and
processed in batches of 25 or 50 g. by Raben's method with the following modifica¬
tions: after the initial extraction of the powder with hot glacial acetic acid and
acetone, the salt-acetone precipitation step was performed directly on the mixture,
without removal of the insoluble material. In the final step the precipitation of HGH
from 0-3 M-potassium acetate at pH 8-5 with ethanol was replaced by dialysis for
16 hr. against several changes of 0-01 M-ammonium bicarbonate. The dialysed
solution was then diluted with distilled water to a final protein concentration of
1 mg./ml. After sterilization by filtration through a sintered glass bacterial filter,
2-5 ml. volumes were freeze-dried in ampoules and sealed.

RESULTS

Both hormones prepared in this manner are immediately soluble in saline. The
products from approximately 3400 pituitaries have been administered i.m. to patients
and no toxic reaction or infection has been encountered.

The average yield of HPG was 4-8 mg./pituitary (range 4-0-5-7 mg.). By the mouse

augmentation test, 1 mg. contained 30-100 (mean 55) i.u. FSH (2nd I.R.P.) and by
the ovarian ascorbic acid depletion test, 1 mg. was equivalent to 230 ju,g. NIH-LH
ovine standard (S8). These activities represented approximately 75 and 44% of the
FSH and LH present in the original pituitary powder. The activity in women is of
interest. In this centre, the HPG has been used to treat 18 patients with primary or
secondary amenorrhoea who failed to ovulate after other forms of therapy (Townsend,
Brown, Johnstone, Adey, Evans & Taft, 1966). The total dosage required to mature
a follicle ready for ovulation with HCG was determined for each individual, and, in
terms of glands extracted, ranged from two to ten pituitaries (mean 5-5) in 16 sub¬
jects and 17 pituitaries in the other two subjects. Thus all the women responded;
14 have conceived during the treatment, three of them twice. HPG has also been used
in other centres (Liggins & Ibbertson, 1966). Such women provide a precise and per-
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haps the only relevant bioassay for measuring the activity of gonadotropin for this
purpose (Fig. 1). By this assay, 2-2 mg. HPG was equivalent to 1 ampoule Pergonal-
500, Lot 102 and 1-9 mg. to 1 ampoule Perganol-500, Lot 118. The preparation has
been given in doses of 12-17 mg. weekly for more than 10 months to six men with
impaired spermatogenesis. No changes in urinary 17-oxogenic steroid excretion and
no clinical signs of other pituitary hormone effects have been observed in any patient
treated.

Dose HPG (mg./day) (log. scale)
Fig. 1. Assay of Pergonal-500 Lot 102 against HPG in a woman with amenorrhoea and basal
oestrogen levels of 4-8 /ig./24 hr. Four separate treatments were given, each starting from the
basal state, the first with 2-5 mg. HPG/day (no response), the second with 3-3 mg./day, the third
with 5-0 mg./day and the fourth with 1-2 ampoules Pergonal/day. The increases in urinary
oestrogen levels after 5, 6 and 7 days of treatment with 3-3 and 5-0 mg. HPG/day are compared
with those produced by a total of 7, 9 and 11 ampoules of Pergonal given over the same time
periods. Relative potencies calculated from the dose-response curves for the three time-intervals
agreed closely, being 2-2, 2-1 and 2-2 mg. HPG = 1 ampoule Pergonal.

The method described gives a 4 % (w/w) yield of HGH from the pituitary powder,
compared with 4-4 % by the original Raben procedure. Thus the extraction of HPG
does not cause an appreciable loss of HGH. The replacement of Raben's ethanol
precipitation by dialysis and lyophilization gives a material of high solubility (up to
25 mg./ml.) in water or saline. This reduces losses during sterilization by filtration and
during injection. Gel filtration of the product on Sephadex G75 showed two small
peaks less retarded than the main HGH component. Radioimmunoassay against
Wilhelmi's HGH gave a potency of 1-5 unit/mg. or 60unit/g. pituitary powder. This
compares favourably with the yield reported for acetone-dried glands (Raben, 1957).

HGH in doses of 2-5-5 mg. three times weekly has been given to seven children with
hypopituitary dwarfism, with satisfactory growth responses. Effects of other pituitary
hormones have not been detected and daily doses of 10 mg. given to an hypopituitary
patient for 4 days produced no alteration in plasma Cortisol and PBI. The HGH has
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been used, after further purification by gel filtration, for the preparation of anti-HGH
serum and of radioactive-iodine labelled^hormone for radioimmunoassay (Catt,
Niall & Tregear, 1966).

DISCUSSION

The economy of using human pituitaries as a source of gonadotrophin for treating
infertility in women with amenorrhoea is not generally appreciated. Gemzell (1965)
stated that, on the average, the product from five pituitaries was required for one
ovulation and conception usually occurred after one to three ovulations. This has
also been our finding, and the whole project of treating the 18 women, including the
gaining of experience, the determination of the correct dosage for each woman and
persisting with treatment until pregnancy resulted, has, until now, involved the
expenditure of not more than 600 pituitaries and approximately 1 week's work to
process them. A preliminary account of the methods used for selecting and treating
the patients has been given (Townsend et al. 1966). In the method for preparing HPG
described here, sterility of the product has been achieved by the use of ethanol in the
fractionation process, and by the final centrifugation. Dialysis has been kept to a mini¬
mum and could probably be omitted. The activity of the product from different batches
of pituitaries has been sufficiently reproducible in human subjects so that previous
checking of the potency of each batch by bioassay in animals has been unnecessary.

Whereas the process has provided a relative abundance of gonadotrophin, much of
which has been used for other work, such as the treatment of men, the situation is not
as satisfactory for growth hormone, and the number of patients treated is still limited
by the local supply of glands, approximately 2000/year. The yield of HGH compares
satisfactorily with that of the original Raben (1957) procedure using acetone-dried
glands. Whereas the yield of gonadotrophin is the same whether frozen or acetone-
dried glands are used, the yield of growth hormone from frozen glands is generally
higher (Parlow, Wilhelmi & Reichert, 1965). Extraction methods utilizing frozen
glands are therefore being investigated.

This work was supported by grants from the National Health and Medical Research
Council, the Anti-Cancer Council of Australia and the Victor Hurley Research Fund,
Royal Melbourne Hospital. We thank the Commonwealth Serum Laboratories,
Melbourne, for ampouling the HGH, and Professor R. P. Shearman and Dr R. I. Cox
for assistance in the clinical comparisons of HPG with Pergonal.
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SUMMARY

The results of treatment of three oligospermic men for periods of up to
12 months with human pituitary gonadotrophin alone and in combination
with human chorionic gonadotrophin (Pregnyl) is described. The addition
of exogenous gonadotrophin resulted in a small but significant stimulation
of spermatogenesis which was confirmed by quantitative histological
assessment of testicular biopsy specimens taken before, during and after
treatment. The time taken for a response in the ejaculate appears to be
dependent on the initial histological appearance of the testis, in particular
the stage of germinal cell arrest.

Estimations of plasma testosterone and urinary oestrogen indicate
that testicular steroid biosynthesis is stimulated during treatment with
gonadotrophin.

INTRODUCTION

The discovery of methods for the extraction of follicle-stimulating hormone (FSH)
from human pituitary glands (HPG) (Brown, Catt & Martin, 1967) and human post¬
menopausal urine (HMG) (Donini, Puzzuoli & Montezemolo, 1964) has opened new
avenues for the treatment of infertility. Earlier attempts with animal gonadotrophins
and human chorionic gonadotrophin (HCG) were unsuccessful in the treatment of
both male and female infertility. Although both HPG and HMG have been used
extensively in the treatment of amenorrheic women (Gemzell, 1963), reports on the
treatment of infertile males are few.

Reports on the treatment of hypogonadotrophic hypogonadism with both pre¬
parations of HPG and HMG (Lytton & Kase, 1966; MacLeod, Panzianos & Ray,
1966; Johnsen, 1966) indicate their value in this condition. However, the investiga¬
tion of the effect of HPG extracts and HMG on oligospermic and azoospermic men is
incomplete. The recent studies by Polishuk, Palti & Laufer (1967) and Mroueh,
Lytton & Kase (1967) are the only attempts to subdivide cases of male infertility
according to testicular histology in order to assess the response to gonadotrophic
stimulation in each specific syndrome.
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To date, in no study of oligospermic and azospermic men undergoing prolonged
treatment with gonadotrophins has quantitative analysis of repeated testicular
biopsies together with a close study of endocrine parameters of testicular function,
namely the estimation of urinary oxosteroids, urinary oestrogens and plasma testo¬
sterone levels, been employed. In the present study, three infertile men have been
treated with HPG alone and in combination with HCG for periods of up to 12 months,
and endocrine and histological parameters were used to assess the results.

MATERIALS AND METHODS

Three infertile men, two oligospermic and one azoospermic, were the subject of
this study. Before the treatment was started these men were submitted to thorough
clinical examination, which included full blood tests, X-ray examination of the
sella turcica, and analysis of buccal smear and karyotype. Estimations of basal
urinary oestrogen (J. B. Brown, 1955), urinary oxosteroids (Norymberski, Stubbs &
West, 1953), total urinary gonadotrophins (Johnsen, 1958), urinary FSH (P. S. Brown,
1955) and interstitial cell-stimulating hormone (ICSH) (Maickel, 1960; Bell, Loraine,
Mukerji & Yisutakul, 1965), and plasma testosterone (Hudson, Coghlan, Dulmanis,
Wintour & Ekkel, 1963) were carried out at approximately the same time as the
initial testicular biopsy. Although the records of these patients showed longstanding
infertility based on numerous semen analyses, at least three semen analyses were
performed just before the onset of treatment. These and subsequent semen analyses,
on specimens obtained after at least 3 days abstinence, included notation of ejacu¬
late volume and number of spermatozoa, together with an assessment of their
motility and morphological appearance (Hotchkiss, 1944).

Taking into account that the normal cycle of maturation from spermatogonia to
spermatozoa is of the order of 70-74 days (Heller & Clermont, 1964), it was decided
that the initial therapeutic programme should continue for at least two complete
cycles, i.e. for approximately 140 days.

In view of the normal basal androgen levels, it was decided that the initial treat¬
ment should be with FSH in the form of HPG extracts. This material was prepared
by the method of Brown et al. (1967) and eacli mg. of powder was equivalent to
approximately 250-300 LH units (Second International Reference Preparation).
The dose of 4 mg. given i.m. thrice weekly, was equivalent to about 660 FSH units/
week, being approximately the dose required to stimulate follicular development in
women with ovulatory failure. This regime was employed for approximately 140 days,
and after testicular biopsy had been repeated, 1500 units HCG (Pregnyl, Organon)
was added twice weekly in an effort to improve spermatogenic function and to deter¬
mine if HCG had a direct effect on the seminiferous epithelium. After a further period
of 70-100 days, a third testicular biopsy was performed in order to assess histological
changes quantitatively.

During both phases of treatment, the testicular response was followed by semen
analysis, estimations of urinary oestrogens, and 17-oxosteroids together with plasma
testosterone estimations at intervals of approximately 3 weeks.

The specimens from each testicular biopsy were fixed in Bouin's fixative, de¬
hydrated and embedded in paraffin. Sections, stained with haematoxylin and eosin,
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were examined. In order to quantitate the effect of hormone therapy on the semini¬
ferous epithelium, the cell types present in tubules in each testicular biopsy were
counted. Only tubules cut in perfect cross-section were included. All the cell counts
were carried out by the same person, to decrease sampling errors.

Case histories

In all three patients there was: (1) no history of past or present organic disease;
(2) no abnormalities on physical examination (in particular testicular size and con¬
sistency were normal); (3) the chromosome complement of leucocytes was normal,
the karyotype being 44 XY in each patient; (4) all endocrine parameters measured
were in the normal range; the ratio of FSH: ICSH in urine was approximately 1:2 in
all three patients (Table 1); (5) attempts were made to study the testicular meiotic
chromosomes (Mcllree, Price, Courtbrown, Tulloch, Newsam & Maclean, 1966),
success being attained in Case II only, whose meiotic chromosomes appeared to be
normal.

Table 1. Urinary gonadotrophins before treatment
Urinary gonadotrophins

Follicle- Interstitial

stimulating cell-stimulating
hormone hormone

, * , ' Total'
Second I.R.P. (i.u./24 hr.) (mouse units/24 hr.)

Case I 20-48 37-03 25-30
1

Case II 7-09 17-98 20-25
Case III 5-44 14-4 10

Case I. This man, aged 27 years, a lawyer, had been the infertile partner in a
marriage of 6 years' duration. Three seminal analyses before treatment showed
a sperm count which varied between 680,000 and 1 million/ml., a motility of 20-30 %
and between 20 and 40 % abnormal forms.

Testicular biopsy before treatment showed germinal cell arrest at the primary
spermatocytic stage (PI. 1, fig. 1) and occasionally completely destroyed tubules which
appeared as hyalinized remnants. In some tubules there was evidence of early peri¬
tubular fibrosis. Some interstitial cells had a peripheral vacuolar appearance and
Reinke crystals were unusually plentiful.

Case II. This man, aged 31 years, a painter, had been married for 9 yr. and had
been recognized as suffering from severe oligospermia 5 yr. before onset of treatment.
During this period his sperm count varied from 1 to 3 million/ml. with a motility
between 2 and 10 %, the percentage of abnormal forms varying between 40 and 90 %.

Initial testicular biopsy showed tubules of normal diameter with germinal cell
arrest at the early spermatid stage (PI. 1, fig. 4). There was no increase in peritubular
fibrosis and the interstitial cells were normal.

Case III. This man, aged 32 years, an accountant, had been married for 9 yr.
Eight years before this period of treatment, he was shown to have oligospermia, the
count being 18 million/ml. with 50% abnormal forms. Five years later his count had
fallen to 470,000/ml. with 70 % abnormal forms and a high retroperitoneal ligation of
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his testicular veins was performed. Twelve months later his count was 4 million/ml.,
and the abnormal forms had decreased to 36 %.

In the 6 months before treatment with gonadotrophins, his sperm count had
fallen from 4 million/ml. to nil. Testicular biopsy before treatment showed tubules
of uniform diameter in which all stages of spermatogenesis were present. In a few
areas the cell population of the seminiferous epithelium appeared to be decreased
and cellular debris occupied the lumen of the tubules. No peritubular fibrosis was
present. The interstitial cells were normal in appearance (PI. 2, fig. 7).

HPG and HCG

Months on treatment

Text-fig. 1. Changes in the sperm count of three patients in relation to the length and type
of treatment. Case I (®. . . . case II (O O); case III ( x x ).

RESULTS

The changes in the sperm count with treatment are shown in Text-fig. 1. Variations
in the volume of the ejaculate and the motility of the spermatozoa, together with
changes in plasma testosterone, urinary oestrogens and urinary 17-oxosteroids levels
are set out in Table 2.

Changes in the appearance of the testicular biopsies are illustrated in Pis. 1 and 2
(figs. 1-9) and variations in the cell population per seminiferous tubule cross-section
are shown in Table 3. During treatment with HPG and HCG in combination, patient
I experienced a marked increase in libido and patient III developed bilateral
gynaecomastia.

Initial improvement was noted in the appearance of the testicular biopsy and in
the sperm count in all three patients during treatment with HPG only. However,
all showed a sudden fall in sperm production 130-150 days after the onset of treatment
with HPG.



Table2.Theresultsofestimationsofurinaryoestrogens,17-oxosteroids,\1-oxogenicsteroidsandplasmatestosteronetogether withthevolumeoftheejaculateandthemotilityofthespermproduced(means±s.d.) CaseICaseII

CaseIII

Pre- treatment level

Plasmatestosterone0-53 (/tg./100ml.) Urinaryoestrogen20-2 (/tg./24hr.) UrinaryI7-oxosteroids15-9 (mg./24hr.) Urinary17-oxogenic19-9 steroids(mg./24hr.) Volumeofejaculate(ml.): Mean2-2 Range1-8-2-4 Motilityofsperminejaculate(%): Mean Range

30 20-38

During treatment withHPG 0-73+0-22 22-4±6-6 16-5+3-8 13-8+5-5 2-4 1-2-3-4 25 11-36

During treatment withHPG andHCG 0-95+0-14 28-6±8-1 21-0±1-2 14-8+3-3 3-0 2-0-3-8 28 5-51

Pre- treatment level 0-59 10-5 12-2 16-3 5-1 3-8-7-0 23 2-44

During treatment withHPG 0-80±0-25 19-0±8-5 13-6+5-4 14-2+5-5 4-1 2-5-4-6 6

1-22

During treatment withHPG andHCG 0-85+0-12 33-4+4-4 17-1+0-2 15-4+1-24 3-1 1-6-5-3 13 1-28

Pre- treatment level 0-54 7-5 15-2 17-4 6-8 4-3-8-0

During treatment withHPG 0-75+0-25 13-2+4-3 14-7±3-0 8-4+4-6 5-8 3-7-8-4 21 4-36

During treatment withHPG andHCG 0-91±0-16 20-6±5-0 17-6+1-5 12-3+2-3 5-1 3-0-7-0
9
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The addition of 1500 units of HCG twice weekly after this profound fall had
occurred was of no avail in Cases I and II. In both patients the sperm count failed
to respond and the testicular biopsy 3 months after adding HCG showed gross
degenerative changes with some evidence of increased peritubular fibrosis and tubular
hyalinization. 'In patient III, HCG seemed to cause a further stimulation of
sperm production as manifested by the rise in sperm count and the improvement in
appearance seen in his third biopsy.

Table 3. Types of cell present per tubular cross-section in the
three biopsy specimens obtained from the three patients investigated.

Means based on counts of 50 tubules/biopsy specimen
Secondary

Biopsy
Sperma¬
togonia

Primary
sperma¬
tocytes

sperma¬
tocytes.

Early
spermatids

Late

spermatids
Sertoli
cells

Total

cells/
tubule

Tubular
diameter

W
Case I:

First 141 22-2 41 2-7 141 57-4 188-4
Second 20-6** 45-6** 13-5** 15-0** 19-9** 1141** 209-6
Third

Case II:
First

19-2 33-7** 5.4** 6-0** 21-7* 85-6** 189-2

20-0 29-8 20-6 6-3 16-7 97-3 195-6
Second 25-8** 47.4** 25-8* 191** 22-6** 143-2** 215-2*
Third 18-5** 24-6** 191* 7.7** 19-2** 89-2** 196-0*

Case III:
First 23-4 32-9 20-9 32-9 25-1 130-3 230-4
Second 25-7* 42-5** 41-5** 39-3 18-7** 167-7** 242-8
Third 29-0** 53-7** 42-6 28-7** 24-3** 178-3 245-2

Significance of differences between the first and second biopsies and the second and third biopsies
are indicated as **P < 0-001 and *P < 0 01.

No marked change in the motility of spermatozoa or the volume of ejaculate was
found during either phase of treatment (Table 2). Of the endocrine parameters
measured during treatment, 17-oxosteroid excretion showed the least change and
the urinary oestrogen output showed the greatest and most constant increase
(Table 2).

In all three patients, the testicular biopsies after both phases of treatment showed
interstitial cell stimulation. This was demonstrated at the light microscopic level by
an increased granularity of the cytoplasm in a number of interstitial cells. The cells
with this appearance were similar to the Class B cells of Tillinger, Birke, Franksson
& Plantin (1955) who related this appearance to increased steroid biosynthesis.
Further evidence of a stimulatory effect on the interstitial cells by both gonado-
trophic preparations was the ultrastructural demonstration of an increase in the
agranular endoplasmic reticulum, the organelle principally involved in steroid
biosynthesis (de Kretser, 1967).

DISCUSSION

From the results reported, there is no doubt that the human testis responds to
treatment with HPG. This was indicated by the rise in sperm production, together
with the changes in the levels of plasma testosterone and urinary oestrogens. Since



Response of oligospermia to gonadotrophins 113
the results of the preliminary clinical examination and endocrine investigations
excluded any obvious deficiency as the cause of oligospermia, the integrity of the
germinal epithelium in these patients must come under suspicion. Attempts to show
abnormalities of meiotic chromosomes as a cause of germinal cell damage were made
and in the one patient in which the studies were successful, this abnormality has
been excluded as an aetiological factor. Consequently it must be stressed that stimu¬
lation with gonadotrophin was obtained in patients suffering from germinal cell
damage of obscure aetiology. The stimulation of the seminiferous epithelium, as
judged by the rise in sperm count, was verified by the quantitative histological
studies undertaken, which showed stimulation of all germinal cell types in the semi¬
niferous epithelium. This stimulatory effect, on all the germinal cell types, produced
by a preparation containing FSH, is in agreement with the studies of MacLeod et al.
(1966) who showed similar changes with HMG.

From the relationship between the sperm counts and the results of the testicular
biopsies in Cases I and II, it seems that the time taken to produce a rise in the sperm
count in cases of germinal cell arrest is related to the specific stage at which the
arrest occurs. In Case I, in whom the arrest was at the primary spermatocyte level,
the period of treatment necessary to produce a response in the semen, was approxi¬
mately 85-96 days, while in Case II, in whom the arrest occurred at the early sperma¬
tid stage, the period of treatment necessary was only 55-65 days.

The time-interval taken for these stages to progress to spermiation was greater
than that seen in the normal seminiferous cycle (Heller & Clermont, 1964). This may
be indicative of an imbalance between FSH and ICSH in the preparation of HPG
used, or alternatively may be a reflection of an abnormal germinal epithelium. In
this regard, it would appear from the deterioration in the histological appearance of
the testis, after phase II of the treatment, that the dose used in this phase contained
too high a proportion of ICSH in the form of HCG. Whether this deterioration was
a direct effect of HCG or arose indirectly from the stimulation of steroid production
could not be determined. The protection of the testis from the effects of HCG by
HMG described by Mroueh et al. (1967) could not be confirmed.

The present results, when taken in conjunction with that of Case III, where 50-60
days elapsed before a response was observed, indicate that the therapeutic regime
should be employed for at least 100 days. This time interval, equal to approximately
one and a half times the duration of the normal seminiferous cycle, should elapse
before an appropriate evaluation of this form of therapy can be made.

The fall in the sperm count between 130 and 150 days found in all three patients,
is difficult to explain. It leads to the consideration that antibodies to the preparation
used may have developed. This suggestion is contrary to the view expressed by
Johnsen (1966) who used HMG and may indicate that the human pituitary prepara¬
tion contains antigens other than those in HMG.

The fairly normal histological appearance of testicular biopsy specimens in the
presence of azoospermia in Case III would have suggested an obstruction to his duct
system, were it not for the demonstration of spermatozoa in the patient's ejaculate
several months before the beginning of this study. The improvement in the azoo¬
spermia with treatment, clearly indicates that diagnosis of obstruction to the duct
system by the finding of azoospermia and a normal testicular biopsy may be mis-

8 Endoc. 40, 1
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leading and the only conclusive investigation in such cases would be the radiological
demonstration of obstruction.

The improvement in the sperm count with treatment in Case III, suggests that
gonadotrophins may directly or indirectly, by way of their action on the interstitial
cells, influence the exfoliation of spermatozoa from the seminiferous epithelium or
their transport through the male excretory duct system. The greater improvement
produced by adding HCG in this patient suggests that ICSH may exert a greater
influence than FSH on this facet of testicular function. This view would be consistent
with the recent ultrastructural demonstration by Burgos & Vitale-Calpe (1967) that
in the toad, ICSH causes exfoliation of spermatozoa from the Sertoli cell. In this con¬
text, it would appear from the cell counts that with the exception of one instance,
the Sertoli cells were increased in numbers by gonadotrophic stimulation. Similar
findings were obtained by Johnsen (1966).

The changes in the levels of urinary oestrogens and plasma testosterone observed
during both phases of treatment indicate that preparations of both HPG and HCG
stimulate the biosynthesis of testicular steroids. In this context it is of interest to
note that the ratio of urinary FSH: ICSH of all these patients before treatment was
approximately 1:2; a ratio differing from that reported by Becker & Albert (1965)
of 1-3:1.

From the investigation presented it appears that the addition of exogenous gonado¬
tropin to that normally present in individuals with severe oligospermia can result
in a small, but significant, stimulation of sperm production. Further studies employ¬
ing endocrine and histological parameters are necessary to judge the usefulness of
treatment with gonadotrophin in cases of male infertility since the response, the
time taken for the response, and the necessary dosage, vary with the histological
appearance of the testis.

The authors wish to thank Dr J. W. Johnstone and Dr A. Long for performing
the testicular biopsies on these patients. The technical assistance of Miss I. Ekkel
and Mr T. Mecziems is gratefully acknowledged. This study would not have been
possible without the co-operation of the three patients involved. The help of Mrs
A. Mirovics is gratefully acknowledged and one of us (B. H.) was supported by a
grant from the National Health and Medical Research Council.
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DESCRIPTION OF PLATES

Plate 1

Staining: Haematoxylin and eosin; magnification: x 250
Fig. 1. Typical tubule from the testicular biopsy of Case I taken before treatment. It shows depopulation
of the tubule and arrest at the primary spermatocyte stage.
Fig. 2. Tubules in the biopsy specimen of Case I after treatment with HPG show an increase in the number
of late spermatids.
Fig. 3. Third biopsy specimen of Case I after combined HPG and HCG treatment. Essentially the same
cell population as shown in Text-fig. 1.
Fig. 4. The biopsy specimen of Case II before treatment shows arrest of the early spermatid stage.
Fig. 5. Increased numbers of spermatids late in spermiogenesis are seen in the biopsy specimen of Case II
after HPG therapy.
Fig. 6. The tubules in the third biopsy specimen of Case II after combined HPG and HCG therapy show
a return to virtually the pretreatment appearance.

Plate 2

Fig. 7. Biopsy specimen of Case III before treatment. All types of germinal cells are present.
Fig. 8. The biopsy specimen of Case III after treatment with HPG shows an overall increase in the cell
population of the tubule.
Fig. 9. Biopsy of Case III after combined HCG and HPG therapy. There is essentially no change from
the appearance in fig. 8.
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Opinion is still divided on the proper treatment
of normal ovaries at hysterectomy in pre¬
menopausal women. There is now clear evidence
that ovarian hormonal function before the
menopause protects against the onset of osteo¬
porosis and cardiovascular disease for many
years later and therefore preservation of ovarian
function up to the age of the natural menopause
is highly desirable (Osier, 1898; Levy and Boas,
1936; Albright, Smith and Richardson, 1941;
Griffith, 1956; Oliver and Boyd, 1959; Robinson,
Higano and Cohen, 1959; Henneman, 1964;
Randall et al., 1964; Nordin, MacGregor and
Smith, 1966). On the other hand, many gynae¬
cologists have advocated the removal of normal
ovaries at hysterectomy as a prophylaxis against
the subsequent development of ovarian path¬
ology, particularly of ovarian cancer for which
there is no method for early detection and the
chances of eradication are slight (Pemberton,
1940; Speert, 1949; Fagan, Allen and Klawans,
1956; Grogan, 1967).

When considering the arguments for and
against conservation, precise information is still
lacking on the duration and quality of ovarian
function to be expected after hysterectomy. It
was once thought that residual endometrium was
necessary for ovarian function to continue, and
in the ewe the presence of a uterus is essential for
ovarian function. In Macacus rhesus and irus
monkeys normal ovarian function continues
after hysterectomy (Burford and Diddle, 1936;

TeLinde and Wharton, 1960). In women, normal
ovarian function has been recorded in the
congenital absence of the uterus (Brown, Kellar
and Matthew, 1959), and structures consistent
with continuing function have been observed in
conserved ovaries when examined several years
after hysterectomy (Grogan, 1958, 1967). While
there is thus no doubt that ovarian function can

continue after hysterectomy, there is no agree¬
ment on the incidence of ovarian failure, and
whether the ovarian function, when it continues,
is completely normal and lasts until the expected
time of the menopause. Using the development
of menopausal symptoms as a guide, Sessums
and Murphy (1932) investigated 91 women who
had been treated by hysterectomy before the
age of 36 years. They concluded that the
incidence of ovarian failure before the age of 40
years was 32 per cent after total conservation of
the ovaries and 52 per cent after partial conserva¬
tion, compared with 6 per cent in women without
hysterectomy. Richards (1951) found that hot
flushes developed within two years of operation
in 27 per cent of women treated before 45 years
of age by total conservation of the ovaries and
in 52 per cent treated by partial conservation.
Using vaginal cytology as the index, Bancroft-
Livingston (1954) found continuing ovarian
function for up to three years after operation in
95 per cent of patients treated by hysterectomy
before the age of 45 years, and in 59 per cent of
such patients more than five years after opera-
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tion. There are many reports which show that
both these indices are subject to considerable
error. For example, de Neef and Hollenbeck
(1966) found that only 50 per cent of pre¬
menopausal women subjected to bilateral
oophorectomy experienced menopausal symp¬
toms, and that one-third of vaginal smears taken
from women with menopausal symptoms showed
excellent oestrogenic effects. Many studies have
been reported which show that up to 50 per cent
of women may show a vaginal cytology pattern
consistent with ovarian oestrogen production
long after the menopause (Struthers, 1956;
Randall, Birtch and Harkins, 1957; Robinson,
Higano and Cohen, 1959; and Meisels, 1966).
Procope-(1968) found that, although there is a
general group correlation between vaginal
cytology and urinary oestrogen excretion in
postmenopausal women, of 15 postmenopausal
women with low oestrogen excretion normal for
their age, 7 individuals had vaginal cytology
patterns which indicated oestrogenic stimula¬
tion. This finding has also been our experience.
Whitelaw (1958), using basal temperature charts
in conjunction with measurement of urinary
pregnanediol, demonstrated ovulation in 9 of 24
women previously treated by hysterectomy with
conservation of the ovaries. These tests, how¬
ever, would not detect anovulatory ovarian
activity which is considered to be more common

^ar the menopause.
"ause of these uncertainties, we have re-

inve. 'ed ovarian function after hysterectomy
with en. <*fal or partial conservation of the
ovaries in a

0 i of 69 patients aged between
25 and 48 yeai^ A the time of operation.
Ovarian function has been monitored by serial
oestrogen and pregnanediol analyses performed
over periods of up to 2\ years which have span¬
ned the interval of 6 months to 13 years after
hysterectomy. Besides providing reliable infor¬
mation about the quality and duration of
ovarian function after hysterectomy, this is the
largest such study yet reported on a population
of women nearing the menopause.

Investigation
Patients

The women comprising this study were, with
one exception (patient 1), patients who had been
Heated by hysterectomy at the Alfred Hospital.

All had continuing ovarian function up to the
time of hysterectomy. The youngest at operation
was 25 years of age and the oldest was 48 years.
Letters were sent to all possible contributors
within the state of Victoria, approximately half
were contacted and only seven of these dedined
to proceed with the investigation.

Hysterectomy was performed because of
abnormal uterine bleeding in 57 patients'
uterine enlargement was slight in 34 of these ant
considerable in 23. Other indications indude
pelvic pain associated with detectable pathology
(patients 9, 12, 30 and 67), pre-invasive cervical
cancer (patients 1, 4 and 15), early invasive
cervical cancer (patients 8 and 26) and uterine
rupture during attempted manual removal of a
placenta accreta (patient 3).

Surgery . _

Total abdominal hysterectomy was performed
on all patients except two (patients 33 and 37),
on whom vaginal hysterectomy and repair was
carried out. In 48 patients the ovaries were
undisturbed both before and during hysterec¬
tomy ("total conservation", Fig. 7). Less than
the normal amount of ovarian tissue remained
after hysterectomy in 21 patients ("partial
conservation", Fig. 8), but the exact amount
varied considerably. In one of these an ovarian
cyst had been resected previously (patient 35),
and in two salpingo-oophorectomy had been
performed 19 and 20 years before hysterectomy
(patients 42 and 25), areas of endometriosis
being resected at hysterectomy from the remain¬
ing ovary in one of these (patient 42). In two, one
ovary was removed and part of the other
resected (patients 20 and 41). One ovary was
removed for obvious pathology (patient 28). In
three, oophorectomy was necessary because of
adhesions following previous salpingectomy
(patient 19) or old pelvic inflammation (patients
9 and 12). In three, suspected pathology was not
confirmed (patients 21, 49 and 67), and a normal
ovary was removed according to conventional
practice in nine (patients 24, 36, 54, 56, 57, 58,
59, 60 and 65). One undisturbed apparently
normal ovary remained at operation in 16 of these
patients.

Collection of Urine
Complete 24-hour specimens of urine were
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collected at weekly intervals for 4 to 6 weeks.
The 4 to 6 collections were repeated at intervals
for up to 2J years. The specimens were delivered
to the laboratory either directly or by rail, the
only preservative being refrigeration where
possible.

Urinary Oestrogens
"Total" urinary oestrogens were measured by

the rapid method of Brown et al. (1968a).
Approximately half of the specimens were also
analyzed for oestriol, oestrone and oestradiol by
the method of Brown (1955), as modified by
Brown et al. (1968b), and the series provided the
majority of comparisons which established the
validity of the rapid method (Brown et al.,
1968a).

Urinary Pregnanediol
Pregnanediol was measured by gas-liquid

chromatography on Gas Chrom Q coated with
0-5 per cent neopentylglycol adipate polyester
(Applied Science Laboratories) as described by
Cox (1963, 1967). The urines were hydrolyzed
under a layer of toluene and processed in a
semi-automatic extractor. Portions of the crude
neutral fractions, without derivative formation
but with added progesterone as marker, were
applied to the columns using the solid injection

Fig. 1

Patient 51, at age 52 years, 10 years after hysterectomy,
showing a normal ovulatory pattern.

system of Menini and Norymberski (1965). The
overall recovery of pregnanediol from urine was
72 ±3 per cent (mean±standard deviation)
(Barrett, 1968).

Results

Interpretation of Results
The weekly oestrogen and pregnanediol

values were plotted against the ranges of values
found throughout the menstrual cycles of 13
normally menstruating women (ages ranging
from 19 to 49 years). Two such normal profiles,
one following the other, were required because
of the absence of menstruation as a marker for
timing the urine specimens. The scheme is
illustrated by Figures 1 to 6. The results were
classified as follows:

(1) Normal ovarian function with ovulation.
These cycles are illustrated by Figures 1 and 2
and are designated D in Figures 7 and 8. At
least one pregnanediol value above 2 mg. per
24 hours or two consecutive values between
1-2 and 2-0 mg. were associated with
considerably lower follicular phase levels of
pregnanediol and fluctuating oestrogen values
consistent with the interpretations based on
the pregnanediol values. In the 99 such cycles
no oestrogen value was found which exceeded

Fig. 2

Patient 61, at age 50 years, 7 years after hysterectomy.
The results include the end of one cycle and a complete

cycle which has a normal ovulatory pattern.
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Fig. 3

Patient 51, at age 53 years, 11 years after hysterectomy,
now showing an anovulatory pattern. The earlier pattern

had been ovulatory (Fig. 1).

the upper range for the normal cycle (100 /ag.
per 24 hours) but four cycles in three patients
were encountered in which the oestrogen
values in general fitted below the normal
range; although definitely ovulatory accor¬
ding to the pregnanediol values, these cycles
have been designated D in Figures 7 and 8.

Fig. 4

Patient 69. at age 52 years, 4 years after hysterectomy
showing an anovulatory pattern.

Fig. 5

Patient 24, at age 45 years, 7 years after hysterectomy,
showing an anovulatory pattern with marginal oestro-

genic activity.

(2) Anovulatory cycles. These are illustrated by
Figures 3 and 4 and are designated © in
Figures 7 and 8. Pregnanediol values were
consistently low (usually less than 0-5 mg.
per 24 hours) and did not show the pattern
described above for ovulation. Oestrogen

Fig. 6

Patient 58, at age 45 years, 2 J years after hysterectomy
showing an inactive pattern. Three preceding investiga¬

tions had shown anovulatory cycles.
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levels showed cyclical fluctuations with
maximum values exceeding 25 ^g. per 24
hours. In five such cycles (three patients) the
maximum oestrogen values exceeded 100 /ug.
per 24 hours.

(3) Marginal ovarian activity. These cycles are
illustrated by Figure 5 and are designated ^
in Figures 7 and 8. Pregnanediol values were
consistently low as in the anovulatory cycles
but the oestrogen levels showed minor
fluctuations with maximum values within the
range 16 to 25 /xg. per 24 hours.

(4) No detectable ovarian activity. This pattern
is illustrated by Figure 6 and is designated O

in Figures 7 and 8. All the oestrogen values
were less than 15 fxg. per 24 hours urine and
the majority (94 per cent) were less than 10 ^g.
per 24 hours. Likewise, the pregnanediol
values were all less than 1 • 2 mg. per 24 hours
and the majority (97 per cent) were less than
0-5 mg. per 24 hours.

The assessments of ovarian activity after total
conservation of the ovaries are shown in Figure 7
and after partial conservation in Figure 8, and
also in Table I.

Errors in assigning the correct assessment
were possible in 12 of the 166 cycles studied. In
ten of these, all the pregnanediol values were at
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Fig. 7
Classification of ovarian function in 48 patients with total conservation of ovarian tissue. Patient numbers are shown
together with the age at which hysterectomy was performed and the number of years after hysterectomy that the
assessment was made. Each symbol represents a tracking period of 4-6 weeks. D ovulatory pattern, • anovulatory
pattern, «>■ marginal pattern, O inactive pattern (see text). Lines A-A and B-B represent 45 and 50 years of age.
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r-r At 1 1 1 1 1 1 1 1

34 35 37 38 39 40 41 43 43 44 43

Years of Age at time of Hysterectomy.

Fig. 8

Classification of ovarian function in 21 patients with partial conservation
of ovarian tissue. For explanation see legend Fig. 7.

Table I

Classification of ovarian cycles studied after hysterectomy

Number of cycles

Ovulatory Anovulatory Marginal Inactive Total

Total conservation (48 patients) .... 86 21 '3 8 118
Partial conservation (21 patients) .... 13 22 6 7 48

Total (69 patients) ........ 99 43 9 15 166
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follicular phase levels and the oestrogen values,
which were low initially, were rising in the last
one or two specimens; this pattern could have
been due to a prolonged follicular phase and
ovulation and corpus luteum formation might
have been demonstrated if the collections had
been continued for a longer period of time.
However, if these had been ovulatory cycles
their duration would have been greater than five
weeks which is generally considered to be
abnormal. In the other two doubtful cycles, the
pregnanediol and oestrogen values showed
fluctations resembling the pattern of the ovula¬
tory cycle but two consecutive pregnanediol
values did not exceed the figure of 1 - 2 mg. per
24 hours which is considered here to be necessary
to establish ovulation. Although all these 12
cycles have been classified as anovulatory,
comparison with the other cycles studied in the
same patients indicated that approximately half
were possibly ovulatory.

Estimates of the dates of ovulation and the
duration of the ovulatory cycles could be made
from the weekly pregnanediol and oestrogen
values. Of the 99 ovulatory cycles studied, the
hormone patterns in 94 were compatible with
cycle lengths of approximately 28 days, whereas
in 3 cycles (2 patients) the patterns were compat¬
ible with cycle lengths of 21-26 days and in 2
cycles (1 patient) they were compatible with
cycle lengths of over 30 days.

Discussion

The present study provides incontrovertible
evidence that in the majority of women subjected
to hysterectomy during their reproductive life,
the ovaries if conserved continue to function
completely normally. Of the 48 patients with
total conservation of the ovaries, 36 (75 per cent)
were ovulating regularly with normal lengths of
cycles 1 to 13 years after hysterectomy, 5(10 per
cent) were showing regular anovulatory patterns
and only 7 (15 per cent) were completely in¬
active when studied. Strictly comparable infor¬
mation is not yet available on ovarian function
in a normal population of women nearing the
menopause. However, reports of the age inci¬
dence of the menopause for New Zealand women
shows that the mean incidence (with ranges) is
4 per cent (1 -10 per cent) between 45 and 46 years

of age, 8 per cent (2-20 per cent) between 46
and 47, 15 per cent (5-30 per cent) between
47 and 48, 25 per cent (9-40 per cent) between
48 and 49 and 35 per cent (17-50 per cent)
between 49 and 50 (Burch and Gunz, 1967). In
the present study (Fig. 7) the incidence of women
showing no ovarian function during these age
intervals was 8, 12, 15, 21 and 23 per cent
respectively, figures which fall well within the
ranges for the normal population. On the other
hand, reliable figures for the normal incidence of
anovulatory cycles in this age group are not
available. However, it is generally considered
that anovulatory cycles become more common
before the menopause and an incidence of 21
anovulatory cycles out of a total of 118 (18 per
cent), as found in the present study, is likely also
to apply to the normal population. Therefore, it
can be concluded that in these patients, ovarian
function continues completely normally for its
expected life span. The finding of a high propor¬
tion of ovulatory cycles in many women previ¬
ously treated by hysterectomy for abnormal
uterine bleeding Complements the earlier demon¬
stration of abnormal bleeding associated with
both ovulatory and anovulatory cycles in the
same patient (Brown, Kellar and Matthew,
1959), and indicates that factors other than that
of abnormal hormonal stimulus, such as
vascular anomalies, are important in this
condition.

Of the 21 patients in whom the ovaries were
partially conserved, the incidence of abnormal
ovarian function was much greater. Ovulatory
cycles were recorded in only 8 of these, 10 were
having persistent anovulatory cycles which
progressed during the study to ovarian failure in
3, and 3 were inactive when first assessed. The
incidence of normal ovulatory function in this
group was only 27 per cent compared with 73
per cent for those with total conservation, a
difference which was highly significant
(P<0-001). This difference applied also to the 16
patients with one normal undisturbed ovary
remaining and was due mainly to an increase in
the incidence of anovulatory cycles but the
incidence of inactivity was also more than
doubled in the group with partial conservation.
It is apparent that one residual normal ovary
assumes sole function less effectively in older
than in younger women, in whom ovulatory
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function can continue for 25 years (patient 25)
and compensatory hypertrophy can also occur to
such an extent that the ovary may appear to be
abnormal (Israel, 1960).

It was hoped that the study in some patients
would provide basic information concerning the
transition from normal ovarian activity through
to inactivity at the menopause. This transition
was observed in only three patients (nos. 9, 58
and 65). The assessment in all three of these
showed anovulatory cycles preceding the in¬
active cycle and two passed through the stage of
marginal activity. In these three patients, the
ovaries had been partially conserved and con¬
tinuing studies will be required in the other
patients before a general pattern covering
ovarianTailure is established.

The other ten cases of ovarian failure were

encountered during the first cycle to be studied
and could therefore have occurred much earlier.
Although the age incidence of the menopause
was the same in the present series as for the
normal population, it is important to assess if
possible the number of patients in whom onset
of ovarian failure was accelerated by hysterec¬
tomy. Two women (patients 21 and 56) had one
ovary removed at operation and one (patient 41)
had one ovary removed and part of the other
resected; two of these three women (patients 21
and 41) reported hot flushes when aged 44, seven
and four years respectively after operation. Of
those with total conservation of the ovaries
(patients 17, 32, 38, 40, 46, 53 and 55), patient 46
was too disturbed for any provisional assessment
to be possible and patient 17 did not complain
of flushes until nearly 44 years of age. Patient 40
was 49 years old when first investigated and
patient 38 developed thyrotoxicosis and experi¬
enced menopausal symptoms at 45 years of age.
In three patients (patients 32, 53 and 55) the
operation might have jeopardized the ovarian
blood supply; in one of these (patient 32)
salpingectomy had been performed at hysterec¬
tomy, and in the other two, uteri enlarged with
myomata could have created difficulties at
operation. It can therefore be concluded that
ovarian failure as a direct result of the operation
is not common.

The possibility that benign ovarian pathology
may develop after hysterectomy has been used
as an argument against conservation (Hendry,

1936; Grogan, 1958, 1967). In the present
series, all the surgeons regarded ovaries which
were involved in chronic pelvic inflammatory
disease as being abnormal because of peri¬
oophoritis and ovarian fibrosis, unless the
degree of involvement was minimal as in
patients 9 and 12. Conservation of ovaries of
this type may have been responsible for some of
the instances of painful cystic ovaries that have
been reported. During the initial accumulation
of the series, no patient required exclusion
because of oophorectomy following hysterec¬
tomy. Three patients developed dysfunctional
cysts during the period of study; in one the cyst
was resected 19 months after hysterectomy and
ovarian function continued (patient 29), in
another an oophorectomy was performed 18
months after hysterectomy (patient 6), and in the
third one ovary was removed at hysterectomy
because of a large painful dysfunctional cyst,
and the other ovary was removed 13 months
later for the same reason (patient 28). This was
the only patient who reached a total oophorec¬
tomy and thus supported Grogan's view that
menorrhagia indicates the presence of abnormal
ovaries which should therefore be removed
(Grogan, 1958, 1967). The incidence of ovarian
cysts which developed after hysterectomy was
4-3 per cent. This agrees with the incidence
reported by other workers; for example, in a
series of 207 patients, de Neef and Hollenbeck
(1966) reported a figure of 3 - 4 per cent. The risk
of subsequent ovarian cancer has been defined
by epidemiological studies which have shown
that prophylactic bilateral oophorectomy of
approximately 100 normally ovulating women
would be required to save one from ovarian
cancer and that the risk actually decreases with
age, being less at 50 years than at 45 years
(Randall and Gerhardt, 1954; Randall, 1964).

The interest of the patients in their continuing
ovarian function was a striking feature of the
investigation and accounted largely for their
great willingness to co-operate. The presence of
uterine bleeding is an obvious indication of
femininity before the menopause, and its emotion¬
al significance may be more important at a deep
instinctive level than is superficially evident
(Kroger, 1957; Drellich and Bieber, 1958;
Hollender, 1960). This is reflected by the
significantly higher rate of frank psychiatric
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referrals after hysterectomy than after compar¬
able abdominal surgery not involving the genital
tract, although this rate did not vary with
ovarian conservation (Barker, 1968). While less
severe degrees of unhappiness and depression
also occur (Nixon, 1960), discussions have
shown that modern women already know or can
easily understand that ovarian hormone pro¬
duction is an important component of femininity,
and can comprehend that it continues after
hysterectomy with ovarian conservation. Deli¬
berate explanation to patients who are reluctant
to discuss their fears spontaneously can relieve
apprehension about future physical and hor¬
monal well-being and such an explanation,
properly based upon the results of this investiga¬
tion, should be a planned part of the manage¬
ment of the patient.

This investigation shows that two residual
ovaries function more normally than one in the
older woman and therefore both should be
conserved whenever possible. Conservation may
be technically difficult when the uterus is
enlarged and distorted and the uterine attach¬
ments of the round ligament, the ovarian
ligament, and the tube with its underlying
vascular pedicle are separated. Careful ligation
of each attachment separately, together with
intervening blood vessels if necessary, can
succeed in conserving the ovary if the surgeon is
prepared to devote enough time and care to the
task. Such conservation may not be thought
worthwhile particularly in patients past 45 years
of age and indeed, most authorities recommend
oophorectomy after this age (Howkins, 1968).
However, as a result of this investigation there
is now a strong argument for practising total
conservation of functioning ovaries in older
women, up to the age of at least 50 years when
they reach the median age for the menopause
(Burch and Gunz, 1967).

Considering the evidence for the importance
of ovarian function up to the natural time of the
menopause, the fact that normal ovarian tissue
conserved at hysterectomy continues to function
normally, and the limited significance of argu¬
ments against conservation, greater emphasis
can now be placed on Bonney's statement made
in 1937 that "except in cases of malignant
disease, I hold it to be the clear duty of a surgeon
to preserve the feminine sex glands intact, or, if

this is impossible, at least to leave in her body
the full amount of undiseased ovarian tissue that
she possesses".

Summary

Ovarian function has been studied in 69
patients subjected to hysterectomy between the
ages of 25 and 48 years. Total conservation of
the ovaries was practised in 48 patients and
partial conservation in 21, the operations being
performed under the routine conditions of a
general hospital. Ovarian function was monitor¬
ed for periods of 4 to 6 weeks at intervals for up
to 2| years by weekly urinary oestrogen and
pregnanediol measurements. In the group with
total conservation of the ovaries, ovarian func¬
tion continued completely normally up to the
expected time of the menopause; the incidence
of ovulatory cycles was 73 per cent, of anovula¬
tory cycles 20 per cent, and of inactive cycles
7 per cent. Of the 99 ovulatory cycles studied in
this group, 94 had a length of approximately 28
days, 3 were noticeably shorter than this, and 2
were longer. The age incidence of the patients
with inactive function was the same as that for a

population of normal women of the same age.
In the group with partial conservation, the
incidence of anovulatory ovarian function was
considerably higher; this was ascribed to the
removal of ovarian tissue. The finding that
ovaries which are functioning normally before
hysterectomy continue to function completely
normally after hysterectomy, adds considerable
weight to the arguments that whenever possible,
such ovaries should be totally conserved during
the operation.
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URINARY EXCRETION OF CESTROGENS

DURING PREGNANCY, LACTATION, AND
THE RE-ESTABLISHMENT OF

MENSTRUATION

J. B. Brown
M.Sc. N.Z., Ph.D. Edin.

From the Clinical Endocrinology Research Unit (Medical
Research Council), University of Edinburgh,

Few reliable figures are available for the urinary
excretion of cestriol, cestrone, and cestradiol-17[3 during
pregnancy and lactation. Most of the published figures
for early pregnancy and lactation were for total cestrogens,
and many were obtained by semi-quantitative bio-assay
methods (Pedersen-Bjergaard and Pedersen-Bjergaard
1948, Venning 1948, Jayle and Crepy 1952). Cohen,
Marrian, and Watson (1935), using colorimetry, were the
first to determine the urinary excretion of cestrogens
during the last 6 months of pregnancy : they showed that
cestriol is quantitatively the most important urinary
oestrogen during pregnancy, and that the amounts
excreted rise from approximately 1 mg. per day at 3
months (the smallest amount they could measure
accurately) to 20 mg. or more per day at 9 months. Later
workers (Venning 1948, Clayton and Marrian 1950,
Bradshaw and Jessop 1953) confirmed these findings and
provided more information about the type and amounts
of cestrogens excreted immediately preceding labour and
delivery.

Recently a convenient, accurate, and apparently
specific chemical method * for separately estimating
oestriol, cestrone, and cestradiol-17(3 in human urine has
been developed (Brown 1955a).

Material

Using this method, a study has been made of the daily
urinary cestrogen excretion of a woman from before the
beginning of a normal pregnancy, up to delivery, and
then during the puerperium, lactation, and the recom¬
mencement of normal menstruation. The subject of this
complete study was a woman (subject 8) who had already
contributed urine for cestrogen determination throughout
a menstrual cycle (Brown 1955b). A similar but less
complete record from another woman previously studied
(subject 7) is also included, together with the results
obtained from two other women who were studied from

* The two oestrogens 16-epi-oestriol and the keto-cestrogen
recently found in human pregnancy urine (Marrian
and Bauld 1955, Watson and Marrian 1955), are not
determined by this method nor do they interfere with the
results.
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the 16th weeks of their pregnancies until the onset of
labour.

In all cases, the previous and present pregnancies were
uncomplicated. Deliveries were spontaneous except in
subject 10 for whom forceps were required. Lactation
was established in all cases.

Subject 7, aged 33 ; para-2 (2 and 6 years ago). Delivery
276 days after last menstrual period (l.m.p.). Baby's
birth-weight 8 lb. 12 oz. (male).

Subject 8, aged 28 ; para-2 (2 and 3 years ago). Delivery
286 days after l.m.p. Baby's birth-weight 8 lb. 31/4oz.
(male). Placental weight 1 lb. 11 oz.

Subject 9, aged 27 ; para-1 (2 years ago). Delivery 289
days after l.m.p. Baby's birth-weight 8 lb. 15 oz. (female).
Placental weight 1 lb. 15 oz.

Subject 10, aged 29 ; para-0. Delivery 287 days after
l.m.p. Baby's birth-weight 9 lb. 374 oz. (male).
Placental weight 1 lb. 12 oz.

Method

Complete 24-hour urine specimens were collected daily
from subject 8 and approximately weekly from the
others, until 2 weeks before the probable date of delivery,
when daily collections were started. Subject 8 also
collected all her urine during labour and delivery,
12-hourly for the next 4 days, and then daily until normal
menstrual cycles were established.

The amounts of cestriol, cestrone, and oestradiol-17(5
in each specimen were determined by the method
described by Brown (1955a), modified, as follows, for
urines containing larger amounts of cestrogens than could
be satisfactorily measured by the original method.

The 24-hour urine volumes were diluted to 2500 ml. with
water ; according to the stage of pregnancy, 200, 100, 50, 20,
or 10 ml. portions of this were used for each determination,
and complete specimens of the oestriol fraction, or aliquots
°f V2. 1 /5, or 1/20 were taken for colour development so that
the final oestriol, cestrone, and cestradiol-17[5 colours were
within the convenient range for eolorimotry. Specimens of
urine of less than 100 ml. were diluted to 100 ml. with water
before acid hydrolysis, and half the volumes of hydrochloric
acid, ether, and carbonate solutions recommended in the
original method were used. After the evaporation stage, the
original procedure was unaltered ; but if necessary, portions
of the cestriol eiuates from the chromatogram columns were
taken for colour development.

The loss of oestrogens during acid hydrolysis (Brown 1955a)
is less evident when the urine is dilute than when it is con¬

centrated, and is negligible in late pregnancy when the urine
is diluted five times or more before hydrolysis. To show that
the method used in this investigation is reliable at the
oestrogen levels encountered in late pregnancy, recovery
experiments were performed in which 200 gg. of oestriol,
20 pg. of mstrone, and 10 fxg. of (Estradiol-17(3 were added to
10 ml. of male urine diluted to 100 ml. with water before acid
hydrolysis : these amounts are equivalent to daily excretions
of 50 mg. of oestriol, 5 mg. of cestrone, and 2-5 mg. of oestradiol-
17(5. In twelve such experiments, the mean percentage
recoveries with their standard deviations were oestriol,
81 ±3; cestrone, 83±l-4; and (Estradiol, 81±4—which are
within the ranges claimed for the method.
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Results

The results obtained from subjects 7 and 8 over a
period which includes a complete menstrual cycle and the
cycle in which pregnancy started are shown in figs. 1 and 2.
In both women the urinary oestrogen levels were very
similar in the two cycles up to about the 24th days—
showing the ovulation peaks and the subsequent luteal
rise. In the first cycle the oestrogen levels then decreased
before the onset of menstruation ; but in the second
cycle, when pregnancy had occurred, they continued to
increase, and they began to increase rapidly about 7
weeks after the last menstrual period. Subject 7 had
nausea at this time.

The results from the four subjects throughout their
pregnancies are shown in fig. 3 on a logarithmic scale.
Those for subject 8 are also shown for a week after
delivery. There was a rapid rise in the urinary levels
of the three cestrogens throughout pregnancy, greatest
between the 6th and 20th weeks. The oestrone and
oestradiol levels at labour were 100 times higher than
those during the luteal phase of the menstrual cycle, the
oestradiol levels being about one-third of the cestrone
levels. The urinary cestriol levels rose approximately
1000-fold during this time. The results obtained during
the last weeks of pregnancy are shown in more detail
in the accompanying table.

in the four subjects, and during the puerperium in subject 8,



Fig.4(subject8)—Duringlactationanduntiltheonsetof menstruationexcretionofoestriol,oestrone,andoestradiol wasmeasured.Thereafter,untiltheendofthethird menstrualperiodfollowingdelivery,pregnanediolwas measuredinadditionandvariationsinbasaltemperature wererecorded.
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EXCRETION OP CESTRIOL, (ESTRONE, AND (ESTRADIOL-17|3
DURING LATE PREGNANCY EXPRESSED AS MG. PER 24-HOUR
SPECIMENS OP URINE

Sub¬
ject

Type of
oestrogen

Weeks before
delivery Days before delivery

4 3 2 7 6 5 4 3 2 1

7 (Estriol
(Estrone
(Estradiol

16
0-75
0-30

17
0-70
0-28

19
0-75
0-40

22
0-93
0-38

26
0-95
0-38

8 (Estriol
(Estrone
(Estradiol

31
1-5
0-60

31
1-5
0-58

39
1-7
0-65

35
1-6
0-60

35
1-5
0-63

36
1-5
0-64

41
1-7
0-73

40
1-7
0-70

36
1-5
0-60

41
1-7
0-68

9 CEstriol
(Estrone
(Estradiol

24
1-4
0-38

22
1-3
0-38

35
1-8
0-57

28
1-2
0-48

30
1-2
0-45

23
1-0
0-38

30
1-0
0-40

24
0-93
0-35

25
0-93
0-30

21
0-93
0-33

10 (Estriol
(Estrone
(Estradiol

41
0-29
0-73

33
21
0-83

36
1-7
0-70

31
1-6
0-63

36
1-8
0-73

29
1-5
0-70

39
1-8
0-85

30
1-4
0-60

41
2-1
0-90

Subject 8
During labour, which lasted 3 hours, the urinary

excretion calculated on a 24-hour basis was 44 mg. of
oestriol, 1-7 mg. of oestrone, and 0-85 mg. of oestradiol-17 p.
After delivery, the urinary oestrogen levels fell rapidly.
In the case of cestrone and (estradiol-17 (3 there was a
linear relationship between the logarithm of the amounts
excreted and the time after delivery, and normal non-
pregnancy levels were reached within 5 days. In the
case of oestriol this linear relationship did not apply so
closely, and normal non-pregnancy levels were not
reached until 25 days after delivery (fig. 4). Levels were
low during lactation and reached a minimum (cestriol
1-0 (ig., oestrone 3 p.g., (estradiol 0 y.g. per 24 hours) at
the time when lactation became inadequate and suckling
was discontinued. Thereafter the amounts increased
slowly.

There was slight vaginal bleeding on the 78th and on
the 84th days after delivery when the oestriol and oestrone
levels were both approximately 7 y.g. per day. Soon
after this, measurable amounts of oestradiol-17 (I appeared
in the urine and the levels of all three oestrogens rapidly
increased and decreased in the manner characteristic of
ovulation (Brown 1955b). However, the oestrogen levels
did not rise again to a definite luteal maximum and
menstrual bleeding began 8 days after the " ovulation "
peak. That ovulation followed by a shortened luteal
phase had occurred was confirmed by morning
basal temperature and urinary pregnanediol measure¬
ments.f An ovulation peak followed by a somewhat
shortened luteal phase of 10 days was seen during the
next menstrual cycle, and during the third menstrual
cycle there was a normal luteal maximum and the
oestrogen levels throughout were almost identical with
those during the menstrual cycle preceding pregnancy.

f The pregnanediol measurements were kindly performed by
Dr. A. Klopper using the method of Klopper, Michie,
and Brown (1955).
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Discussion

The results reported here are similar to those obtained
by other workers, but they give a more detailed picture
of some of the changes in urinary oestrogen levels during
pregnancy, the puerperium, and lactation.
OEstrogen Level During Pregnancy

The levels found during the menstrual cycle in which
pregnancy occurred were very similar to those found
during the preceding cycle up to the middle of the luteal
phase, after which time they continued to rise slowly
instead of falling as they do before menstruation. At
about 7 weeks after the last menstrual period, the urinary
oestrogen levels began to increase rapidly, being soon
outside the range found during a menstrual cycle, and
thereafter they followed a smooth exponential curve
which flattened somewhat towards the end of pregnancy.

The abrupt change in the oestrogen excretion curve at
about 7 weeks might well be due to the changeover from
the corpus luteum to the placenta as the major producer
of oestrogens. This is earlier than the time suggested
for this changeover by Venning (1948) who thought that
it took place during the 2nd to 3rd months. However,
many workers have noted that the removal of the corpus
luteum, even during the first month of pregnancy, does
not necessarily cause abortion. Koff and Tulsky (1953)
concluded from this evidence, and from their own studies
on eight women in whom they estimated urinary preg¬
nandiol before and after removing the corpus luteum,
that by the 35th day the placenta by itself secretes enough
progesterone to maintain pregnancy. This should apply
equally to the oestrogens, and it would therefore seem
that the rapid increase in oestrogen excretion observed
at 7 weeks is caused mainly by placental production, and
that even before this time the placenta is contributing
increasingly to the oestrogen levels.
QEstrogen Levels During and After Labour

My findings during late pregnancy and at the onset
of labour are very similar to those reported by other
workers, and support the conclusions of Bradshaw and
Jessop (1953) that there is no correlation between
oestrogen excretion and the onset of labour. The con¬
siderable day-to-day variations in the excretion of
oestrogens in the same woman and the variations in
secretion between different women noted by Bradshaw
and Jessop were also observed in my series. These
differences are masked in the logarithmic scale used in
fig. 3 but are shown more clearly in the table.

The rapid decrease in the urinary oestrogen levels
following delivery was consistent with sudden removal
of the placental source and a continuous metabolism and
renal excretion of the remaining cestrogens. (Estriol
was eliminated more slowly than oestrone and cestradiol-
17(3—an interesting difference observed following single
intramuscular injections of these three oestrogens.
GCstrogen Levels During Lactation and the Puerperium

The oestrogen levels during lactation were low and
were within the range normally found during the early
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part of a menstrual cycle. After lactation ceased, the
(estrogen levels began to increase slowly until the regular
rise and fall found during a menstrual cycle was observed.
It may be significant that, after the period of lactation
amenorrhoea, slight menstrual bleeding occurred when
the oestriol and oestrone levels were each approximately
7 fxg. per 24 hours. Such levels, when maintained
for a period, might represent the minimum amounts of
oestrogens required for stimulating endometrial growth ;
and yet, being within the range normally found at
menstruation (Brown 1955b), they might make the
stimulated endometrium unstable and precipitate
menstruation.

During the first menstrual periods after delivery,
ovulation took place, but during the first two periods the
luteal phases were abnormally short (8 and 10 days).
This is contrary to the belief that the luteal phase always
lasts about 14 days. It is possible to envisage a luteal
phase so evanescent that it cannot be detected. By all
the usual criteria such a menstrual cycle would be
considered anovular, and it may well be that brevity
of the luteal phase is the explanation of some of the
apparently anovular cycles following delivery. The
third menstrual cycle appeared to be normal in all
respects, and during this cycle the urinary oestrogen
levels were almost the same as those found during the
menstrual cycle preceding pregnancy. This is a further
example of the constancy in the pattern and amounts
of oestrogens excreted during different menstrual cycles.

Summary
The urinary excretion of oestriol, oestrone, and

cestradiol-17 (3 during conception, pregnancy, the puer-
perium, lactation, and the recommencement of menstrua¬
tion has been measured in women. A new chemical
method of estimation was employed. The results are
discussed.

I wish to thank Prof. G. F. Marrian, f.b.s., and Prof. R. J.
Kellar, for their interest in this work. I am also grateful to
the wives of colleagues who contributed the urine specimens,
and especially to the one who made possible the complete
study over a period of 17 months. I am also indebted to
Mr. H. A. F. Blair and Miss Janet Mackie for their skilled
technical assistance.
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Numerous reports have appeared recently giving
values for the excretion of oestriol in the urine
during normal and abnormal pregnancies. The
present paper also reports the results of such
analyses and represents the cumulative experi¬
ence gained in two laboratories over a period of
years. Only the second and third trimesters are
considered here and the results for early
pregnancy will be reported later.

Methods

Urinary oestriol was measured initially by
the method of Brown (1955, method A) modified
for pregnancy urine as described by Brown
(1956). Latterly, the shortened modification of
this method (method 1) described by Brown
and Coyle (1963) was employed. It has been
shown (Brown and Coyle, 1963) that methods
A and 1 give the same results on urines collected

om the first missed period of pregnancy until
term, and furthermore, that they give the same
results in the two laboratories when applied to
the same urine specimen. Therefore, the results
have been combined irrespective of the method
used or the laboratory in which the analyses
were performed.

Diabetics were included in the present series
and this introduced the possibility that glucose
present in their urine would cause destruction
of oestriol during acid hydrolysis (Brown and
Blair, 1958). However, Hobkirk and his col¬
leagues (1960) have shown that this destruction
does not occur when the urine is diluted more

than 1 : 10 with water before hydrolysis. Greater
dilutions than these were used in the present
series since the diabetic patients were more than
19-weeks pregnant, and therefore the presence
of glucose could be disregarded.

In general, 24-hour specimens of urine were
collected from each patient at intervals of 1 to
4 weeks throughout pregnancy, and the com¬
pleteness of the collection was checked by
creatinine determinations. The results have not
been corrected for the 15-25 per cent losses
which occur during the assay procedure.

Patients

Eighteen patients were originally selected in
early pregnancy for the normal series; however,
of the 6 studied in Edinburgh, 1 delivered a
small baby weighing 4 pounds 10 ounces, and
of the 12 studied in Dundee, 5 developed
abnormalities later. The majority of the patients
for the abnormal series were obtained in Dundee
and were selected on the basis of histories of

abortions, stillbirths or neonatal deaths in
previous pregnancies. However, past obstetrical
history was not a reliable guide to performance
in the pregnancy studied, and in many of these
the progress was completely normal and there¬
fore these results were included in the normal
series.

Studies on 97 patients are reported here.
These were divided into the following categories.

(1) Normal pregnancies (36 cases): these
proceeded without clinical complications and
terminated spontaneously at between 37 to 41
weeks with the birth of a healthy baby weighing
over 6^ pounds.

(2) Pregnancies with small babies (31 cases):
these were usually uneventful, and terminated
after 37 weeks with the birth of a live baby
weighing less than 6J pounds.

(3) Twin pregnancies (22 cases): these were
further subdivided according to whether there
was associated pre-eclamptic toxaemia or not.
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(4) Pregnancy complicated by diabetes (5
cases).

(5) Disorders of pregnancy included severe
pre-eclamptic toxaemia with intra-uterine foetal
death (2 cases), anencephalic foetus (4 cases)
and cirrhosis of the foetal liver (1 case). Only
3 patients in this group will be presented here
since the majority of the results have already

been reported (Coyle, Greig and Walker, 1962;
Coyle, 1962), and a series of patients with
pre-eclamptic toxaemia will be reported later.

Results

(1) Normal pregnancy. Thirty-six normal preg¬
nancies were encountered. The mean birth
weight of the babies was 7 pounds 11 ounces

Fig. 1

Oestriol excretion during 36 normal pregnancies (baby weights over 6) pounds) showing fitted mean, maximum
and minimum (P=0 05) values.
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Table I

Weekly Oestriol Values *

Weeks of Pregnancy Over 6J Pounds Under 6£ Pounds Twins C

41 25-0±7-4 (5) 19-6 (1) 2
40 23-1 ±7- 6 (13) 15-2 (2) 26-4±8-8 (5) 2
39 21 -6±7-6 (23) 14-8±3-8 (5) 24 • 1 ± 8 • 2 (8) 2
38 20 0 ±5 ■ 1 (34) 14- 5±40 (14) 25-4±7-3 (10) 2
37 19-8±6-7 (26) 13-8±4-0 (23) 23-7±8-1 (8) 2
36 19-7±6-5 (26) 11 -2±3-2 (21) 25 -2±4-l (5) 2
35 16-2±4-7 (24) 12-2±4-0 (20) 18-9±40 (7) 1
34 16-3±4-7 (23) ll-6±4-l (15) 18-4±20 (4) 1
33 14-3±3-5 (19) 9-3±3-4 (16) 14-74-2 0 (4) 1
32 13-3±3-8 (21) 8-9±2-7 (11) 13 0±3 0 (4) 1
31 12-7±2-4 (9) 10 3±3 2 (12) 13 0±2 0 (4) 1
30 12-5±3-1 (15) 8- 6±3-1 (9) 1
29 12-4±3-3 (16) 8-3±2-3 (10)
28 10-8±2-8 (25) 8-4±2-2 (9)
27 10-5±3-4 (11) 6-9±2-5 (5)

* Weekly oestriol values (mg./24 hour urine) from the 27th week until term in normal pregnai
over 6i pounds), pregnancies with small babies (birth weight under 6-1, pounds), twin pregnar
pregnancies with birth weights over 8 pounds. Means and standard deviations are shown, and the r
studied at each week.

and minimum values (P=0-(
analysis of these results showed
not influenced by the age or parit;

Generally, the oestriol exc
individual increased steadily
normal pregnancy. However, t
crease is not invariable and an ei

is taken from the main series, i
Figure 2. In this case, the oes
remained at the unusually low le
mately 7 mg./24 hours until the
then increased almost to the nori

during the next three weeks. 1
course of this pregnancy, no clinii
in the development of the foetus
a normal baby weighing 7 pound
delivered at the 40th week.

(2) Pregnancies with small bat
women gave birth to live babie
than pounds after a gestation
than 37 weeks. Since complicai
common in this group, the result:
included in the normal series

separately in Figure 3 and Tabl
Compared with the normal ser

values were similar up to the
thereafter thev increased at a sic

(standard deviation±11 ounces; actual range
6| to 10 pounds). The values found for the
urinary excretion of oestriol at various stages of
pregnancy are summarized in Table I and
Figure 1, which shows the fitted mean, maximum

Fig. 2

Oestriol excretion during a normal pregnancy showing
1 lniicnolh; I/mi; irolnoe iit-1 + I1 tho maalr M/m-tviol mnnn
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weeks of pregnancy

Fig. 3

Oestriol excretion during 31 pregnancies with small
babies (birth weights under 6A pounds) showing fitted

mean, maximum and minimum (P=0 05) values.

Fig. 4

Oestriol excretion during 14 normal pregnancies in
which the birth weights were over 8 pounds, showing
the mean values compared with the overall normal
means, and the means for the pregnancies with small

babies (birth weights under 64 pounds).

Mean —

Range

mately two-thirds those of the normal series,
the differences being significant (P=0-05).
These differences were further accentuated
when the patients with small babies were com¬
pared with the 14 patients in the normal series
who had babies weighing over 8 pounds at
birth, as shown in Figure 4 and Table I. For
example, the mean oestriol values of these two
groups at the 39th week were 15 mg. and 28
mg./24 hours, a difference which is highly
significant (P=0 01).

Individual results are illustrated in Figure 5
which shows the oestriol values found in a

patient who gave birth at 38 weeks to a baby
weighing 4 pounds 10 ounces. The foetus in this
case was noted to be smaller than usual from
the 20th week of gestation, and the oestriol
excretion at the 38th week was only 6 mg./24
hours.

(3) Twin pregnancies. Twenty-two cases of
twin pregnancy were studied. Figure 6 and Table
I show the results, subdivided according to
whether there was associated pre-eclamptic
toxaemia or not.

Fig. 5

Oestriol excretion during a pregnancy with a small baby
(birth weight 4 pounds 10 ounces). Normal mean,
maximum and minimum (P=0 05) values are shown.

20 24 28 32 36 35"
weeks of pregnancy

ovpr 8 lbs.

ovef6lb.8oz.

:r6lb.8az.

pregnancy
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20 24 28 32 36 40
weeks of pregnancy

Fig. 6

Oestriol excretion during 22 twin pregnancies which
have been subdivided according to whether there was
associated pre-eclamptic toxaemia or not. The mean

values are shown.

Normal x

Pre-eclamptic Q
toxaemia

Mean — .. .

_ Normal
Range —

(5) Disorders ofpregnancy. Some of the results
obtained in this group have already been pub¬
lished, and the results in toxaemia will be
reported later. However, three patients are
reported here.

Table II

Oestriol Excretion in Two Patients*

Fig. 7

Oestriol excretion in 5 pregnancies with associated
diabetes. Normal mean, maximum and minimum

(P=0 05) values are shown.

20 24 28 32 36 4it
weeks of pregnancy

The oestriol values tended to be lower in
those cases with pre-eclamptic toxaemia, but as
a group, the values were very similar to those
found in the normal series, with baby weights
of over 8 pounds. Only one case had an oestriol
value of over 40 mg./24 hours.

(4) Diabetes. Five diabetics were studied and
in each case the pregnancy was terminated at
the 36th to 37th week. Although such preg¬
nancies are frequently associated with over¬
weight babies, in this series none of the babies
weighed more than 7 pounds 4 ounces. The
oestriol values are shown in Figure 7.

All the values fell below the normal mean

but none was below the normal minimum.

Patient I Patient II

Weeks of
Pregnancy

Urinary
Oestriol

Excretion
Ag-/24
Hours

Weeks of
Pregnancy

Urinary
Oestriol

Excretion
P-g./24
Hours

7 .. 42 9 . . 104
8 50 13 .. 259

10 . . 116 17 . . 992
12 . . 258 21 . . 1,560
14 . . 213 25 .. 1,520
16 .. 59 27 .. 640
18 . . 64 30 .. 290

32 .. 300

* Oestriol excretion in two patients, one who aborted at
the 20th week, the other who delivered a macerated
foetus at the 32nd week. Values in mg./24 hour urine.



230 journal of obstetrics and gynaecology

(a) Two patients who were initially in the
normal group aborted, one at the 20th week,
the other at the 32nd week when she delivered
a macerated foetus. The oestriol values are

shown in Table II.
In the first patient, the oestriol excretion

began to decrease some time before the abortion.
In the second, although the oestriol values in¬
creased steadily up to the 25th week, they
remained at the lower levels of the normal
range, and thereafter they fell rapidly, indicating
that intra-uterine foetal death occurred at about
this time.

(b) A third patient had an apparently normal
pregnancy but delivered a baby who died at
birth of toxoplasmosis. The oestriol values
throughout pregnancy were within the normal
range, as shown in Figure 8.

Discussion

The results reported here are in general
agreement with those reported by other workers.
The values for oestriol excretion during normal
pregnancy are the same as those reported by
Frandsen and Stakemann (1960) but are higher
than those reported by Zondek and Goldberg

Fig. 8

Oestriol excretion during a pregnancy in which the baby
died at birth of toxoplasmosis. Normal mean, maximum

and minimum (P=0 05) values are shown.

(1957) and slightly lower than those reported
by Brown (1956), Lenters (1958) and Kellar
and associates (1959). Some of these dis¬
crepancies can be ascribed to the degree of
specificity or to differences in the overall
recovery of the assay method employed. For
example, Kellar et ah (1959) used a modification
of the present method which did not include
chromatography (method 3, Brown and Coyle,
1963), and their slightly higher results are
probably due to contamination by trace amounts
of other oestrogens. Other discrepancies could
be due to our selection of the normal series on

the basis of baby weight. For example, the
higher values reported by Brown (1956) were
almost certainly due to the fact that all the
birth weights in his series were over 8 pounds
(range 8 pounds 3 ounces to 9 pounds 3 ounces).

The results were analyzed statistically to
determine whether oestriol output was in¬
fluenced by the age and parity of the mother
or by the weights of the placenta and foetus
at birth. The only correlation demonstrated was
between oestriol output and the weight of the
baby, a finding which has already been reported
by Frandsen and Stakemann (1960). This
correlation is best illustrated by comparing the
pregnancies in which the babies weighed over
8 pounds with those in which the babies weighed
under 6| pounds. The mean oestriol excretion
at 39 weeks in the two groups was 28 mg. and
15 mg./24 hours respectively, a difference which
was highly significant (P=0-01). In twin preg¬
nancies, the combined baby weight is usually
greater than the baby weight in a single preg¬
nancy. The oestriol values found in 22 twin
pregnancies tended to be higher than in the
normal series and corresponded approximately
to those found in the group of patients who had
babies weighing over 8 pounds. Higher than
average values have been reported in twin
pregnancies by other workers (Borth et ah,
1959; Kellar et ah, 1959). Our series included 7
pregnancies which were complicated by hyper¬
tension or pre-eclamptic toxaemia. These con¬
ditions are known to be associated with a

reduced oestriol excretion and may have
decreased the overall group figures. Overweight
babies are often encountered in pregnancies
complicated by diabetes. In our group of 5 such
cases, none of the babies were over weight, and
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the oestriol excretion fell within the lower
range of normal. Similar low oestriol values
have been reported in diabetic pregnancies by
Hobkirk et al. (1960).

Included in the cases reported here is a patient
who delivered a macerated stillbirth at the 32nd
week of gestation. The urinary oestriol excretion
followed the lower limits of the normal range
until the 25th week when it fell rapidly, in¬
dicating that intra-uterine foetal death occurred
about this time. Another pregnancy terminated
in an abortion at the 20th week, and the
oestriol excretion was falling before the abortion
occurred. These results are in agreement with
the many reports that a low or falling oestriol
excretion indicates a poor prognosis for the
pregnancy. However, an exception to this rule
is illustrated by a patient (Fig. 2) whose output
of oestriol was unusually low until the 36th
week and then increased to normal values. The
pregnancy was otherwise completely normal
and produced a baby weighing 7 pounds
8 ounces at the 40th week. This case indicates
that caution is required when interpreting
apparently abnormal oestriol values during
pregnancy.
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The excretion of oestriol in the maternal
urine increases approximately a thousand¬
fold from conception to term. During the
first weeks of pregnancy, the oestriol is de¬
rived from the metabolism of oestrone and
oestradiol produced by the corpus luteum.
Later, the placenta becomes the major site
of oestrogen production, and synthesises
oestriol as well as oestrone, oestradiol and
other oestrogens. From this time, the urin¬
ary oestriol is derived in two ways—directly
from placental oestriol and indirectly from
the metabolism of the other oestrogens.
The placenta, in turn, derives many of the
steroid precursors required for oestrogen
synthesis from other sites, the most import¬
ant being the foetus. The levels of oestriol
in the urine therefore reflect the combined
functional capacity of the foeto-placental
unit.

The value of oestriol determinations as

a measure of placental function and foetal
well-being has been reported by many
workers and the subject has recently been
reviewed by Greene et al. (1965). It is
generally agreed that the test is useful in
the management of pregnancies complicated
by placental dysfunction, particularly after
33 weeks of gestation when intrauterine
foetal death may be prevented by termina¬
tion of the pregnancy.

The present paper describes our experi¬
ence with the test performed on 265 patients
presenting with complicated pregnancies
during the 2-year period ending October,

"McLaughlin Fellow. Present address: Depart¬
ment of Obstetrics and Gynecology, Dalhousie
University, Halifax, Nova Scotia.

1965. Most of these patients were man¬
aged in the Professorial Unit, but the series
includes material referred from other ob¬
stetrical units within the Royal Women's
Hospital.

Methods

During the early part of the investigation,
oestriol was measured by the method of
Brown and Coyle (1963) employing
methylation and alumina chromatography
(Method 1). This method is specific for
oestriol but permits only 6 analyses to be
completed by each worker in a day. It
was later superseded by a method based on
a semi-automatic partition apparatus which
processes 12 samples of urine at one time
to a stage where the extracts are suitable
for colorimetry by the Kober reaction
(Method 2). By this method, 12 analyses
can be completed in less than 3 hours and
one worker can perform 24 or 36 measure¬
ments in a working day. The procedure is
not completely specific for oestriol, but in
a comparison with the earlier method, the
mean ratio and standard deviation of re¬

sults Method 2/Method 1 was 1.07 ±0.18
for 96 urines containing between 1 and 10
mg. of oestrogen per 24 hours and
1.01 ± 0.13 for 125 urines containing more
than 10 mg. per 24 hours (Brown et al.,
1966). The values obtained by the 2
methods are therefore comparable and
have been pooled in this report. All the
values in the normal series were obtained
by Method 2.

Urines were collected over 24-hour
periods and completeness of the collection
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was checked by creatinine and/or specific
gravity measurements. Results are ex¬
pressed as mg. of oestriol excreted per 24-
hour urine specimen and are uncorrected
for method losses which amount to approxi¬
mately 30%.
Patients

The 265 patients studied were classified
as follows:

hypertension, pre-eclampsia, and chronic
renal disease (103), poor obstetrical his¬
tory (18), placental insufficiency diag¬
nosed clinically (17), antepartum haem¬
orrhage (24), prolonged pregnancy (48),

rhesus immunization (33), foetal mal¬
formation (5), premature rupture of
membranes (6), treatment with cortisone
analogues (8), and hydatidiform mole
(3).

Patients who could have been assigned to
more than one category have been placed
in the most relevant and have been referred
to only once. The group results are sum¬
marized in the figures and detailed informa¬
tion on individuals is given in only a few
cases to illustrate important points. in
general, treatment of the patient was not
influenced by the oestriol value.

6 above 40 mq. at 40 u/eeks
t

/4 16 16 20 22 24 26 26 30 32 34 36 36 40 42

WEEKS OF GESTATION
Figure 1. Urinary oestriol values in 211 women with normal pregnancies.
The solid line represents the fitted mean values and the dotted line joins

the minimum values (P < 0.005).
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Normal Values

Differences have been reported in the
oestriol excretion levels by workers in dif¬
ferent centres. It was therefore necessary
to accumulate our own normal values for

uncomplicated pregnancies. The patients
for the normal series were all seen before
13 weeks of gestation to ensure that their
dates correlated with the size of the uterus.

Oestriol assays were performed at approxi¬
mately 18, 30 and 40 weeks and only those
women who proceeded uneventfully to term
and delivered a normal live infant have
been included; 425 determinations were per¬
formed on 211 women, and the results are
shown in figure 1. The mean values at
16-20, 28-32 and 38-41 weeks were 4.4,
13.0 and 26.1 mg., respectively. A fitted
curve joining these and other mean points
is shown in figure 1. For the management
of patients with complicated pregnancies
after the 30th week it is necessary to be
able to delineate the levels associated with

placental dysfunction from the lower limits
of normal. Only 4 women out of 81 had
oestriol values below 2 mg. at 16-20 weeks,
6 out of 113 had values below 8 mg. at
28-32 weeks, and 1 out of 66 had an oes¬
triol value below 12 mg. at 38-41 weeks.
A line joining these points has therefore
been taken as a convenient division be¬
tween normal and subnormal and has been
included in all the figures to assist in inter¬
pretation.

Results
There has been no attempt to relate the

oestriol values with the severity of the ob¬
stetrical abnormality present, although cor¬
relations of this type have been reported
(Lenters, 1958). The emphasis has been
on correlating the oestriol values with the
outcome of the pregnancies in terms of
perinatal mortality. In this respect it was
important that knowledge of the oestriol
value should not influence the management
of the patient.
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Figure 2. Urinary oestriol excretion in 73 patients with hypertension, pre¬
eclampsia, and renal disease who had surviving infants and oestriol excretion

within the normal range.
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Figure 3. Urinary oestriol excretion in 23 patients with hypertension, pre¬
eclampsia, and renal disease who had surviving infants and oestriol values

below the lower limits of normal.

This group consisted of 61 patients hav¬
ing hypertension with or without renal dis¬
ease, 35 with pre-eclampsia and 7 with
chronic renal disease without hypertension.
These conditions were grouped together
since they tended to occur in the same
patients.

Figure 2 shows the results in the 73
patients who had oestriol values which were
above the line joining 8 mg. per 24 hours
at 30 weeks and 12 mg. at 40 weeks. Not
one intrauterine or neonatal death occurred
in this group which included 28 patients
with pre-eclampsia (14 with proteinuria)
and 7 others with hypertension of 170/
110 or above. Meconium-stained liquor
was noted in 19 of the 73 patients and 5
infants showed evidence of placental insuf¬
ficiency. The placenta weighed 350 g. or
less in 4 patients.

Oestriol values below the lower limits of
normal were recorded in the remaining 30
patients. Of the 23 patients with surviving

infants (figure 3), 5 had severe pre-eclamp¬
sia, and 7 others had hypertension of 170/
110 or above. Three infants appeared
placentally insufficient. The placenta
weighed 350 g. or less in 8 patients. Of
the 7 patients in whom perinatal death oc¬
curred (figure 4), 2 had severe pre-eclamp¬
sia and another 2 had hypertension above
170/110. The placenta weighed less than
350 g. in 6 of these patients.

1. Hypertension, Pre-eclampsia and Renal Disease
Illustrative case histories—foetal survival (figure

3).
Case 1 was a multigravida who had required

induction of labour at 36 weeks in her previous
pregnancy because of pre-eclampsia. She had
chronic renal disease, a blood pressure of 155/105
and a blood urea of 51 mg. per 100 ml. The
creatinine and urea clearances were both only
25% of normal. Oestriol assays were commenced
at 29 weeks; the values were low but increased
satisfactorily until 31 weeks when there was a
sudden progressive fall to less than 2 mg.; follow¬
ing this the membranes were ruptured and a
2,310 g. infant was born vaginally. Vaginal cyto¬
logy had suggested the presence of placental in-
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WEEKS
Figure 4. Urinary oestriol excretion in 7 patients with hypertension, pre¬
eclampsia, and renal disease in whom low values were associated with peri¬
natal deaths. F.D.l.U. = foetal death in utero; N.N.D. = neonatal death.
The gestation at delivery is shown when this was more than 7 days after the

oestriol measurement.

sufficiency but the appearance of the baby did
not support this diagnosis.

Case 2 was a multigravida with chronic pyelone¬
phritis, a blood pressure of 140/90 and a blood
urea which remained over 80 mg. per 100 ml.
from 20 weeks. Oestriol assays were commenced
at 23 weeks; the values were low but increased
steadily and reached 10.6 mg. at 36 weeks when
last measured. At 38 weeks the membranes were

ruptured and the patient was delivered of a 2,580
g. infant.

Case 3 was a multigravida with mild hyper¬
tension. As there was no clinical evidence of
placental insufficiency the very low oestriol value
of 1.9 mg. at 38 weeks was unexpected; at 39
weeks the value was still 1.9 mg. and at 40 weeks
it had risen slightly, to 3.3 mg. Labour was
induced and a 3,200 g. baby was born unevent¬
fully. At birth there was no obvious signs of
placental insufficiency but later the baby failed
to suck, was very hypotonic and now shows evi¬
dence of cerebral damage.

Case 4 was a multigravida who was admitted
to hosoital at 33 weeks with a blood pressure of
150/100, proteinuria (4 g./l.) and the clinical
features of placental insufficiency. The oestriol
values were 6.0 mg. at 36 weeks and 2.5 mg. at

37 weeks. At 37.5 weeks prolapse of the cord
occurred during amniotomy and the patient was
delivered by Caesarean section of a 1,080 g. infant
which appeared to be placentally insufficient. The
placenta weighed 170 g.

Case 5 had a blood pressure of 180/110 which
subsided to 150/100 with hypotensive therapy.
Placental insufficiency was diagnosed on clinical
evidence at 29 weeks. The oestriol value was 7.2
mg. at 30 weeks and increased to 14.2 mg. at 37
weeks. Rupture of the membranes was performed
at 38 weeks and 10 ml. of clear liquor was
obtained. A 2,580 g. infant was born uneventfully
and the placenta weighed 450 g.

Case 6 was an Italian primigravida with sickle-
cell thalassaemia and mild pre-eclampsia. A
3,000 ml. blood transfusion was given at 24 weeks
because the haemoglobin had fallen from 8.0 to
3.7 g. per 100 ml. Oestriol values were 4.5 mg.
at 33 weeks, 2.3 mg. at 35 weeks and 6.9 mg.
at 36 weeks. Clear amniotic fluid was obtained
when the membranes were ruptured at 37 weeks.
Incoordinate labour developed and the patient
was delivered by Caesarean section of a 1.980 g.
infant which appeared placentally insufficient. The
placenta weighed 300 g. This case has previously
been reported (Sternberg, 1965).
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Illustrative case histories—foetal death [figure 4).
Case 7 was a 32-year-old woman with a past

history of 12 pregnancies and only one living
child. Complete investigation revealed nothing
except a blood pressure of 150/100. The oestriol
values were low at 22 weeks, rose slowly till 26
weeks then fell abruptly to less than 1 mg. and
foetal death in utero occurred. The foetus and
placenta weighed 800 g. and 100 g. respectively.

Case 8 had a blood pressure of 160/95 at 16
weeks and was given hypotensive therapy until
term. The baby was still alive at 40 weeks at
which time the oestriol value was only 4.2 mg.;
nothing further was done and foetal death in
utero occurred approximately 10 days later. The
foetus weighed 2,300 g. and the placenta, which
was grossly infarcted, weighed 320 g.

Case 9 was a 20-year-old multigravida who had
had a normal term pregnancy one year previously.
In the present pregnancy there was clinical evi¬
dence of placental insufficiency at 33 weeks when
hypertension and proteinuria developed. The
oestriol values from 30 weeks onwards were very
low. Caesarean section was performed at 35
weeks; there was no amniotic fluid and the
placenta was fibrotic and weighed 150 g. The
infant weighed 1,195 g. at birth and died 60 hours
later from haemorrhagic disease.

2. Poor obstetrical history
The results obtained in the 18 patients

with poor obstetrical histories are shown

in figure 5. Together, these women had
had 53 past pregnancies yielding only 9
live babies; there had been 15 foetal deaths
in utero between 28 and 43 weeks, 14
abortions, 12 premature births, 2 neo¬
natal deaths from placental insufficiency,
and 1 ectopic pregnancy. The 18 preg¬
nancies under investigation resulted in 14
surviving infants and 4 intrauterine foetal
deaths between 24 and 32 weeks.

The oestriol values were normal in 13 of
the 14 patients with living infants and in
the patient with an achondroplastic baby
which died during delivery; low and falling
levels were found in the other 3 patients
with intrauterine foetal deaths. Low but
rising oestriol values were found in the
other pregnancy in which the foetus sur¬
vived.

Illustrative case histories

Case 10 had had severe pre-eclampsia and
foetal deaths in her previous 2 pregnancies. Jn
the present pregnancy movements were felt at 19
weeks and hydramnios occurred at 22 weeks but
seemed to disappear at 30 weeks. Investigations

WEEKS

Figure 5. Urinary oestriol excretion in 18 patients with poor obstetrical
histories. F.D.I.U. = foetal death in utero; S.B. = death during delivery.
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were normal. The oestriol values rose steadily
from 3.7 mg. at 18 weeks to reach over 9 mg.
between 26 and 29 weeks and then fell to 5 mg.
at 31 weeks; at 32 weeks the values were still at
this level and foetal death occurred during the
32nd week; there had been no clinical evidence
of placental insufficiency. The foetus weighed
2,440 g. and the placenta 450 g.

Case 11 had had 3 previous foetal deaths in
utero; apart from the patient being apprehensive
no factor could be found to account for these.
There was clinical evidence of severe placental in¬
sufficiency in the present pregnancy. The oestriol
value was 4.9 mg. at 18 weeks but failed to in¬
crease thereafter and began to fall after 25 weeks;
by 26 weeks it had reached 2.4 mg. and foetal
death in utero occurred at approximately this
time. The foetus weighed 750 g. and the placenta
120 g.

3. Placental Insufficiency Diagnosed Clinically
The results obtained in the 17 patients in

whom a diagnosis of placental insufficiency
was made clinically are shown in figure 6.
The most common criteria used in the diag¬
nosis were: poor uterine growth (9 patients),
no weight gain or actual weight loss (10
patients), and oligo-hydramnios (3 patients).
Labour was induced by artificial rupture
of the membranes in 3 patients, an elective
Caesarean section was performed in 2, and
spontaneous onset of labour occurred in the
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Figure 6. Urinary oestriol excretion in 17 patients
with the clinical diagnosis of placental insuffici¬

ency.

other 12. All the infants in this group sur¬
vived and only 1 appeared placentally in¬
sufficient at birth. Two patients had oes¬
triol values below normal.

Illustrative case histories
Case 12 was a multigravida who failed to gain

weight for 12 weeks and then reported sluggish
foetal movements. The oestriol value at 39 weeks
was 8.5 mg. The membranes were ruptured at 40
weeks and no amniotic fluid was obtained. The
foetal heart became irregular and Caesarean sec¬
tion was performed. The infant weighed 2,100 g.
and appeared placentally insufficient.

Case 13 was to have had a repeat Caesarean
section but there was uncertainty about her dates.
The oestriol levels were measured from 37 weeks
and although they were somewhat low, they were
rising steadily. The Caesarean section was per¬
formed at 40 weeks as originally planned and
the 2,170 g. baby showed the clinical appearance
of about 35 weeks' maturity.
4. Antepartum Haemorrhage

This group consisted of 24 patients who
had had antepartum haemorrhage after
20 weeks (figure 7). Six patients had
placenta praevia and in these the oestriol
values were normal. The remaining 18
patients on retrospective analysis were sub¬
divided into the following groups: accidental
haemorrhage 6, circumvaliate placenta 4,
and cause unknown 8. Four of the infants
were lost in this mixed group, ft should
be emphasised that the haemorrhages were
mild in these patients — otherwise con¬
servative therapy would have been contra-
indicated—and there would not have been
time to perform the assays. Furthermore,
some patients were discharged soon after
the episode of bleeding and in these only
1 or 2 urine collections were made. In
contrast with the patients with placenta
praevia, many of these patients had oestriol
values below the normal level.

Illustrative case history
Case 14 was a multigravida presenting with

mild vaginal bleeding at 35 weeks; the foetal heart
sounds were present but the oestriol level was
only 3.1 mg.; the foetus died in utero 2 days
later. The foetus weighed 2,550 g.; the placenta
weighed 500 g. and appeared normal.
5. Prolonged Pregnancy

Prolonged pregnancy was defined as a
period of gestation of 42 weeks or more.
Figure 8 shows the oestriol values in the
48 patients whose dates were considered
to be correct and in whom the last oestriol
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Figure 7. Urinary oestriol excretion in 24 patients with an antepartum
haemorrhage. F.D.I.U. = foetal death in utero; S.B. = death during delivery;
N.N.D. = neonatal death; P.R.M. = premature rupture of the membranes.
In those cases in which the foetus died, the gestation at delivery is shown

when this was more than 7 days after the last oestriol measurement.

analysis had been performed within 7 days
of delivery.

In 21 patients only 1 oestriol estimation
was performed and in 3 of these the value
was below 12 mg. Thirteen of the remain¬
ing 27 patients showed decreasing oestriol
values after 42 weeks and in 5 the levels
fell below 12 mg. 'There was thus a tendency
for the oestriol values to reach a maximum
at approximately 42 weeks and then to fall,
suggesting a declining placental function
after this time. There was no correlation
between low oestriol values and the pre¬
sence of meconium in the liquor, but there
was a tendency for foetal distress to be
more common in patients with low oestriol
values. Four infants showed unequivocal
evidence of placental insufficiency and the
oestriol values were low in 2 of them. It
would seem that the foetus in jeopardy dur¬
ing labour, even when the oestriol value
approaches the level characteristic of intra¬
uterine death, may not show clinical evi¬
dence of placental dysfunction after birth.
There were no stillbirths or neonatal deaths
in this group of 48 patients and 1 patient
was delivered by Caesarean section.

Illustrative case history
Case 15 was a multigravida whose 2 previous

pregnancies had resulted in premature deliveries
and neonatal deaths. In the present pregnancy
cervical ligation was performed and the suture
was removed at 38 weeks. There was clinical evi¬
dence of placental insufficiency noted at 42 weeks
and the oestriol level was 3.7 mg. at this time.
Two days later the membranes ruptured spon¬
taneously and thick meconium-contaminated liquor
was seen. The foetal heart became irregular be¬
fore delivery. The infant weighed 2,940 g. at
birth and was resuscitated with some difficulty;
it did not appear to be placentally insufficient.
The placenta weighed 400 g. and contained several
infarcts.

6. Rhesus Immunization

There were 33 patients in this group
(figure 9); 10 had previously lost an infant
as a result of erythroblastosis and in the
present pregnancy all infants were Coombs
positive. In 16 patients the last oestriol
value had been obtained between 1 and 10
weeks before delivery and thus may have
had little relationship to the outcome of the
pregnancy. With other well-established
tests available, oestriol estimations to be of
clinical assistance in the management of the
rhesus immunized patient must show un¬
equivocally low and falling values when in-
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Figure 8. Urinary oestriol excretion in patients with prolonged pregnancies
in whom an oestriol value was obtained within 7 days of delivery. The last
oestriol value is correlated with the appearance of the liquor and is recorded
in those cases in which the foetus either had abnormal heart rates during
labour or showed the classical signs of placental insufficiency at birth; in the

case of the latter, the birth weights are shown in grammes.

trauterine foetal death due to erythroblas¬
tosis is imminent. In this series of 33

patients these requirements were not rea¬
lized. There were 3 stillbirths and 6 neo¬

natal deaths but in only 3 of these preg¬
nancies were the oestriol values below the
normal range. Furthermore, low values
were recorded in 3 patients whose infants
survived. We have observed that when the
placenta is large and the foetus hydropic,
the oestriol values may be within the nor¬
mal range.

7. Foetal Malformation

Five pregnancies were associated with
foetal abnormalities; anencephaly (2), mon¬
golism (2) and hydrocephalus (1). In each
case the foetus was alive at the time of oes¬

triol measurements and died during delivery
or within 5 days of birth. In one case of
anencephaly, studied at 27 weeks, the oes¬
triol value was 0.5 mg., and in the other,
studied at 33 weeks, the value was 4 mg.
These levels are 10-25% of the normal

expected at these periods of gestation. In
the 2 patients with mongol infants the
values were 8.4 mg. at 39 weeks and 8.8
mg. at 32 weeks. The patient with the
hydrocephalic infant had an oestriol value
of 6.2 mg. at 36 weeks and the foetus died
during delivery. In the patient with the
achondroplastic infant referred to earlier
(figure 5) the oestriol value was normal and
foetal death occurred during delivery at 24
weeks.
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Figure 9. Urinary oestriol excretion in 33 patients with rhesus immunization.
S.B. = stillbirth; N.N.D. = neonatal death. In those cases in which the
foetus died, the gestation at delivery is shown when this was more than 7

days after the last oestriol measurement.

8. Premature Rupture of Membranes
Results in 2 patients with premature rup¬

ture of the membranes have been included
in the group with antepartum haemorrhage;
in both, the oestriol values were low and

falling after the time of the rupture (figure
7). In the other 6 patients the following
oestriol values were recorded: (1) 14.2 mg.
at 32 weeks and 17.1 mg. at 33 weeks
(twin pregnancy), (2) 9.5 mg. at 33 weeks,
(3) 6.9 mg. at 33 weeks, (4) 5.8 mg. at 37
weeks (neonatal death), (5) 8.5 mg. at 39
weeks (foetal distress during labour), (6)
16.0 mg. at 40 weeks. Thus, in 4 of these
patients the oestriol values were below the
normal range.

9. Patients Treated with Cortisone Analogues
The 8 patients who were treated with

cortisone or its analogues during preg¬
nancy are assigned to a separate category
since these steroids were found to have a

depressing effect on oestrogen biosynthesis.
Although the effect was more marked on
the output of other urinary oestrogens, the
effect on oestriol was sufficient to warrant a

special interpretation of the values obtained
in this group. These findings are presented
in detail elsewhere (Smith et al., 1966).

10. Hydatidiform Mole
There were 3 patients in this group: 2 had

theca lutein cysts and their oestriol values
were 0.5 mg. at 13 weeks and 2.4 mg. at
19 weeks, respectively, these being the
periods of gestation at which they pre¬
sented; the third patient had a mole and
associated foetus, both of which had a tri-
ploid chromosome constitution; she pre¬
sented with severe pre-eclampsia and acute
heart failure at 23 weeks, at which time the
oestriol value was 1.6 mg. This case has
been reported elsewhere (Beischer et al.,
1966).

I
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In Case 6 the patient had sickle-cell
thalassaemia and extremely low oestriol
values; we have seen other patients with
thalassaemia minor and low oestriol ex¬

cretion although anaemia was the only ab¬
normal clinical finding.

An interesting finding in the patients
with poor obstetrical histories was that 14
of the 18 pregnancies under study yielded
living infants whereas the loss in previous
pregnancies was 82%. Many people be¬
lieve that psychiatric treatment is of benefit
to such patients. It could well be that the
repeated collections of urine and the as¬
surance that the oestriol levels were rising
normally were important factors in the
successful pregnancy rate.

Of 17 patients in whom a diagnosis of
placental insufficiency had been made on
clinical grounds, only 2 had insufficiency
as indicated by oestriol measurements.
This illustrates the difficulty in making the
diagnosis on clinical criteria.

In the patients with antepartum haem¬
orrhage, there were distinct differences in
the patterns of oestriol excretion between
those with placenta praevia and those with
other causes of haemorrhage. The patients
with placenta praevia all had normal oes¬
triol values, indicating that the bleeding
was not related to disturbed placental func¬
tion. However, the majority of the other
patients had low oestriol values at the time
of bleeding, and in some of these the values
increased later, sometimes markedly so.
This indicates that the bleeding in these
cases had caused placental damage which
was partly or completely reversible. Such
findings have not been reported before, and
a larger series of patients in this category
is now being investigated (Beischer et al.,
1966). It is believed that oestriol measure¬
ments have an important place in the man¬
agement of patients with antepartum haem¬
orrhage, particularly as a means of exclud¬
ing placental insufficiency in those patients
who might otherwise be discharged from
hospital after a mild episode of bleeding.

Further studies are being conducted in
the group of patients with prolonged preg¬
nancy. There is much controversy as to
whether prolonged pregnancy per se leads

to placental insufficiency and whether this
is the cause of the increased perinatal mor¬
tality. Little can be said from the present
series, but there was a tendency for the
oestriol levels to reach a maximum at 42
weeks and to fall thereafter, indicating a de¬
creasing placental function after that time.
The liquor was contaminated with mecon¬
ium in 21 of the 48 patients studied but
this was unrelated to the oestriol level.
It is considered that, when the decision to
perform Caesarean section because of this
sign of foetal distress is in doubt, the addi¬
tional evidence provided by a low oestriol
value would favour abdominal delivery.

The final major group of pregnancies
studied were those complicated by rhesus
immunization. The results presented are
preliminary and of an exploratory nature
only. In many cases, only a single oestriol
measurement was performed, often a con¬
siderable time before delivery, so that the
result had little relevance to the outcome

of the pregnancy. In contrast with the
other groups, many of the neonatal deaths
occurred in the presence of oestriol values
which were within the normal range. This
finding has been stressed by other workers
(Greene and Touchstone, 1963). However,
high values as reported in this condition
by Taylor et al. (1963) were not observed.

The findings of very low values in anen-
cephaly have been reported before (Frand-
sen and Stakemann, 1961, 1963; Coyle,
1962), and have provided important infor¬
mation on the role of the foetal adrenal in

oestrogen biosynthesis during pregnancy.
It is less commonly appreciated that other
foetal abnormalities such as mongolism
may cause a lowering of oestriol output,
although to a less marked extent than anen-
cephaly. Low and falling oestriol values
were also recorded in 6 of 8 patients at the
time of premature rupture of the mem¬
branes. The significance of this finding is
uncertain. Cassmer (1959) showed that
deliberate rupture of the membranes in nor¬
mal pregnancies did not affect oestriol out¬
put, providing the placenta was intact and
the foetus still alive. It is possible that in
spontaneous rupture of the membranes,
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Discussion

The main purpose of the present investi¬
gation was to determine the value of urin¬
ary oestriol measurements as an index of
foeto-placental function. The investiga¬
tion did not include patients with diabetes
mellitus, but the results in the other relevant
groups agreed with those reported by other
workers (Greene et al., 1965).

The main drawback to the general ap¬
plication of oestriol measurements in preg¬
nancy is that the analytical procedures avail¬
able have not been considered simple
enough for use in hospital routine labora¬
tories. The procedure by which the major¬
ity of the results reported here were ob¬
tained, was developed to overcome this
difficulty. The time stated for carrying out
the procedure has included cataloguing
the urines, measuring the volumes and cal¬
culating the results. The method requires
no special skills and has proved to be com¬
pletely reliable during the 18 months that
it has been in use; it is now being set up in
other centres in Australia, New Zealand
and Canada. A disadvantage of the test is
the need to collect 24-hour specimens of
urine. This delays the assay and is an
added burden to the nursing staff; further¬
more, errors in the collection of urine in¬
fluence the overall accuracy of the results.
Collection for shorter periods of time or
expressing the results in terms of urine
volume rather than time tend to obscure
the difference between normal and abnor¬
mal (Frandsen, 1963) and this also applies
to the measurement of oestrogens in blood
(Roy and Mackay, 1962). In practice, the
collection of 24-hour specimens of urine
has been accepted by the nursing staff and
there have been remarkably few occasions
in the present series in which there has been
doubt about the accuracy of the urine col¬
lections.

The normal mean values obtained from
14 to 41 weeks using Method 2 were in
close agreement with those reported from
Scotland using the longer and more specific
Method 1 (Coyle and Brown, 1963); they
also agreed with the mean normal values
reported from Copenhagen (Frandsen,

1963) and several other centres (Brown,
1964). The distribution of the results in
the present normal series was also prac¬
tically identical with that reported from
Scotland and Copenhagen. However, the
dividing line between normal and subnormal
has been drawn through a higher point (8
mg.) at 30 weeks than in any other series
except that reported from Montreal (Hob-
kirk et al., 1960). This line is important
in the interpretation of results and in de¬
ciding whether further oestriol measure¬
ments are required in a particular patient.
The location of the dividing line at 2 mg.
at 20 weeks, 8 mg. at 30 weeks and 12
mg. at 40 weeks is amply justified by the re¬
sults obtained in the complicated pregnan¬
cies presented here.

In the 121 patients in the first 2 groups
studied (hypertension-renal-toxaemia, and
poor obstetric history) no perinatal death
occurred after the 30th week when the
mother's excretion of oestriol remained
above 8 mg. at 30 weeks to 12 mg.
at 40 weeks. An almost identical statement

was made by Greene and Touchstone
(1963) from a larger series of patients. The
findings of such values can therefore pro¬
vide assurance that the foetus is in no im¬
mediate danger, and this is perhaps the
most useful information provided by the
test (Liggins and Evans, 1963). All the
deaths which occurred in these groups after
30 weeks were associated with abnormally
low oestriol values, and in those patients
in whom serial measurements were per¬
formed, the levels were falling before the
foetus died. On the other hand, equally low
values were also associated with foetal sur¬

vival (figure 3). However, in some of these
the values, although low, were rising
steadily. Another important finding in
these groups was that very low levels, of
the order of 2 mg. or less, were associated
with foetal death in utero. This has been
stressed by many workers. The test is
therefore a valuable aid in the diagnosis of
foetal death in utero, and is particularly
important in preventing errors when im¬
mediate induction of labour is practised in
this condition to avoid the development of
coagulation failure.
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placental insufficiency might be one of the
precipitating causes.

Very low oestrogen values for the period
of gestation have been reported in hydatidi-
form mole and since the proportion of oes-
triol to other urinary oestrogens was not as
high as in normal pregnancies, it was pos¬
tulated that the oestrogens were being
derived from the ovaries which were being
stimulated by the excessive amounts of
chorionic gonadotrophin being produced
(Frandsen and Stakemann, 1964). In our

patient with co-existing foetus and mole
the oestrogen levels at 23 weeks were: oes-
triol 1.6 mg., oestrone 0.04 mg. and oes-
tradiol 0.03 mg.; the figure for oestriol is
low for 23 weeks, but the ratios of oestriol
to oestrone and oestriol to oestradiol were

normal for pregnancy, suggesting that the
foetus and placenta, rather than the ovaries,
were the source of oestrogens in this case.

As a result of the present study, the fol¬
lowing general conclusions regarding oes¬
triol measurements during pregnancy can
be drawn. The finding of values well with¬
in the normal range for the period of gesta¬
tion provides reassurance that the foetus
is in no immediate danger. Further meas¬
urements are usually unnecessary unless
there are clinical signs of deterioration. The
finding of oestriol values which are near to
or below the lower limits of normal (8 mg.
at 30 weeks, 12 mg. at 40 weeks) rein¬
forces the concern for the foetus indicated
by clinical criteria. Serial assays are then
required to determine the progress of
placental function. The finding of rising
levels is assurance that placental function
is increasing, and conversely, falling levels
warn that placental function is deteriorat¬
ing. It is necessary to differentiate between
a true rise or fall since the normal daily
variation may be ± 40% (P = 0.05)
(Frandsen, 1963; Brown, 1964). This is
a maximum figure and in practice the daily
variation is usually much less. Neverthe¬
less, to detect a real rise or fall in placental
function at least 3 consecutive urine speci¬
mens are usually required. The frequency
of the assay depends on the anxiety evoked
by the clinical findings or earlier trends in

the oestriol levels. For practical purposes,
two or three assays per week performed on
Mondays and Thursdays, or Mondays,
Wednesdays and Fridays to suit the running
of the laboratory, will provide the desired
information. In the patients in this series
in whom foetal death occurred, the oestriol
values provided warning sufficiently in ad¬
vance to be detected by this regime. The
characteristic pattern of oestriol excretion
in foetal death in utero was a low and fall¬

ing level followed by a rapid fall to below
2 mg. after death occurred. Although the
oestriol figures gave the correct prognosis
in such cases the information was of little
value in saving the foetus since many of
the deaths occurred before 32 weeks of

gestation. In the present study, the oestriol
figure was generally ignored when deciding
treatment. However, now that the test has
been shown to be a valuable guide in the
management of pregnancy, the next step
is to set up the measurement as a routine
procedure and determine whether, by its
use, perinatal mortality and unnecessary
prematurity can be reduced.

Summary
The urinary oestriol excretion in 265

patients with complicated pregnancies (30
perinatal deaths) and 211 normal preg¬
nancies is presented.

In the 70 patients with oestriol values
below the normal range there were 21
foetal deaths, and 6 of the 49 surviving in¬
fants showed placental insufficiency. Ery¬
throblastosis was the cause of 6 of the 9
deaths which occurred in patients with nor¬
mal oestriol values.

Low oestriol excretion was present in the
majority of patients with impending intra¬
uterine death and therefore the test is of
value in selection of the optimum time for
termination of such pregnancies. However,
low oestriol excretion did not always sig¬
nify that an infant at birth would appear
placentally insufficient nor did a normal
oestriol value exclude the possibility that
an infant would exhibit this syndrome.

In 121 patients with hypertension, pre¬
eclampsia, renal disease and poor ob-
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The excretion of oestriol in the maternal
urine increases approximately a thousand¬
fold from conception to term. During the
first weeks of pregnancy, the oestriol is de¬
rived from the metabolism of oestrone and
oestradiol produced by the corpus luteum.
Later, the placenta becomes the major site
of oestrogen production, and synthesises
oestriol as well as oestrone, oestradiol and
other oestrogens. From this time, the urin¬
ary oestriol is derived in two ways—directly
from placental oestriol and indirectly from
the metabolism of the other oestrogens.
The placenta, in turn, derives many of the
steroid precursors required for oestrogen
synthesis from other sites, the most import¬
ant being the foetus. The levels of oestriol
in the urine therefore reflect the combined
functional capacity of the foeto-placental
unit.

The value of oestriol determinations as

a measure of placental function and foetal
well-being has been reported by many
workers and the subject has recently been
reviewed by Greene et al. (1965). It is
generally agreed that the test is useful in
the management of pregnancies complicated
by placental dysfunction, particularly after
33 weeks of gestation when intrauterine
foetal death may be prevented by termina¬
tion of the pregnancy.

The present paper describes our experi¬
ence with the test performed on 265 patients
presenting with complicated pregnancies
during the 2-year period ending October,

* McLaughlin Fellow. Present address: Depart¬
ment of Obstetrics and Gynecology, Dalhousie
University, Halifax, Nova Scotia.

1965. Most of these patients were man¬
aged in the Professorial Unit, but the series
includes material referred from other ob¬
stetrical units within the Royal Women's
Hospital.

Methods

During the early part of the investigation,
oestriol was measured by the method of
Brown and Coyle (1963) employing
methylation and alumina chromatography
(Method 1). This method is specific for
oestriol but permits only 6 analyses to be
completed by each worker in a day. It
was later superseded by a method based on
a semi-automatic partition apparatus which
processes 12 samples of urine at one time
to a stage where the extracts are suitable
for colorimetry by the Kober reaction
(Method 2). By this method, 12 analyses
can be completed in less than 3 hours and
one worker can perform 24 or 36 measure¬
ments in a working day. The procedure is
not completely specific for oestriol, but in
a comparison with the earlier method, the
mean ratio and standard deviation of re¬

sults Method 2/Method 1 was 1.07 ±0.18
for 96 urines containing between 1 and 10
mg. of oestrogen per 24 hours and
1.01 ± 0.13 for 125 urines containing more
than 10 mg. per 24 hours (Brown et al.,
1966). The values obtained by the 2
methods are therefore comparable and
have been pooled in this report. All the
values in the normal series were obtained
by Method 2.

Urines were collected over 24-hour
periods and completeness of the collection
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was checked by creatinine and/or specific
gravity measurements. Results are ex¬
pressed as mg. of oestriol excreted per 24-
hour urine specimen and are uncorrected
for method losses which amount to approxi¬
mately 30%.
Patients

The 265 patients studied were classified
as follows:

hypertension, pre-eclampsia, and chronic
renal disease (103), poor obstetrical his¬
tory (18), placental insufficiency diag¬
nosed clinically (17), antepartum haem¬
orrhage (24), prolonged pregnancy (48),

rhesus immunization (33), foetal mal¬
formation (5), premature rupture of
membranes (6), treatment with cortisone
analogues (8), and hydatidiform mole
(3).

Patients who could have been assigned to
more than one category have been placed
in the most relevant and have been referred
to only once. The group results are sum¬
marized in the figures and detailed informa¬
tion on individuals is given in only a few
cases to illustrate important points. In
general, treatment of the patient was not
influenced by the oestriol value.

WEEKS OF GESTATION
Figure 1. Urinary oestriol values in 211 women with normal pregnancies.
The solid line represents the fitted mean values and the dotted line joins

the minimum values (P < 0.005).
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Normal Values

Differences have been reported in the
oestriol excretion levels by workers in dif¬
ferent centres. It was therefore necessary
to accumulate our own normal values for
uncomplicated pregnancies. The patients
for the normal series were all seen before
13 weeks of gestation to ensure that their
dates correlated with the size of the uterus.
Oestriol assays were performed at approxi¬
mately 18, 30 and 40 weeks and only those
women who proceeded uneventfully to term
and delivered a normal live infant have
been included; 425 determinations were per¬
formed on 211 women, and the results are
shown in figure 1. The mean values at
16-20, 28-32 and 38-41 weeks were 4.4,
13.0 and 26.1 mg., respectively. A fitted
curve joining these and other mean points
is shown in figure 1. For the management
of patients with complicated pregnancies
after the 30th week it is necessary to be
able to delineate the levels associated with

placental dysfunction from the lower limits
of normal. Only 4 women out of 81 had
oestriol values below 2 mg. at 16-20 weeks,
6 out of 113 had values below 8 mg. at
28-32 weeks, and 1 out of 66 had an oes¬
triol value below 12 mg. at 38-41 weeks.
A line joining these points has therefore
been taken as a convenient division be¬
tween normal and subnormal and has been
included in all the figures to assist in inter¬
pretation.

Results
There has been no attempt to relate the

oestriol values with the severity of the ob¬
stetrical abnormality present, although cor¬
relations of this type have been reported
(Lenters, 1958). The emphasis has been
on correlating the oestriol values with the
outcome of the pregnancies in terms of
perinatal mortality, in this respect it was
important that knowledge of the oestriol
value should not influence the management
of the patient.
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Figure 3. Urinary oestriol excretion in 23 patients with hypertension, pre¬
eclampsia, and renal disease who had surviving infants and oestriol values

below the lower limits of normal.

This group consisted of 61 patients hav¬
ing hypertension with or without renal dis¬
ease, 35 with pre-eclampsia and 7 with
chronic renal disease without hypertension.
These conditions were grouped together
since they tended to occur in the same
patients.

Figure 2 shows the results in the 73
patients who had oestriol values which were
above the line joining 8 mg. per 24 hours
at 30 weeks and 12 mg. at 40 weeks. Not
one intrauterine or neonatal death occurred
in this group which included 28 patients
with pre-eclampsia (14 with proteinuria)
and 7 others with hypertension of 170/
110 or above. Meconium-stained liquor
was noted in 19 of the 73 patients and 5
infants showed evidence of placental insuf¬
ficiency. The placenta weighed 350 g. or
less in 4 patients.

Oestriol values below the lower limits of
normal were recorded in the remaining 30
patients. Of the 23 patients with surviving

infants (figure 3), 5 had severe pre-eclamp¬
sia, and 7 others had hypertension of 170/
110 or above. Three infants appeared
placentally insufficient. The placenta
weighed 350 g. or less in 8 patients. Of
the 7 patients in whom perinatal death oc¬
curred (figure 4), 2 had severe pre-eclamp¬
sia and another 2 had hypertension above
170/110. The placenta weighed less than
350 g. in 6 of these patients.

1. Hypertension, Pre-eclampsia and Renal Disease
Illustrative case histories—foetal survival (figure

3).
Case 1 was a multigravida who had required

induction of labour at 36 weeks in her previous
pregnancy because of pre-eclampsia. She had
chronic renal disease, a blood pressure of 155/105
and a blood urea of 51 mg. per 100 ml. The
creatinine and urea clearances were both only
25% of normal. Oestriol assays were commenced
at 29 weeks; the values were low but increased
satisfactorily until 31 weeks when there was a
sudden progressive fall to less than 2 mg.; follow¬
ing this the membranes were ruptured and a
2,310 g. infant was born vaginally. Vaginal cyto¬
logy had suggested the presence of placental in-
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Figure 4. Urinary oestriol excretion in 7 patients with hypertension, pre¬
eclampsia, and renal disease in whom low values were associated with peri¬
natal deaths. F.D.I.U. = foetal death in utero; N.N.D. = neonatal death.
The gestation at delivery is shown when this was more than 7 days after the

oestriol measurement.

sufficiency but the appearance of the baby did
not support this diagnosis.

Case 2 was a multigravida with chronic pyelone¬
phritis, a blood pressure of 140/90 and a blood
urea which remained over 80 mg. per 100 ml.
from 20 weeks. Oestriol assays were commenced
at 23 weeks; the values were low but increased
steadily and reached 10.6 mg. at 36 weeks when
last measured. At 38 weeks the membranes were

ruptured and the patient was delivered of a 2,580
g. infant.

Case 3 was a multigravida with mild hyper¬
tension. As there was no clinical evidence of
placental insufficiency the very low oestriol value
of 1.9 mg. at 38 weeks was unexpected; at 39
weeks the value was still 1.9 mg. and at 40 weeks
it had risen slightly, to 3.3 mg. Labour was
induced and a 3,200 g. baby was born unevent¬
fully. At birth there was no obvious signs of
placental insufficiency but later the baby failed
to suck, was very hypotonic and now shows evi¬
dence of cerebral damage.

Case 4 was a multigravida who was admitted
to hosnital at 33 weeks with a blood pressure of
150/100, proteinuria (4 g./l.) and the clinical
features of placental insufficiency. The oestriol
values were 6.0 mg. at 36 weeks and 2.5 mg. at

37 weeks. At 37.5 weeks prolapse of the cord
occurred during amniotomy and the patient was
delivered by Caesarean section of a 1,080 g. infant
which appeared to be placentally insufficient. The
placenta weighed 170 g.

Case 5 had a blood pressure of 180/110 which
subsided to 150/100 with hypotensive therapy.
Placental insufficiency was diagnosed on clinical
evidence at 29 weeks. The oestriol value was 7.2
mg. at 30 weeks and increased to 14.2 mg. at 37
weeks. Rupture of the membranes was performed
at 38 weeks and 10 ml. of clear liquor was
obtained. A 2,580 g. infant was born uneventfully
and the placenta weighed 450 g.

Case 6 was an Italian primigravida with sickle-
cell thalassaemia and mild pre-eclampsia. A
3,000 ml. blood transfusion was given at 24 weeks
because the haemoglobin had fallen from 8.0 to
3.7 g. per 100 ml. Oestriol values were 4.5 mg.
at 33 weeks, 2.3 mg. at 35 weeks and 6.9 mg.
at 36 weeks. Clear amniotic fluid was obtained
when the membranes were ruptured at 37 weeks.
Incoordinate labour developed and the patient
was delivered by Caesarean section of a 1.980 g.
infant which appeared placentally insufficient. The
placenta weighed 300 g. This case has previously
been reported (Sternberg, 1965).
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Illustrative case histories—foetal death {figure 4).
Case 7 was a 32-year-old woman with a past

history of 12 pregnancies and only one living
child. Complete investigation revealed nothing
except a blood pressure of 150/100. The oestriol
values were low at 22 weeks, rose slowly till 26
weeks then fell abruptly to less than 1 mg. and
foetal death in utero occurred. The foetus and
placenta weighed 800 g. and 100 g. respectively.

Case 8 had a blood pressure of 160/95 at 16
weeks and was given hypotensive therapy until
term. The baby was still alive at 40 weeks at
which time the oestriol value was only 4.2 mg.;
nothing further was done and foetal death in
utero occurred approximately 10 days later. The
foetus weighed 2,300 g. and the placenta, which
was grossly infarcted, weighed 320 g.

Case 9 was a 20-year-old multigravida who had
had a normal term pregnancy one year previously.
In the present pregnancy there was clinical evi¬
dence of placental insufficiency at 33 weeks when
hypertension and proteinuria developed. The
oestriol values from 30 weeks onwards were very
low. Caesarean section was performed at 35
weeks; there was no amniotic fluid and the
placenta was fibrotic and weighed 150 g. The
infant weighed 1,195 g. at birth and died 60 hours
later from haemorrhagic disease.

2. Poor obstetrical history
The results obtained in the 18 patients

with poor obstetrical histories are shown

in figure 5. Together, these women had
had 53 past pregnancies yielding only 9
live babies; there had been 15 foetal deaths
in utero between 28 and 43 weeks, 14
abortions, 12 premature births, 2 neo¬
natal deaths from placental insufficiency,
and 1 ectopic pregnancy. The 18 preg¬
nancies under investigation resulted in 14
surviving infants and 4 intrauterine foetal
deaths between 24 and 32 weeks.

The oestriol values were normal in 13 of
the 14 patients with living infants and in
the patient with an achondroplastic baby
which died during delivery; low and falling
levels were found in the other 3 patients
with intrauterine foetal deaths. Low but
rising oestriol values were found in the
other pregnancy in which the foetus sur¬
vived.

Illustrative case histories
Case 10 had had severe pre-eclampsia and

foetal deaths in her previous 2 pregnancies. In
the present pregnancy movements were felt at 19
weeks and hydramnios occurred at 22 weeks but
seemed to disappear at 30 weeks. Investigations

40r

Figure 5. Urinary oestriol excretion in 18 patients with poor obstetrical
histories. F.D.I.U. = foetal death in utero; S.B. = death during delivery.
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were normal. The oestriol values rose steadily
from 3.7 mg. at 18 weeks to reach over 9 mg.
between 26 and 29 weeks and then fell to 5 mg.
at 31 weeks; at 32 weeks the values were still at
this level and foetal death occurred during the
32nd week; there had been no clinical evidence
of placental insufficiency. The foetus weighed
2,440 g. and the placenta 450 g.

Case 11 had had 3 previous foetal deaths in
utero; apart from the patient being apprehensive
no factor could be found to account for these.
There was clinical evidence of severe placental in¬
sufficiency in the present pregnancy. The oestriol
value was 4.9 mg. at 18 weeks but failed to in¬
crease thereafter and began to fall after 25 weeks;
by 26 weeks it had reached 2.4 mg. and foetal
death in utero occurred at approximately this
time. The foetus weighed 750 g. and the placenta
120 g.

3. Placental Insufficiency Diagnosed Clinically
The results obtained in the 17 patients in

whom a diagnosis of placental insufficiency
was made clinically are shown in figure 6.
The most common criteria used in the diag¬
nosis were: poor uterine growth (9 patients),
no weight gain or actual weight loss (10
patients), and oligo-hydramnios (3 patients).
Labour was induced by artificial rupture
of the membranes in 3 patients, an elective
Caesarean section was performed in 2, and
spontaneous onset of labour occurred in the
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Figure 6. Urinary oestriol excretion in 17 patients
with the clinical diagnosis of placental insuffici¬

ency.

other 12. All the infants in this group sur¬
vived and only 1 appeared placentally in¬
sufficient at birth. Two patients had oes¬
triol values below normal.

Illustrative case histories
Case 12 was a multigravida who failed to gain

weight for 12 weeks and then reported sluggish
foetal movements. The oestriol value at 39 weeks
was 8.5 mg. The membranes were ruptured at 40
weeks and no amniotic fluid was obtained. The
foetal heart became irregular and Caesarean sec¬
tion was performed. The infant weighed 2,100 g.
and appeared placentally insufficient.

Case 13 was to have had a repeat Caesarean
section but there was uncertainty about her dates.
The oestriol levels were measured from 37 weeks
and although they were somewhat low, they were
rising steadily. The Caesarean section was per¬
formed at 40 weeks as originally planned and
the 2,170 g. baby showed the clinical appearance
of about 35 weeks' maturity.
4. Antepartum Haemorrhage

This group consisted of 24 patients who
had had antepartum haemorrhage after
20 weeks (figure 7). Six patients had
placenta praevia and in these the oestriol
values were normal. The remaining 18
patients on retrospective analysis were sub¬
divided into the following groups: accidental
haemorrhage 6, circumvallate placenta 4,
and cause unknown 8. Four of the infants
were lost in this mixed group. It should
be emphasised that the haemorrhages were
mild in these patients — otherwise con¬
servative therapy would have been contra-
indicated—and there would not have been
time to perform the assays. Furthermore,
some patients were discharged soon after
the episode of bleeding and in these only
1 or 2 urine collections were made. In
contrast with the patients with placenta
praevia, many of these patients had oestriol
values below the normal level.

Illustrative case history
Case 14 was a multigravida presenting with

mild vaginal bleeding at 35 weeks; the foetal heart
sounds were present but the oestriol level was
only 3.1 mg.; the foetus died in utero 2 days
later. The foetus weighed 2,550 g.; the placenta
weighed 500 g. and appeared normal.
5. Prolonged Pregnancy

Prolonged pregnancy was defined as a
period of gestation of 42 weeks or more.
Figure 8 shows the oestriol values in the
48 patients whose dates were considered
to be correct and in whom the last oestriol
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Figure 7. Urinary oestriol excretion in 24 patients with an antepartum
haemorrhage. F.D.I.U. = foetal death in utero; S.B. := death during delivery;
N.N.D. = neonatal death; P.R.M. = premature rupture of the membranes.
In those cases in which the foetus died, the gestation at delivery is shown

when this was more than 7 days after the last oestriol measurement.

analysis had been performed within 7 days
of delivery.

In 21 patients only 1 oestriol estimation
was performed and in 3 of these the value
was below 12 mg. Thirteen of the remain¬
ing 27 patients showed decreasing oestriol
values after 42 weeks and in 5 the levels
fell below 12 mg. 'There was thus a tendency
for the oestriol values to reach a maximum
at approximately 42 weeks and then to fall,
suggesting a declining placental function
after this time. There was no correlation
between low oestriol values and the pre¬
sence of meconium in the liquor, but there
was a tendency for foetal distress to be
more common in patients with low oestriol
values. Four infants showed unequivocal
evidence of placental insufficiency and the
oestriol values were low in 2 of them. It
would seem that the foetus in jeopardy dur¬
ing labour, even when the oestriol value
approaches the level characteristic of intra¬
uterine death, may not show clinical evi¬
dence of placental dysfunction after birth.
There were no stillbirths or neonatal deaths
in this group of 48 patients and 1 patient
was delivered by Caesarean section.

Illustrative case history
Case 15 was a multigravida whose 2 previous

pregnancies had resulted in premature deliveries
and neonatal deaths. In the present pregnancy
cervical ligation was performed and the suture
was removed at 38 weeks. There was clinical evi¬
dence of placental insufficiency noted at 42 weeks
and the oestriol level was 3.7 mg. at this time.
Two days later the membranes ruptured spon¬
taneously and thick meconium-contaminated liquor
was seen. The foetal heart became irregular be¬
fore delivery. The infant weighed 2,940 g. at
birth and was resuscitated with some difficulty;
it did not appear to be placentally insufficient.
The placenta weighed 400 g. and contained several
infarcts.

6. Rhesus Immunization

There were 33 patients in this group
(figure 9); 10 had previously lost an infant
as a result of erythroblastosis and in the
present pregnancy all infants were Coombs
positive. In 16 patients the last oestriol
value had been obtained between 1 and 10
weeks before delivery and thus may have
had little relationship to the outcome of the
pregnancy. With other well-established
tests available, oestriol estimations to be of
clinical assistance in the management of the
rhesus immunized patient must show un¬
equivocally low and falling values when in-
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Figure 8. Urinary oestriol excretion in patients with prolonged pregnancies
in whom an oestriol value was obtained within 7 days of delivery. The last
oestriol value is correlated with the appearance of the liquor and is recorded
in those cases in which the foetus either had abnormal heart rates during
labour or showed the classical signs of placental insufficiency at birth; in the

case of the latter, the birth weights are shown in grammes.

trauterine foetal death due to erythroblas¬
tosis is imminent. In this series of 33
patients these requirements were not rea¬
lized. There were 3 stillbirths and 6 neo¬

natal deaths but in only 3 of these preg¬
nancies were the oestriol values below the
normal range. Furthermore, low values
were recorded in 3 patients whose infants
survived. We have observed that when the

placenta is large and the foetus hydropic,
the oestriol values may be within the nor¬
mal range.

7. Foetal Malformation

Five pregnancies were associated with
foetal abnormalities: anencephaly (2), mon¬
golism (2) and hydrocephalus (1). In each
case the foetus was alive at the time of oes¬

triol measurements and died during delivery
or within 5 days of birth. In one case of
anencephaly, studied at 27 weeks, the oes¬
triol value was 0.5 mg., and in the other,
studied at 33 weeks, the value was 4 mg.
These levels are 10-25% of the normal

expected at these periods of gestation. In
the 2 patients with mongol infants the
values were 8.4 mg. at 39 weeks and 8.8
mg. at 32 weeks. The patient with the
hydrocephalic infant had an oestriol value
of 6.2 mg. at 36 weeks and the foetus died
during delivery. In the patient with the
achondroplastic infant referred to earlier
(figure 5) the oestriol value was normal and
foetal death occurred during delivery at 24
weeks.
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Figure 9. Urinary oestriol excretion in 33 patients with rhesus immunization.
S.B. z= stillbirth; N.N.D. = neonatal death. In those cases in which the
foetus died, the gestation at delivery is shown when this was more than 7

days after the last oestriol measurement.

8. Premature Rupture of Membranes
Results in 2 patients with premature rup¬

ture of the membranes have been included
in the group with antepartum haemorrhage;
in both, the oestriol values were low and

falling after the time of the rupture (figure
7). In the other 6 patients the following
oestriol values were recorded: (1) 14.2 mg.
at 32 weeks and 17.1 mg. at 33 weeks
(twin pregnancy), (2) 9.5 mg. at 33 weeks,
(3) 6.9 mg. at 33 weeks, (4) 5.8 mg. at 37
weeks (neonatal death), (5) 8.5 mg. at 39
weeks (foetal distress during labour), (6)
16.0 mg. at 40 weeks. Thus, in 4 of these
patients the oestriol values were below the
normal range.

9. Patients Treated with Cortisone Analogues
The 8 patients who were treated with

cortisone or its analogues during preg¬
nancy are assigned to a separate category
since these steroids were found to have a

depressing effect on oestrogen biosynthesis.
Although the effect was more marked on
the output of other urinary oestrogens, the
effect on oestriol was sufficient to warrant a

special interpretation of the values obtained
in this group. These findings are presented
in detail elsewhere (Smith et al., 1966).

10. Hydatidiform Mole
There were 3 patients in this group: 2 had

theca lutein cysts and their oestriol values
were 0.5 mg. at 13 weeks and 2.4 mg. at
19 weeks, respectively, these being the
periods of gestation at which they pre¬
sented; the third patient had a mole and
associated foetus, both of which had a tri-
ploid chromosome constitution; she pre¬
sented with severe pre-eclampsia and acute
heart failure at 23 weeks, at which time the
oestriol value was 1.6 mg. This case has
been reported elsewhere (Beischer et al.,
1966).
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In Case 6 the patient had sickle-cell
thalassaemia and extremely low oestriol
values; we have seen other patients with
thalassaemia minor and low oestriol ex¬

cretion although anaemia was the only ab¬
normal clinical finding.

An interesting finding in the patients
with poor obstetrical histories was that 14
of the 18 pregnancies under study yielded
living infants whereas the loss in previous
pregnancies was 82%. Many people be¬
lieve that psychiatric treatment is of benefit
to such patients. It could well be that the
repeated collections of urine and the as¬
surance that the oestriol levels were rising
normally were important factors in the
successful pregnancy rate.

Of 17 patients in whom a diagnosis of
placental insufficiency had been made on
clinical grounds, only 2 had insufficiency
as indicated by oestriol measurements.
This illustrates the difficulty in making the
diagnosis on clinical criteria.

In the patients with antepartum haem¬
orrhage, there were distinct differences in
the patterns of oestriol excretion between
those with placenta praevia and those with
other causes of haemorrhage. The patients
with placenta praevia all had normal oes¬
triol values, indicating that the bleeding
was not related to disturbed placental func¬
tion. However, the majority of the other
patients had low oestriol values at the time
of bleeding, and in some of these the values
increased later, sometimes markedly so.
This indicates that the bleeding in these
cases had caused placental damage which
was partly or completely reversible. Such
findings have not been reported before, and
a larger series of patients in this category
is now being investigated (Beischer et al.,
1966). It is believed that oestriol measure¬
ments have an important place in the man¬
agement of patients with antepartum haem¬
orrhage, particularly as a means of exclud¬
ing placental insufficiency in those patients
who might otherwise be discharged from
hospital after a mild episode of bleeding.

Further studies are being conducted in
the group of patients with prolonged preg¬
nancy. There is much controversy as to
whether prolonged pregnancy per se leads

to placental insufficiency and whether this
is the cause of the increased perinatal mor¬
tality. Little can be said from the present
series, but there was a tendency for the
cestriol levels to reach a maximum at 42
weeks and to fall thereafter, indicating a de¬
creasing placental function after that time.
The liquor was contaminated with mecon¬
ium in 21 of the 48 patients studied but
this was unrelated to the oestriol level.
It is considered that, when the decision to
perform Caesarean section because of this
sign of foetal distress is in doubt, the addi¬
tional evidence provided by a low oestriol
value would favour abdominal delivery.

The final major group of pregnancies
studied were those complicated by rhesus
immunization. The results presented are
preliminary and of an exploratory nature
only. In many cases, only a single oestriol
measurement was performed, often a con¬
siderable time before delivery, so that the
result had little relevance to the outcome

of the pregnancy. In contrast with the
other groups, many of the neonatal deaths
occurred in the presence of oestriol values
which were within the normal range. This
finding has been stressed by other workers
(Greene and Touchstone, 1963). However,
high values as reported in this condition
by Taylor et al. (1963) were not observed.

The findings of very low values in anen-
cephaly have been reported before (Frand-
sen and Stakemann, 1961, 1963; Coyle,
1962), and have provided important infor¬
mation on the role of the foetal adrenal in

oestrogen biosynthesis during pregnancy.
It is less commonly appreciated that other
foetal abnormalities such as mongolism
may cause a lowering of oestriol output,
although to a less marked extent than anen-
cephaly. Low and falling oestriol values
were also recorded in 6 of 8 patients at the
time of premature rupture of the mem¬
branes. The significance of this finding is
uncertain. Cassmer (1959) showed that
deliberate rupture of the membranes in nor¬
mal pregnancies did not affect oestriol out¬
put, providing the placenta was intact and
the foetus still alive. It is possible that in
spontaneous rupture of the membranes,
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Discussion

The main purpose of the present investi¬
gation was to determine the value of urin¬
ary oestriol measurements as an index of
foeto-placental function. The investiga¬
tion did not include patients with diabetes
mellitus, but the results in the other relevant
groups agreed with those reported by other
workers (Greene et al., 1965).

The main drawback to the general ap¬
plication of oestriol measurements in preg¬
nancy is that the analytical procedures avail¬
able have not been considered simple
enough for use in hospital routine labora¬
tories. The procedure by which the major¬
ity of the results reported here were ob¬
tained, was developed to overcome this
difficulty. The time stated for carrying out
the procedure has included cataloguing
the urines, measuring the volumes and cal¬
culating the results. The method requires
no special skills and has proved to be com¬
pletely reliable during the 18 months that
it has been in use; it is now being set up in
other centres in Australia, New Zealand
and Canada. A disadvantage of the test is
the need to collect 24-hour specimens of
urine. This delays the assay and is an
added burden to the nursing staff; further¬
more, errors in the collection of urine in¬
fluence the overall accuracy of the results.
Collection for shorter periods of time or
expressing the results in terms of urine
volume rather than time tend to obscure
the difference between normal and abnor¬
mal (Frandsen, 1963) and this also applies
to the measurement of oestrogens in blood
(Roy and Mackay, 1962). In practice, the
collection of 24-hour specimens of urine
has been accepted by the nursing staff and
there have been remarkably few occasions
in the present series in which there has been
doubt about the accuracy of the urine col¬
lections.

The normal mean values obtained from
14 to 41 weeks using Method 2 were in
close agreement with those reported from
Scotland using the longer and more specific
Method 1 (Coyle and Brown, 1963); they
also agreed with the mean normal values
reported from Copenhagen (Frandsen,

1963) and several other centres (Brown,
1964). The distribution of the results in
the present normal series was also prac¬
tically identical with that reported from
Scotland and Copenhagen. However, the
dividing line between normal and subnormal
has been drawn through a higher point (8
mg.) at 30 weeks than in any other series
except that reported from Montreal (Hob-
kirk et al., 1960). This line is important
in the interpretation of results and in de¬
ciding whether further oestriol measure¬
ments are required in a particular patient.
The location of the dividing line at 2 mg.
at 20 weeks, 8 mg. at 30 weeks and 12
mg. at 40 weeks is amply justified by the re¬
sults obtained in the complicated pregnan¬
cies presented here.

In the 121 patients in the first 2 groups
studied (hypertension-renal-toxaemia, and
poor obstetric history) no perinatal death
occurred after the 30th week when the
mother's excretion of oestriol remained
above 8 mg. at 30 weeks to 12 mg.
at 40 weeks. An almost identical statement
was made by Greene and Touchstone
(1963) from a larger series of patients. The
findings of such values can therefore pro¬
vide assurance that the foetus is in no im¬
mediate danger, and this is perhaps the
most useful information provided by the
test (Liggins and Evans, 1963). All the
deaths which occurred in these groups after
30 weeks were associated with abnormally
low oestriol values, and in those patients
in whom serial measurements were per¬
formed, the levels were falling before the
foetus died. On the other hand, equally low
values were also associated with foetal sur¬

vival (figure 3). However, in some of these
the values, although low, were rising
steadily. Another important finding in
these groups was that very low levels, of
the order of 2 mg. or less, were associated
with foetal death in utero. This has been
stressed by many workers. The test is
therefore a valuable aid in the diagnosis of
foetal death in utero, and is particularly
important in preventing errors when im¬
mediate induction of labour is practised in
this condition to avoid the development of
coagulation failure.
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placental insufficiency might be one of the
precipitating causes.

Very low oestrogen values for the period
of gestation have been reported in hydatidi-
form mole and since the proportion of oes-
triol to other urinary oestrogens was not as
high as in normal pregnancies, it was pos¬
tulated that the oestrogens were being
derived from the ovaries which were being
stimulated by the excessive amounts of
chorionic gonadotrophin being produced
(Frandsen and Stakemann, 1964). In our

patient with co-existing foetus and mole
the oestrogen levels at 23 weeks were: oes-
triol 1.6 mg., oestrone 0.04 mg. and oes-
tradiol 0.03 mg.; the figure for oestriol is
low for 23 weeks, but the ratios of oestriol
to oestrone and oestriol to oestradiol were

normal for pregnancy, suggesting that the
foetus and placenta, rather than the ovaries,
were the source of oestrogens in this case.

As a result of the present study, the fol¬
lowing general conclusions regarding oes¬
triol measurements during pregnancy can
be drawn. The finding of values well with¬
in the normal range for the period of gesta¬
tion provides reassurance that the foetus
is in no immediate danger. Further meas¬
urements are usually unnecessary unless
there are clinical signs of deterioration. The
finding of oestriol values which are near to
or below the lower limits of normal (8 mg.
at 30 weeks, 12 mg. at 40 weeks) rein¬
forces the concern for the foetus indicated
by clinical criteria. Serial assays are then
required to determine the progress of
placental function. The finding of rising
levels is assurance that placental function
is increasing, and conversely, falling levels
warn that placental function is deteriorat¬
ing. It is necessary to differentiate between
a true rise or fall since the normal daily
variation may be ± 40% (P = 0.05)
(Frandsen, 1963; Brown, 1964). This is
a maximum figure and in practice the daily
variation is usually much less. Neverthe¬
less, to detect a real rise or fall in placental
function at least 3 consecutive urine speci¬
mens are usually required. The frequency
of the assay depends on the anxiety evoked
by the clinical findings or earlier trends in

the oestriol levels. For practical purposes,
two or three assays per week performed on
Mondays and Thursdays, or Mondays,
Wednesdays and Fridays to suit the running
of the laboratory, will provide the desired
information. In the patients in this series
in whom foetal death occurred, the oestriol
values provided warning sufficiently in ad¬
vance to be detected by this regime. The
characteristic pattern of oestriol excretion
in foetal death in utero was a low and fall¬
ing level followed by a rapid fall to below
2 mg. after death occurred. Although the
oestriol figures gave the correct prognosis
in such cases the information was of little
value in saving the foetus since many of
the deaths occurred before 32 weeks of
gestation. In the present study, the oestriol
figure was generally ignored when deciding
treatment. However, now that the test has
been shown to be a valuable guide in the
management of pregnancy, the next step
is to set up the measurement as a routine
procedure and determine whether, by its
use, perinatal mortality and unnecessary
prematurity can be reduced.

Summary
The urinary oestriol excretion in 265

patients with complicated pregnancies (30
perinatal deaths) and 211 normal preg¬
nancies is presented.

In the 70 patients with oestriol values
below the normal range there were 21
foetal deaths, and 6 of the 49 surviving in¬
fants showed placental insufficiency. Ery¬
throblastosis was the cause of 6 of the 9
deaths which occurred in patients with nor¬
mal oestriol values.

Low oestriol excretion was present in the
majority of patients with impending intra¬
uterine death and therefore the test is of
value in selection of the optimum time for
termination of such pregnancies. However,
low oestriol excretion did not always sig¬
nify that an infant at birth would appear
placentally insufficient nor did a normal
oestriol value exclude the possibility that
an infant would exhibit this syndrome.

In 121 patients with hypertension, pre¬
eclampsia, renal disease and poor ob-
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stetrical histories no infant was lost after
30 weeks either in utero or in the neonatal
period when the oestriol excretion remained
in the normal range.
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COURSES FOR M.R.C.O.G. EXAMINATION
IN AUSTRALIA AUGUST-SEPTEMBER, 1967

Two courses to prepare candidates for the
M.R.C.O.G. examination are being arranged in
Melbourne between April and August 1967.
1. Long Course April 3-August 1

This will consist of a series of weekly lectures,
demonstrations and discussions.

2. Short Course August 7-18
This is an intensive full-time course of lectures
and demonstrations.

For further details concerning these courses,
contact MR. B. L. G. KNEALE, 396 ALBERT
STREET, EAST MELBOURNE (Phone 32 2339)
at the earliest opportunity.
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by
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Patients having episodes of minor antepartum
vaginal bleeding provide an important practical
problem in obstetrics. These pregnancies may be
complicated by placental insufficiency and
intrauterine foetal death because of extensive
placental damage from separation and infarction
(Ziel, 1963). Although the main concern is the
high perinatal mortality, the question also arises
as to whether prolonged hospitalization can be
avoided with safety in these patients once
placenta praevia has been confidently excluded
(Scott, 1960; Hedberg and Radberg, 1966). It
would seem that urinary oestriol estimation,
which is a test of placental function, may be of
value in the management of patients who have
mild antepartum bleeding when spontaneous
labour does not occur within 48 hours.

The foetal mortality rates in patients with
placenta praevia and accidental haemorrhage are
well known, but the perinatal wastage when the
cause of bleeding is undetermined, even after
delivery, is less well recognized (Table I).
Murdoch and Foulkes (1952) have emphasized
the importance of this group, which receives
scant reference in the literature. A review of the

reports of large maternity hospitals leaves no
doubt that the problem is a real one (Table II).
Although by definition a retroplacental clot had
not been identified in these cases, placental
separation was the probable cause of many of

* McLaughlin Fellow. Present address: Department of
Obstetrics and Gynecology, Dalhousie University,
Halifax, Nova Scotia.

the deaths. It is not the cause of the bleeding
which is important but rather the possibility that
it has led to the development of placental
insufficiency, and a decision must be made
whether termination of the pregnancy should be
performed because of this.

Present Series

This series is composed of 162 patients
admitted because of antepartum bleeding to the
Professorial Unit, Royal Women's Hospital,
during the two years 1964-1965 (Table III).
During this period there were 3,081 deliveries in
the unit, approximately 40 per cent of the patients
being of Southern European birth.

Urines were collected for oestriol determina¬
tions in 9 of the 71 patients who were delivered
within 48 hours of admission and in 54 of the 91

patients who were delivered after this time. The
perinatal mortality rates in these groups were
33 • 8 per cent and 17-5 per cent respectively. It is
apparent that oestriol estimation had little to
offer in the management of patients in the first
group, irrespective of the cause of haemorrhage,
because labour had already commenced or the
pregnancies had reached a maturity such that
conservative management was contraindicated.
A conservative policy would also not be followed
in those patients who had severe haemorrhages
or intrauterine foetal deaths.

In this series clinical indications alone dictated
policy with regard to induction of labour and
oestriol values did not influence treatment.
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Table I

Antepartum Haemorrhage. Royal Women's Hospital. Booked Patients 1959-1963

Diagnosis
No. of
Cases

Incidence
%

Stillbirths

%

Neonatal
Deaths

%

Perinatal

Mortality
V/o

Accidental haemorrhage 394 11 15-2 9-8 250

Placenta praevia 133 0-4 7-5 6-7 14-2

Antepartum haemorrhage of unknown cause 250 0-7 40 2-8 6-8

Table II

Antepartum Haemorrhage Cause Unknown

Source of Clinical Report Year
Incidence

"//o
No. of
Cases

Still¬
births

Neonatal
Deaths

Perinatal
Mortality

V/o

Queen Victoria Maternity Hospital, Adelaide 1962 2-8 62 6 5 17 9

Liverpool Maternity Hospital 1964 0-9 30 3 2 16-6

University College Hospital, London /1962
' \1963

1 -9
1-5

27
22 1

4
2

14-8
13-6

Department of Obstetrics, University of Capetown . 1964 2-6 263 13 23 13-7

Queen Victoria Memorial Hospital, Melbourne 1961 0-8 35 1 3 110

Royal Maternity Hospital, Belfast 1963 4-3 98 2 6 81

f 1963 3-4 82 4 2 7-3
Hammersmith Hospital, London . \ 1964 4-3 101 1 4 4-9

L1965 3-6 82 4 1 61

National Maternity Hospital, Dublin f 1963
'

\1964
2-3
30

129
200 3

3
3

2-3
30

f 1961 1-8 64 1 — 1 -6

Queen Charlotte's Maternity Hospital, London . < 1962 1-3 49 — — Nil
L1963 1 -6 60 1 — 1-6

Table iii

Antepartum Bleeding. Prospective Series 1964-1965

Diagnosis No. of
Cases

Incidence
°//o

Still¬
births

Neonatal
Deaths

Perinatal
Mortality

"//o

No.
Undelivered

After
48 Hours

Accidental haemorrhage 61 1-9 13 5 29-5 23 (3)
Placenta praevia 40 1-3 5 4 22-5 24(7)
Antepartum haemorrhage of unknown cause 46 1-5 3 7 21-7 34(4)
Circumvallate placenta 15 0-5 2 1 200 10(2)

Total 162 5-2 23 17 24-7 91 (16)

Figures in parentheses denote number of perinatal deaths.
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Methods

Oestriol excretion was measured by the method
of Brown, MacLeod, Macnaughtan and Smyth
(1966). This method is based on a semi-auto¬
matic partition apparatus which processes 12
samples of urine at one time to a stage where the
extracts are suitable for colorimetry by the Kober
reaction. By this method 12 analyses can be
completed in less than three hours and one
worker can perform 24 or 36 measurements in a
working day.

Urines were collected over periods of 24 hours
and completeness of the collection was checked

by creatinine and specific gravity measurements.
Results were expressed as milligrammes of
oestriol excreted per 24 hour urine specimen and
were uncorrected for method losses.

Normal Values

Differences have been reported in the oestriol
levels found in different centres. It was therefore
necessary to accumulate local values for un¬
complicated pregnancies. The patients for the
normal series were all seen before 13 weeks of

gestation to ensure that their dates correlated
with the size of the uterus. Oestriol assays were
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Urinary oestriol values measured in 211 women with normal pregnancies.
The solid line represents the fitted mean values and the dotted line joins

the minimum values (P<0-05).
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performed at approximately 20, 30 and 40 weeks
and only those women who proceeded unevent¬
fully to term and delivered a normal live infant
were included; 425 determinations were per¬
formed on 211 women, and the results are shown
in Figure 1. The mean excretion values at 18-22,
28-32 and 38-41 weeks were 4-4, 13-0 and 26-1
mg. per 24 hours respectively. Only 4 women out
of 81 had oestriol values below 2 mg. at 18-22
weeks, 6 out of 113 had values below 8 mg. at
28-32 weeks, and 1 out of 66 had an oestriol
value below 12 mg. at 38-41 weeks. A line join¬
ing these points has therefore been taken as a
convenient division between normal and sub¬
normal and has been included in all the figures to
assist in interpretation. The validity of this
dividing line in the interpretation of oestriol
values in complicated pregnancies has already
been substantiated (MacLeod, Brown, Beischer,
and Smith, 1966).

Results

The findings in the 63 patients having oestriol
estimations are presented in groups according to
the cause of haemorrhage. Case details are given
in all those instances in which the infant died and
in two illustrative cases in which the infant
survived.

1. Placenta Praevia

Figure 2 shows the urinary oestriol values
which were recorded in the 14 patients studied.
Three of the six patients having only one oestriol
determination were delivered within 48 hours of
the onset of bleeding. It is customary to terminate
such pregnancies at 37 to 38 weeks and this was
performed in all the patients except the three
whose initial haemorrhages occurred after this
time.

Except for one patient with an anencephalic
foetus, the oestriol values in this group were well
within the normal range and showed a progres¬
sive increase as pregnancy proceeded. This
occurred in spite of repeated episodes of bleeding
experienced by some of the patients. There was
also a close relationship between the level of the
oestriol and the birth weight of the surviving
infants (correlation coefficient, r = 0 • 88, n = 11).
Two stillbirths and one neonatal death occurred
in the group.

Case 1. Stillbirth was due to rupture of the uterus in a
patient who had a placenta praevia percreta.

Case 2. This was the only patient found to have a low
oestriol excretion. The infant was alive at the time of
oestriol determination but was an anencephalic, and died
during delivery at 34 weeks.

Case 3. Neonatal death was due to premature delivery
at 27 weeks.

3 40i

18 20 22 24 26 28 30 32 34 36 38 40 42 44
WEEKS OF GESTATION

Fig. 2

Placenta praevia. The one oestriol value below the normal range was associated
with anencephaly. N.N.D. = neonatal death; S.B. = stillborn.
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Fig. 3

Accidental haemorrhage. Low oestriol values were found
in 15 out of 19 patients including the 4 having perinatal

deaths. N.N.D. = neonatal death; S.B. = stillborn.

2. Accidental Haemorrhage
Figure 3 shows the urinary oestriol values

which were recorded in the 19 patients studied.
Induction of labour was performed in only one
patient, the indication being clinical evidence of
placental insufficiency. An old retroplacental
clot was found after delivery in each of these
patients, none of whom, however, had shown the
clinical features of severe placental abruption.
Five of the eight patients who had a single
oestriol determination were delivered within 48
hours of the onset of bleeding.

Low oestriol values were found in 15 of the 19

patients including the four whose pregnancies
resulted in foetal deaths. There was no correla¬
tion between the oestriol value and the birth

weight of the surviving infants (correlation
coefficient r = 0-30, n = 12). There were two
stillbirths (Cases 4 and 5) and two neonatal
deaths (Cases 6 and 7).

Case 4. This patient came into spontaneous labour
36 hours after the onset of bleeding at 31 weeks. The
oestriol excretion was 2 • 4 mg. per 24 hours and the foetus
died at about the time that the urine was collected.

Case 5. In this case cervical ligation was performed at
24 weeks. At this time bleeding had occurred and the
membranes were bulging through the cervix. Vaginal
bleeding persisted and when labour occurred at 30 weeks
the oestriol excretion was 8 mg. per 24 hours. The foetus
was "fresh" stillborn and weighed 1,110 g. The placenta
weighed 300 g.

Case 6. This patient was delivered at 30 weeks, 48 hours
after the onset of painless vaginal bleeding and the infant
died after an intraventricular haemorrhage. Before
delivery, the oestriol excretion was 5 • 8 mg. per 24 hours.
The foetus weighed 1,270 g. The placenta weighed 350 g.
and showed extensive infarction.

Case 7. The patient had had one previous normal
confinement of a living infant weighing 3,500 g. In this
pregnancy she had severe pre-eclampsia and clinical
placental insufficiency. The urinary oestriol excretion was
4-2 mg. per 24 hours at 34 weeks. Bleeding first occurred
when the membranes were ruptured at 34 weeks and
Caesarean section was performed because the amniotic
fluid was heavily contaminated with meconium. The
infant weighed 1,250 g., showed the features of placental
insufficiency and died 12 hours after birth. The placenta
weighed 300 g. and two-thirds of its surface was separated
by an old blood clot.

Illustrative Case History
A multigravida had a small antepartum haemorrhage

at 36 weeks and was allowed home one week later when
examination under anaesthesia had excluded placenta
praevia. Spontaneous labour at 39 weeks resulted in the
birth of a living infant weighing 2,470 g. The placenta
weighed 275 g. and showed extensive infarction as well as
partial separation. The oestriol excretion fell from 11 - 8 to
6-8 mg. per 24 hours between 36 and 37 weeks but then
increased progressively to 27-0 mg. at 39 weeks. In this
case the oestriol excretion indicated a considerable
recovery of placental function after the episode of bleed¬
ing although the placenta was small and grossly infarcted.

3. Antepartum Haemorrhage of Unknown Cause
Figure 4 shows the urinary oestriol values

recorded in the 22 patients studied, all of whom
had a speculum examination to exclude extra¬
uterine causes of bleeding. In this group the
onset of labour was spontaneous in all cases.
There were nine patients who had a single
oestriol determination. This incomplete investi¬
gation occurred because patients were discharged
home when the episodes of bleeding were
considered to be so small that they could be
disregarded.

The urinary oestriol levels were low in 11 of
the 22 patients, including 4 out of the 5 whose
pregnancies resulted in foetal deaths. In the
group there was no correlation between the
oestriol values and the birthweights of the
surviving infants (correlation coefficient r = 0 • 14,
n = 13). There were four stillbirths (Cases 8, 9
and 10) and two neonatal deaths (Cases 11 and 12).

Case 8. This patient had had one previous normal
pregnancy. The present pregnancy was uneventful until
mild vaginal bleeding occurred at 35 weeks. At this time



56 BEISCHER, BROWN, MACLEOD, AND SMITH

16 18 20 22 24- 26 28 30 32 34 36 36 40 42 44

WEEKS OF GESTATION

Fig. 4

Antepartum haemorrhage of unknown cause. Oestriol excretion was below
the normal range in 11 out of 22 patients including 4 out of 5 having

perinatal deaths. N.N.D. = neonatal death; S.B. = stillborn.

the foetal heart was audible but the oestriol excretion was

3 ■ 1 mg. per 24 hours. Spontaneous labour occurred two
days later and the patient was delivered of a stillborn
macerated infant weighing 2,550 g. The placenta weighed
500 g. and appeared normal.

Case 9. The patient was a primigravida who was
admitted to hospital at 32 weeks after having lost about
50 ml. of blood vaginally. Although the size of the uterus
was small for the period of gestation, the patient was sent
home. A further episode of bleeding occurred at 34 weeks
at which time placentography showed the placenta to be
at the fundus. A single oestriol measurement performed
at this time gave an excretion of 10-7 mg. per 24 hours.
The patient was again discharged and spontaneous labour
occurred at 36 weeks and a stillborn foetus weighing
1,890 g. was born by breech delivery. The autopsy findings
were those of intrauterine asphyxia. The placenta weighed
500 g.

Case 10. The patient was a rhesus immunized multi-
gravida with two living children. In the present pregnancy
vaginal bleeding started at 12 weeks and continued
intermittently until 22 weeks when gross hydramnios was
diagnosed and the patient was admitted to hospital. An
X-ray showed twin foetuses. Spontaneous labour occurred
at 25 weeks and the patient was delivered of stillborn
twins. The second amniotic sac contained approximately
3,000 ml. of liquor. The single placenta weighed 320 g.
and the foetuses weighed 300 g. and 450 g. respectively.
Spectrophotometric examination of the amniotic fluid
obtained at delivery was indicative of severe erythro¬
blastosis. Oestriol measurements were performed,
commencing at 16 weeks; the values showed a rise and
then a fall at the time of premature labour.

Case 11. The patient was admitted with a threatened
abortion at 15 weeks. At 39 weeks she reported that foetal
movements were markedly diminished. An oestriol
determination was performed although there was no other
reason to suspect placental insufficiency and excretion of
8 -4 mg. per 24 hours was found. The patient was delivered
of a mongoloid infant 11 days later after a spontaneous
onset of labour. The infant weighed 3,580 g. and was
heavily stained with meconium. Death occurred three
days later and was due to atelectasis and pneumonia. The
placenta showed considerable infarction and weighed
540 g.

Case 12. This patient had an incompetent cervix which
resulted in abortion at 25 weeks. Heavy vaginal bleeding
occurred during the six days before abortion. The foetus
weighed 800 g. and the placenta 450 g.

Illustrative Case History
This patient had had two normal pregnancies followed

by three mid-trimester abortions. In the current pregnancy
cervical ligation was performed at 18 weeks after which
three episodes of vaginal bleeding occurred. The suture
was removed at 37 weeks. At 42 weeks the foetus felt
small and the liquor volume seemed to be diminished.
The single oestriol measurement was made at this time
and a value of 3-7 mg. per 24 hours was obtained.
Labour began three days later and at birth the infant
weighed 2,940 g. and showed the features of placental
insufficiency. The placenta weighed 400 g. and was
infarcted and stained with meconium. The oestriol value
in this case accurately reflected the condition of the foetus
and confirmed the clinical diagnosis of placental insuffici¬
ency. This evidence indicated that termination of the
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WEEKS OF GESTATION

Fig. 5

Circumvallate placenta. Oestriol values below the normal
range were found in 4 out of 8 patients. S.B. = stillborn.

pregnancy was warranted and the favourable outcome
does not justify the conservative treatment which was

adopted.

4. Circumvallate Placenta

Figure 5 shows that low urinary oestriol values
were recorded in four out of the eight patients
who were studied. Although none of the patients
showed the clinical features of accidental
haemorrhage, there were four in whom an old
retroplacental clot was seen after delivery. Two
infants in this group were stillborn.

Case 13. This patient had bleeding at 24 weeks. The
patient was sent home at 27 weeks at which time vaginal
cytology showed a poor pregnancy pattern. At 31 weeks
the oestriol excretion was 8-8 mg. per 24 hours but no
further measurements were made. Foetal death in utero

occurred at 33 weeks. Labour was then induced and the
stillborn foetus weighed 1,510 g. The placenta weighed
450 g. and attached to it was an old blood clot.

Case 14. This patient had intermittent bleeding from
15 weeks until spontaneous breech delivery at 33 weeks.
Premature rupture of the membranes occurred at 27
weeks. Vaginal cytology at 30 weeks showed a poor
pregnancy pattern. The oestriol measurements were
commenced at 22 weeks. The excretion levels were rising
at first but fell at the time the membranes ruptured; they
then rose to reach 20 mg. per 24 hours at 32 weeks and
fell again to 12 mg. just before delivery. The infant
weighed 1,750 g. and died during delivery. The placenta
weighed 650 g. and showed partial separation by an old
blood clot.

Discussion

Several patterns of oestriol excretion could be
distinguished in the present series. Normal and
rising values which correlated with the birth-

weight of the infant were found in the group of
patients with placenta praevia and in some of the
patients in whom the antepartum haemorrhage
was of unknown origin. In the patients with
placenta praevia the only low oestriol value
recorded was in a case of anencephaly, a mal¬
formation characteristically associated with such
levels. The two other foetal deaths among these
cases were from causes unrelated to placental
dysfunction. It can be concluded that the bleed¬
ing in this group had little damaging effect on the
functional capacity of the foeto-placental unit.

In the other three categories of antepartum
haemorrhage, low oestriol excretion values were
encountered in 30 of the 49 patients studied. Of
the 30 patients with low oestriol values, 11 had
only one measurement performed, and little can
be said about the trend of placental function in
relation to bleeding in these cases; however, five
of these pregnancies ended in death of the foetus.
In another six patients with low oestriol values
the levels were falling although the foetus was
still alive at the time. Only two of these preg¬
nancies resulted in living children; in one of
these, the fall coincided with premature rupture
of the membranes at 28 weeks, and a living
infant was delivered at 30 weeks; the other
patient was delivered of a living infant at 44
weeks and only the final oestriol value had fallen
below the normal range. In the remaining 13
patients in whom low values were encountered,
these occurred at the time of bleeding and
increased later; in eight the increase was dramatic
and the final values recorded were well within the
median range of normal; in the other five, the
increase was less marked and no more than
paralleled the increasing output which normally
occurs at that time of pregnancy. In these 13
patients with low but rising oestriol values, no
infants were lost and it would appear that the
initial low values were due to placental damage
resulting from the heamorrhage and that full
placental function was restored in the eight cases,
whereas some damage persisted in the five cases.
In the remaining 19 patients in whom no oestriol
value was recorded below the normal range
there were two foetal deaths (cases 9 and 13);
however, in both, the values were near to the
lower limits of normal and were obtained two

weeks before foetal death occurred.
Townsend (1957) Hibbard and Jeffcoate (1966)
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have emphasized that placental insufficiency is an
important cause of perinatal mortality in patients
with an accidental haemorrhage, and both have
stated that this foetal condition may precede the
onset of placental abruption. The former state¬
ment is adequately supported by the present
study since the majority of deaths occurred in the
presence of low or falling oestriol values.
Furthermore, as is shown by Case 7, placental
insufficiency due to retroplacental haemorrhage
can occur in the absence of the usual symptoms
of placental abruption. It is, however, difficult to
test the second hypothesis since the oestriol
measurements were usually not commenced until
after the onset of bleeding.

In the present series, the oestriol values were
not used to influence treatment. However,
although the oestriol values accurately reflected
the condition of the foetus and placenta in all but
two cases, the information provided by the test
would have been of value in the management of
the pregnancy in only a limited number of
patients. There were 12 foetal deaths (including
one pair of twins) in the 49 patients with ante¬
partum haemorrhage due to causes other than
placenta praevia. Six of these deaths occurred in
pregnancies which did not reach 32 weeks of
maturity and were therefore inevitable. Two
others (Cases 13 and 14) occurred at 33 weeks,
before induction would have been justifiable,
particularly as the low values encountered in
some patients were followed by a rapid improve¬
ment later. One of the other deaths was a mongo¬
loid infant (Case 11) which was delivered at 40
weeks, 11 days after an oestriol value of 8 - 4 mg.
had been recorded. The low value in this case

may have been due to either the foetal abnormal¬
ity or to placental infarction. It is well known
that very low values are associated with anence-

phaly; we have found that other foetal malform¬
ations are also associated with diminished
oestriol excretion although this is not as marked
as in anencephaly. Thus, the management of
only three of the pregnancies which resulted in
foetal death (Cases 7, 8 and 9) could have been
influenced by the oestriol measurements.

In Case 7, the measurement was performed because of
clinical evidence of placental insufficiency which was due
to retroplacental haemorrhage; the value was 4 ■ 2 mg. per
24 hours but Caesarean section was dictated by clinical
considerations. In Case 8, the pregnancy had been
uneventful until mild vaginal bleeding occurred at 35

weeks; at this time the oestriol excretion was only 3 • 1 mg.
per 24 hours and by acting immediately on this figure it is
possible but improbable that the foetus could have been
saved. In Case 9, a single oestriol measurement at 34
weeks gave an excretion value of 10-7 mg. per 24 hours
which is near to but not below the lower limit of normal.
The patient was discharged and spontaneous breech
delivery at 36 weeks resulted in a stillborn foetus. As the
clinical findings were suggestive of placental insufficiency
further oestriol measurements were indicated and might
have provided a more accurate assessment of events.

In this series, although the yield in terms of
reducing perinatal mortality would have been
low, oestriol estimation was sufficiently accurate
in predicting the foetal outcome that a low level
would have justified termination if the pregnancy
was mature. Also, the finding of normal or rising
oestriol values provides assurance that the foetus
is in no immediate danger. We consider that
placental insufficiency should be excluded by
oestriol estimation before any patient with an
antepartum haemorrhage is allowed home. It is
believed that the value of this information is
considerable and that oestriol measurements
have a useful place in the management of patients
with antepartum haemorrhage.

Summary

Urinary oestriol excretion was studied in 63
patients having antepartum vaginal haemor¬
rhage. In this series there were 10 stillbirths and 5
neonatal deaths. The oestriol values were normal
in 13 out of 14 patients with placenta praevia but
were low in 30 of the 49 patients with other
causes of bleeding. The oestriol values accurately
reflected the condition of the foetus and placenta.
Patients with antepartum haemorrhage can be
divided into two main categories on the basis of
oestriol measurements; the first includes all the
patients with placenta praevia and some of those
classified after delivery as having bleeding of
unknown origin, in whom the bleeding does not
affect placental function; the second includes the
remainder in whom bleeding causes placental
damage, which may be temporary or permanent.

Oestriol measurements have a useful place in
the management of patients with antepartum
haemorrhage.
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Urinary Oestriol Excretion as a Measure of Foetal Welfare
J. B. Brown
N. A. Beischer

University of Melbourne and
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Summary

A method has been developed whereby one worker can
complete 12 urinary oestriol analyses in three hours. After
studying 211 uncomplicated pregnancies, the division between
normal and sub-normal oestriol excretion was considered to be a

line joining the points 2 mg. at 18-22 weeks, 8 mg. at 28-32
weeks and 12 mg. at and beyond 38 weeks. Approximately 4%
of oestriol values associated with normal pregnancies fall below
this dividing line.

Of 103 patients with hypertension, pre-eclampsia or renal
disease, 73 had oestriol values remaining above the line joining
8 mg. at 30 weeks and 12 mg. at 40 weeks; in these, no perinatal
deaths occurred but there were seven in the remaining 30 patients
having at least one sub-normal oestriol value. Normal oestriol
values therefore provide assurance that the foetus is in no
immediate danger.

Of 55 patients with antepartum haemorrhage, oestriol excretion
was normal in 13 of 14 with placenta praevia; low oestriol values
were found in 15 of 19 patients with accidental haemorrhage
including the four whose pregnancies resulted in foetal deaths;
low values were also found in 11 of 22 patients with antepartum
haemorrhage cause unknown, including four of five whose
pregnancies resulted in foetal deaths.

Of 122 patients with prolonged pregnancy 26 had at least one
oestriol value below 12 mg. per 24 hours. The average level of
urinary oestriol excretion did not fall after term but remained in
the range 22-26 mg. per 24 hours from 41-44 weeks. The value of
oestriol excretion in selection of the time and method of delivery
in prolonged pregnancy is discussed.

The relatively large amounts of oestrogens excreted in the maternal
urine during pregnancy are derived almost entirely from the placenta.
The placenta in turn synthesises these oestrogens from precursors which
are produced largely in other sites, notably the foetus. Urinary oestro¬
gen output therefore reflects the functional states of both the placenta
and foetus. Oestriol is quantitatively the most important urinary
oestrogen and many workers have shown that the measurement of this
steroid provides very useful information concerning the state of the
foeto-placental unit. The main drawback to the general application of
this test is that the methods available for measuring oestriol have not
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been suitable for mass analyses in a routine hospital laboratory. In
attempting to overcome this difficulty, we have developed a simple
procedure based on a semi-automatic partition device which processes
12 samples of urine at one time, and the extracted oestriol is measured
colorimetrically by the Kober reaction. With this apparatus, which is
now available commercially, one worker can complete 12 analyses with
ease in three hours from receipt of urine to reporting the results, or
24 to 36 in a working day at a cost of less than one dollar per assay.
If required, the procedure could be completely automated but we have
not attempted this. As it is, the speed of the assay has necessitated
stream-lining all the other procedures involved; for example urine
volumes are measured by weight as described by Owen and Coulson
(1967) and the urine bottles are washed in an automatic bottle washing
machine.

The method is not completely specific for oestriol, but in a com¬
parison with an earlier specific method (Brown and Coyle 1963), the
mean ratio and standard deviation of results was 1.07 ± 0.18 for 96
urines containing between 1 and 10 mg. per 24 hour specimen and
1.01 ± 0.13 for 125 urines containing more than 10 mg. per 24 hour
specimen. A small over-estimate of oestriol is counterbalanced by a
slightly greater loss which amounts to approximately 30% throughout
the procedure. With this procedure, colorimetry is reliable at oestriol
levels as low as 1 mg. per 24 hour urine; below this level fluorimetry
is substituted and this enables oestrogen output to be measured down
to the levels found in men and postmenopausal women.

Normal values

Differences have been reported in the oestriol levels found in different
centres. It was therefore necessary to accumulate our own normal
values for uncomplicated pregnancies. The patients for the normal
series were all seen before 13 weeks of gestation to ensure that their
dates correlated with the size of the uterus. Oestriol assays were per¬
formed at approximately 20, 30 and 40 weeks and only those women
who proceeded uneventfully to term and delivered a normal live infant
have been included; 425 determinations were performed on 211 women,
and the results are shown in Figure 1. The mean values at 18-22,
28-32 and 38-41 weeks were 4.4, 13.0 and 26.1 mg. per 24 hour urine
respectively. A fitted curve joining these and other mean points is
included in Figure 1. For use in managing complicated pregnancies,
it is necessary to be able to delineate the levels associated with placental
dysfunction from the lower limits of normal, particularly after 30 weeks
of pregnancy.

In Figure 1, only four women out of 81 had oestriol values below
2 mg. at 18-22 weeks, six out of 113 had values below 8 mg. at 28-32
weeks, and one out of 66 had an oestriol value below 12 mg. at
38-41 weeks. A line joining these points has been taken as a convenient
division between normal and sub-normal and has been included in all
the figures to assist in interpretation. These points have been chosen
partly from experience in the practical application of the test and partly
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from statistical considerations. In any group of patients studied, it
should be remembered that approximately 4% of the values associated
with normal pregnancies will fall below this dividing line.

Application to abnormal pregnancies
Three main groups of complications are considered here:—

(1) hypertension, pre-eclampsia and renal disease,
(2) antepartum haemorrhage,
(3) prolonged pregnancy.
The results in the first two groups have already been reported (Mac¬
Leod, Beischer, Brown and Smith (1967); Beischer, Brown, MacLeod
and Smith (1967)). The findings have been confirmed by the sub¬
sequent application of the test to the management of these disorders.

14 16 16 20 22 24 26 28 30 32 34 36 3d 40 42

WEEKS OF GESTATION
Figure 1—Oestriol excretion during normal pregnancy showing fitted mean curve

and the dividing line between normal and subnormal.
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The results presented in the third group are preliminary only and form
part of a larger series which is being studied.

There has been no attempt to relate the oestriol values to the severity
of the obstetrical abnormality present, although correlations of this type
have been reported. The emphasis has been on correlating the oestriol
values with the outcome of the pregnancies in terms of perinatal mor¬
tality. During this investigative period it was important that knowledge
of the oestriol value should not influence the management of the patient.

(1) Hypertension, pre-eclampsia and renal disease: This series
is composed of 103 patients studied because of hypertension, pre¬
eclampsia or renal disease during the two year period ending October
1965. These conditions were grouped together because many patients
developed two or more of these complications. The group is comprised
of 61 patients having hypertension with or without renal disease, 35
with pre-eclampsia and seven with chronic renal disease without hyper¬
tension.

Figure 2 shows the results in the 73 patients who had oestriol values
which remained above the line joining 8 mg. per 24 hours at 30 weeks
and 12 mg. at 40 weeks; not one intrauterine or neonatal death occurred
in this group which included 28 patients with pre-eclampsia (14 having
proteinuria) and 7 others with hypertension of 170/110 or above.
Meconium stained liquor was noted in 19 of the 73 patients and 5

WEEKS
Figure 2—Oestriol excretion in 73 patients with hypertension, pre-eclampsia and

renal disease and normal oestriol values. All infants survived.
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infants showed evidence of placental insufficiency. The placenta
weighed 350 g. or less in 4 patients.

The results in the remaining 30 patients in whom at least one sub¬
normal oestriol value was recorded are shown in Figures 3 and 4.
Figure 3 shows the values found in the 23 patients having surviving
infants; five of these patients had severe pre-eclampsia, and seven
others had hypertension of 170/110 or above. The placenta weighed
350 g. or less in eight patients, three infants appeared placentally
insufficient and one other now shows evidence of cerebral damage.
Although surviving infants were obtained, in many cases this outcome
required considerable obstetrical judgement and paediatric care. Figure
4 shows the oestriol values recorded in the seven patients having peri¬
natal deaths; two had severe pre-eclampsia and another two had hyper¬
tension above 170/110. The placenta weighed less than 350 g. in six
of these patients.

24 26 28 30 32 34 36 38 40 42

WEEKS
Figure 3—Oestriol excretion in 23 patients with hypertension, pre-eclampsia and

renal disease who had surviving infants and low oestriol values.

In this group as a whole, it can be stated that no infant was lost after
30 weeks, either in ulero or in the neonatal period when the mother's
excretion of oestriol remained above 8 mg. at 30 weeks to 12 mg. at
40 weeks. The finding of such values can therefore provide assurance
that the foetus is in no immediate danger, and several groups of workers
have stated that this is perhaps the most useful information provided
by the test (Liggins and Evans, 1963). All the deaths which occurred
in these groups after 30 weeks were associated with abnormally low
oestriol values, and in those cases in whom serial measurements were
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performed, the levels were falling before the foetus died. Thus, the
finding of a subnormal oestriol value indicates that the foetus has a
23% chance of not surviving. On the other hand, equally low values
were also associated with foetal survival (Figure 3). However, in some
of these the values, although low, were rising steadily, and such findings
usually support the view that the pregnancy may be allowed to continue
until a sufficiently mature infant is obtained. Another important finding
in these groups was that very low levels, of the order of 2 mg. or less,
were associated with foetal death in utero. This has been stressed by
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Figure 4—Oestriol excretion in seven patients with hypertension, pre-eclampsia

and renal disease who had perinatal deaths and low oestriol values.

many workers. The analysis therefore is a valuable aid in the diagnosis
of foetal death in utero, and is particularly important in preventing
errors when immediate induction of labour is practiced in this condition
to avoid the development of blood coagulation failure.

Another finding from this group was that the foetus in jeopardy
during labour, even when the oestriol value approached that charac¬
teristic of intrauterine death, did not necessarily show clinical evidence
of placental dysfunction after birth. This introduces the concept of
chronic and acute placental insufficiency; the former is associated with
consistently low oestriol output and a small infant which shows the
classical features of placental insufficiency at birth; the latter is asso¬
ciated with oestriol values which are normal at first but which fall

rapidly near term and the infant at birth may be normal in weight and
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appearance. The onset of the two conditions is different but the sequelae
to the foetus can be equally serious.

(2) Antepartum vaginal bleeding: This series is composed of
162 patients admitted because of antepartum bleeding to the Profes¬
sorial Unit, Royal Women's Hospital, during the two years 1964-1965.

Urines were collected for oestriol determinations in nine of the 71
patients who were delivered within 48 hours of admission and in 54 of
the 91 patients who were delivered after this time. The perinatal
mortality rates in these groups were 33.8% and 17.5% respectively.
It is apparent that oestriol estimation has little to offer in the manage¬
ment of patients in the first group, irrespective of the cause of haemorr¬
hage, because labour had already commenced, or the pregnancies had
reached a maturity such that conservative management was contra-
indicated. A conservative policy would also not be followed in those
patients having severe haemorrhages or intrauterine foetal deaths. The
findings in 55 patients having oestriol estimations are presented accord¬
ing to the cause of haemorrhage. The results in eight patients who had
circumvallate placentae are not included here.

(a) Placenta Praevia: Figure 5 shows the urinary oestriol values
which were recorded in the 14 patients with placenta praevia. Three
of the six patients having only one estriol determination were delivered
within 48 hours of the onset of bleeding. It is customary to terminate
such pregnancies at 37 to 38 weeks and this was performed in all the
patients except the three whose initial haemorrhages occurred after this
time.

Except for one patient with an anencephalic foetus who had the very

18 20 22 24 26 28 30 32 34 36 38 40 42 44

WEEKS OF GESTATION
Figure 5—Oestriol excretion in 14 patients with placenta praevia. S.B. = still¬

birth; N.N.D. = neo-natal death.

V) 40

S.B.
T



82 GYNAECOLOGY AND OBSTETRICS

low values characteristic of this condition, the oestriol results in this
group were well within the normal range and showed a progessive
increase as pregnancy proceeded. This occurred in spite of repeated
episodes of bleeding experienced by some of the patients. There was
also a close relationship between the level of the oestriol and the birth
weight of the surviving infants (correlation coefficient, r = 0.88,
n = 11). Two stillbirths and one neonatal death occurred in the group
but these were unrelated to placental dysfunction. It can be concluded
that the bleeding in this group had little damaging effect on the func¬
tional capacity of the foeto-placental unit.

(b) Accidental Haemorrhage: Figure 6 shows the urinary oestriol
values which were recorded in the 19 patients studied. Induction of
labour was performed in only one patient, the indication being clinical
evidence of placental insufficiency. An old retroplacental clot was
found after delivery in each of these patients, none of whom however
had shown the clinical features of severe placental abruption. Five of
the eight patients who had a single oestriol determination were delivered
within 48 hours of the onset of bleeding.
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WEEKS OF GESTATION
Figure 6—Accidental Haemorrhage. Low oestriol values were found in 15 of 19
patients including the four having perinatal deaths. S.B. = stillbirth; N.N.D. =

neo-natal death.

Low oestriol values were found in 15 of the 19 patients including
the four whose pregnancies resulted in foetal deaths. There was no
correlation between the oestriol value and the birth weight of the
surviving infants (correlation coefficient, r = 0.30, n = 12). There
were two stillbirths and two neonatal deaths.

(c) Antepartum Haemorrhage Cause Unknown: Figure 7 shows the
urinary oestriol values recorded in the 22 patients studied, all of whom
had a speculum examination performed to exclude extra-uterine causes
of bleeding. In this group the onset of labour was spontaneous in all
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cases. There were nine patients who had a single oestriol determination.
This incomplete documentation occurred because patients were dis¬
charged home when the episodes of bleeding were considered to be so
small as to be disregarded.

WEEKS OF GESTATION
Figure 7—Antepartum Haemorrhage Cause Unknown. Oestriol excretion was
below normal in 11 of 22 patients including four of the five having perinatal

deaths. S.B. = stillbirth; N.N.D. = neo-natal death.

The urinary oestriol levels were low in 11 of the 22 patients including
four of the five whose pregnancies resulted in foetal deaths. In the
group there was no correlation between the oestriol values and the birth
weights of the surviving infants (correlation coefficient, r = 0.14, n =

13). There were four stillbirths and two neonatal deaths.
Low oestriol values were encountered in 26 of the 41 patients with

antepartum haemorrhage due to causes other than placenta praevia.
Of these 26 patients 10 had only one oestriol measurement performed,
and little can be said about the trend of placental function in relation
to bleeding in these cases, however five of these pregnancies ended in
death of the foetus. In another five patients with low oestriol values
the levels were falling although the foetus was still alive at the time.
Only two of these pregnancies resulted in living children; in one of
these, the fall coincided with premature rupture of the membranes at
28 weeks, and a living infant was delivered at 30 weeks; the other
patient was delivered of a living infant at 44 weeks and only the final
oestriol value had fallen below the normal range. In the remaining
11 patients in whom low values were encountered, these occurred at
the time of bleeding and increased later; in seven the increase was
dramatic and the final values recorded were well within the median

range of normal; in the other four, the increase was less marked and
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no more than paralleled the increasing output which normally occurs
at that time of pregnancy. In these 11 patients with low but rising
oestriol values, no infants were lost and it would appear that the initial
low values were due to placental damage resulting from the haemorr¬
hage and that full placental function was restored in the seven, whereas
some damage persisted in the four. In the remaining 15 patients in
whom no oestriol value was recorded below the normal range, there
was one foetal death and the value was near to the lower limits of
normal and was obtained two weeks before foetal death occurred.

Townsend (1957), and Hibbard and Jeffcoate (1966) have empha¬
sized that placental insufficiency is an important cause of perinatal
mortality in patients with an accidental haemorrhage, and both have
stated that this foetal condition may precede the onset of placental
abruption. The former statement is adequately supported by the present
study since the majority of deaths occurred in the presence of low or
falling oestriol values. Furthermore, placental insufficiency can occur
due to retroplacental haemorrhage in the absence of the usual symptoms
of placental abruption. It is, however, difficult to test the second
hypothesis since the oestriol measurements were usually not commenced
until after the onset of bleeding.

The oestriol values were not used to influence treatment in this
series, and, as it happened, the information would have been of value
in the management of only a limited number of patients. Nevertheless,
oestriol estimation was sufficiently accurate in predicting the outcome
for the foetus that termination is indicated on the basis of a low level
if the pregnancy is mature. Also, the finding of normal or rising oestriol
values provides assurance that the foetus is in no immediate danger.
We consider that placental insufficiency should be excluded by oestriol
estimation before any patient with an antepartum haemorrhage is
allowed home. It is believed that the value of this information is con¬

siderable and that oestriol measurements have a useful place in the
management of patients with antepartum haemorrhage.

(3) Prolonged pregnancy: In January 1965 we commenced a
prospective investigation into the problems of prolonged pregnancy
which we define as a gestation proceeding 14 days or more beyond the
calculated date of confinement. Patients were accepted into the series
when seen before 13 weeks if the size of the uterus corresponded to
the menstrual data; patients having irregular cycles or uncertain dates
were excluded. On 21 January 1967, 1,918 of the 2,513 patients then
accepted into the series had delivered, 159 at or beyond 42 weeks,
giving an incidence of prolonged pregnancy of 8.2%.

The obstetrical management of the 159 patients was conservative
and induction of labour was not performed for prolonged pregnancy
per se. Urinary oestriol was estimated on alternate days and amnio¬
centesis was performed at 42 weeks and weekly thereafter. Labour was
induced if hypertension or pre-eclampsia developed, or when a clinical
diagnosis of placental insufficiency was supported by failure to obtain
clear amniotic fluid at amniocentesis. The oestriol values obtained did
not influence treatment.
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Results

Amniocentesis was attempted in 129 patients; in 108 clear amniotic
fluid was obtained, in eight the liquor was contaminated with meconium
and in 13 no amniotic fluid could be withdrawn.

The onset of labour was spontaneous in 134 patients, was induced
by rupture of the membranes in 24, and one patient had an elective
Caesarean section because of a previous vaginal repair. Spontaneous
delivery occurred in 117 patients, 26 were delivered with forceps and
16 (10%) by Caesarean section. Signs of foetal distress were detected
during labour in 77 (51%) patients.

In spite of the high incidence of foetal distress and relatively low
rate of operative delivery there were no perinatal deaths. However one
infant shows evidence of permanent brain damage presumably due to
cerebral anoxia and two others showed a lesser degree of cerebral
irritation. There were nine infants who remained in utero for five to
19 days after oestriol values below 12 mg. per 24 hours had been
recorded. Long term follow-up is necessary to exclude cerebral sequelae
in these infants particularly as Wallace and Michie (1966) found that
five of 14 infants whose mothers' oestriol excretion before delivery was
below 8 mg. per 24 hours were neurologically abnormal.

In this series the incidence of overweight babies was very high, 29
(18.2%) weighing more than 4,000 g. at birth; of these infants 20
(68.9%) were males which is similar to the sex ratio reported by
McEwan and Murdoch (1966) in their series of 169 infants weighing
4,309 g. and above. There were 19 infants with a birth weight below
3,000 g. and of these 12 (63.1%) were females. In the series as a
whole there were 84 females and 75 males.

Urinary oestriol excretion was studied in 122 of the 159 patients;
this incomplete documentation was largely because many patients
delivered or were in labour within 24 hours of reaching 42 weeks
(Figure 8). Twenty-six of the 122 patients (21.4%) having oestriol
determinations at or beyond 42 weeks had at least one value below
12 mg. per 24 hours. The incidence of low oestriol excretion was
higher in the group of 54 primigravidae (25.9%) than in the 68
multigravidae (17.6%); however the difference between these groups
was less marked than that found by Lundwall and Stakemann (1966),
who reported an incidence of low oestriol excretion in 20% of primi¬
gravidae and 6% of multigravidae in a series of 171 patients with
prolonged pregnancy.

The average level of urinary oestriol excretion in this series did not
fall after term but remained in the range 22 to 26 mg. per 24 hours,
from 41 to 44 weeks (Figure 9). As the average expresses both normal
and below normal values, the high incidence of the latter is at least
partly responsible for the flattening of the normal rising curve seen
until 40 weeks. The incidence of low oestriol excretion was 13.1%
at 42 weeks, 15.6% at 42.5 weeks, 12.8% at 43 weeks and 19.0% at
43.5 weeks.

The significance of low urinary oestriol excretion may be tested by
correlation with perinatal wastage, foetal distress in labour, foetal

1
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Figure 8—Period of gestation at delivery in patients with prolonged pregnancy.

evidence of placental insufficiency and the presence of cerebral sequelae
after long term follow-up. In the present series there were no perinatal
deaths and this most relevant parameter was therefore not applicable.
The incidence of cerebral sequelae will not be known until after long
term follow-up; however in the one case in which the infant showed
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Figure 9—Oestriol excretion in 122 patients with prolonged pregnancy,
solid line shows the average values.
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permanent cerebral damage the oestriol excretion had been below 7
mg. for at least 19 days before delivery. The results were assessed
on the remaining two criteria of foetal distress in labour and placental
insufficiency, which was diagnosed when two or more of the criteria
listed in Table 1 were present. However it is debatable whether either

Table 1

CRITERIA OF PLACENTAL INSUFFICIENCY

1. Liquor volume less than 200 ml.
2. Meconium and/or abnormal foetal heart rate in labour
3.

4.

Placenta
and/or

Baby
and/or

(i) 450 G. or less
(ii) extensive infarction
(iii) Wharton's jelly grossly diminished
(i) birth weight less than 3000 G.
(ii) desquamation of skin
(iii) diminution of subcutaneous fat

of these parameters is an accurate index of foetal jeopardy and it is
unlikely that progressive foetal hypoxia is a direct consequence of
foetal growth retardation. Nevertheless, there was a greater incidence
of foetal distress in labour and of placental insufficiency in the 26
patients in whom a low oestriol was recorded than in the 96 patients
with normal oestriol values (Table 2). In the 23 patients whose infants
showed none of the features of placental insufficiency (Table 1) the
mean oestriol level was 26.2 mg. which was significantly higher (P =

0.01) than the corresponding value of 20.1 mg. found in the 58 patients
whose infants were placentally insufficient.

The trend of results is often as important as absolute values. Sixty-
eight of the 122 patients had two or more oestriol measurements per¬
formed at or beyond 42 weeks. Of the 51 with normal oestriol values,
the output was rising in nine, stationary in 40 and falling in two. In
the 17 patients with low values, the output was rising in three, stationary
in three and falling in 11; of the 11, eight had infants fulfilling the
criteria of placental insufficiency, two were doubtful and one was
normal. In the series as a whole the most common trend (63% of
patients) was one of stationary oestriol output; there was no suggestion
that the increase in oestriol values which is normal up to 40 weeks is
maintained beyond this time, in fact a plateau was reached in most
cases. This suggests that the dividing line between normal and sub¬
normal should also reach a constant value after 40 weeks, namely 12
mg. per 24 hour urine.

In this series the presence of meconium in the liquor appeared to
signify foetal hypoxia of recent onset because 31 of 43 patients with
meconium stained liquor had had clear amniotic fluid at amniocentesis.
The high incidence of oversized infants also suggests the importance of
cephalopelvic disproportion as a factor responsible for foetal distress
during labour.

It is considered that elective Caesarean section is indicated in patients
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with prolonged pregnancy when amniocentesis reveals meconium-stained
amniotic fluid and the oestriol excretion is below normal. The appear¬
ance of foetal distress during labour also warrants Caesarean section,
unless vaginal delivery can be promptly achieved. When there is
meconium in the liquor but normal oestriol values or when the liquor
is clear and the oestriol values are low, termination of the pregnancy is
indicated but the place of elective Caesarean section is less certain and
should be individualized. We agree with Smith, Greene and Touch¬
stone (1966), that "the management of prolonged pregnancy requires
excellent clinical judgement". The use of oestriol excretion as a means
of selection of the time and method of delivery when pregnancy is
prolonged, can only be justified if follow-up shows satisfactory neuro¬
logical development in the children of patients with normal oestriol
excretion who were managed conservatively.

Table 2

INCIDENCE OF FOETAL CONDITIONS IN PATIENTS WITH
LOW AND NORMAL OESTRIOL EXCRETION

Condition of Foetus Oestriol below
12 mg. per 24 hours

Oestriol 12 or more

mg. per 24 hours

Foetal distress in labour 65.3% 45.8%
Meconium stained liquor 57.6% 29.1%
Placental Insufficiency 65.3% 42.7%
Normal 7.6% 22.9%

Number of patients 26 96
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Many workers regard oestriol determination as
the most accurate method of assessment of
placental function and fetal well-being (Mac-
naughton, 1967), and in recent years it has been
established that a close correlation exists between
low urinary oestriol ex nation and perinatal
mortality and morbidity (Brown and Beischer,
1967; Wallace and Michie, 1966; Yousem,
Seitchik and Solomon, 1966). Conversely we
have found that even in patients with hyper¬
tension, pre-eclampsia, renal disease and poor
obstetrical histories no infant was lost after 30
weeks either in utero or in the neonatal period
when oestriol excretion remained above the line

joining 8 mg. per 24 hours at 30 weeks and 12 mg.
at 40 weeks (MacLeod et a!., 1967).

Although normal oestriol values provide
assurance that the fetus is in no immediate

danger it was considered worthwhile to examine
the significance of high urinary oestriol excretion
during pregnancy. In the present series the
perinatal mortality, placental and fetal birth-
weights, and the period of gestation at delivery
were analyzed in 149 consecutive patients in
whom oestriol values above 40 mg. per 24 hours
were recorded on one or more occasions,
irrespective of the indications for the oestriol
estimations. The time between the first recording
of high oestriol excretion and the spontaneous
onset of labour was also evaluated.

Material and Method

During the 31 months from March, 1965, to
September, 1967, urinary oestriol excretion was
estimated in 2,394 antenatal patients attending
the Royal Women's Hospital, Melbourne, and in

149 (6-2 per cent), values above 40 mg. per 24
hours were recorded. Included in this series were

606 "normal" patients in whom oestriol excretion
was studied prospectively throughout pregnancy;
these patients were selected purely on the criter¬
ion that when they were seen before 13 weeks of
gestation the uterine size corresponded to the
menstrual data, and they therefore provide an
ideal group in which to study the relationship
between high oestriol excretion and duration of
pregnancy.

The indications for oestriol estimation in the
149 patients with values above 40 mg. per 24
hours are shown in Table I. Oestriol excretion was

measured by the method of Brown et al. (1968).

Table I

Indications for Oestriol Estimation in 149 Patients
with Excretion above 40 mg. per 24 hours

Number of Patients

Indication
Single Twin

Pregnancy Pregnancy

Normal series 38 —

Prolonged pregnancy 36 —

Clinical evidence of placental
insufficiency 25 2

Hypertension 9 1
Anaemia 9 1

Rhesus isoimmunization 8 —■

Antepartum haemorrhage 7 1

Diabetes mellitus 4 —■

Pre-eclampsia 2 1

Hydramnios 2 —

Previous stillbirth 1 1

Ovulation induced pregnancy — 1

Total 141 8

622
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The placental : fetal weight ratios in control
series of 100 consecutive normal deliveries after
38 weeks of gestation and of 100 consecutive
infants weighing above 4,540 g. (10 pounds) at
birth were also determined for comparison with
those of patients with high oestriol excretion.

Results and Discussion
Incidence

The true incidence of high oestriol excretion is
best seen by study throughout pregnancy of a
large group of patients in whom induction of
labour was not performed. In the above group
of 606 such patients the incidence of high
oestriol excretion, defined as one or more values
greater than 40 mg. per 24 hours, was 6-2 per
cent, and in 16 of these 38 patients, the pregnancy
had reached 42 weeks or beyond before such
oestriol values were recorded. In this group in
which the duration of pregnancy was assessed as
correct, the earliest time at which high oestriol
excretion was recorded was 37 weeks gestation.

Among all the patients with high oestriol
excretion there were 141 singleton and 8 twin
pregnancies (Table II). In 37 of the singleton
pregnancies oestriol values above 40 mg. were
recorded on two or more occasions and the

highest oestriol value was 70 mg. per 24 hours.
In the twin pregnancies the highest oestriol value
was 80 mg. and the earliest gestation at which a
value above 40 mg. per 24 hours was recorded
was 32 weeks.

In the 141 singleton pregnancies the only
perinatal death was due to prolapse of the
umbilical cord during labour in a patient with a
breech presentation. In the eight twin pregnan¬
cies one infant died 24 hours after birth due to
the respiratory distress syndrome.

Placental and Fetal Birthweights
The average placental and fetal birthweights,

and the average placental : fetal weight ratios in
the groups studied are shown in Table II.

In the 141 singleton pregnancies with high
oestriol excretion the range of fetal birthweights
was 2,300 to 4,800 g. and the range of placental
weights was 375 to 1,000 g. In the group as a
whole the average fetal and placental weights
were above normal, the differences being highly
significant (P<0-001 for fetal birthweight, and
0-001<P<0-005 for placental weight), although
in 30 patients both fetal and placental weights
were below the normal average (Table 11). Of
these 141 infants, 20-5 per cent weighed more
than 4,080 g. (9 pounds) at birth whereas only
6-2 per cent of the 7,250 infants born in this
hospital during 1966 weighed more than 4,080 g.

Urinary oestriol excretion above 50 mg. per
24 hours was recorded in 40 patients with a single
fetus, and in these the average fetal and placental
weights were 3,923 and 676 g. respectively,
although in 4 of these patients both fetal and
placental weights were below the normal average.

Little (1960) defined an abnormally large
placenta as one with a placental : fetal weight

Table II

Perinatal Mortality and PlacentaI : Fetal Weight Ratios

Group
Number

of
Patients

Perinatal Mortality

Stillbirths
(per cent)

Neonatal
Deaths

(per cent)

Average
Placental

Weight
(g)

Average
Birthweight

(g.)

Average
Placental :

Fetal

Weight
Ratio

Placental
Weight

Above 700 g

(per cent)

Oestriol above 40 mg. per
24 hours

(a) Singleton 141 0-7 — 621 3,716 016 19-8

(b) Twins 8 — 6-2 901 5,780 0-15 —

Control series

(a) Normal deliveries
after 38 weeks 100 — — 570 3,493 0-16 9-0

(b) Birthweight above
4,540 g. (10 pounds) .. 100 10 — 768 4,740 0-16 51-0
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Table III

Urinary Oestriol Excretion After 37 Weeks in 160 Patients in Whom Spontaneous Labour Occurred Before 42 Weeks

Oestriol Values (mg. per 24 hours)
37

Duration of Gestation

38 39

in Weeks

40 41

Percentage above 40 .. 5-0 .—. 11-6 12-2

Percentage 40 to 12 90-0 90-9 81-6 79-3 66-6

Percentage below 12 .. 5-0 90 6-6 8-1 33-3

Number of estimations 20 22 60 49 9

coefficient above 0-20. The average placental
coefficient in our control series of normal
deliveries and in the 141 patients with oestriol
values above 40 mg. was 0-16, but in the latter
series the placental coefficient exceeded 0-20 in
14-2 per cent of cases compared with 6-0 per
cent in the control series.

Fetal Sex and Placental and Fetal Birthweight
There was a slight preponderance of male

infants in relation to high oestriol excretion and
placental and fetal weights. In the 141 patients
with oestriol values above 40 mg. per 24 hours,
54-6 per cent of the infants were males; in the 40
patients with oestriol values above 50 mg., 55-0
per cent of the infants were males; also 62-0 per
cent of the 29 infants weighing more than 4,080 g.
were males. The placenta weighed above 700 g.
in 28 of the 141 patients, and in 64-2 per cent
of these the infants were males.

Period of Gestation and High Oestriol Excretion
The correlation between prolonged pregnancy

and urinary oestriol excretion was examined
because pregnancy was prolonged beyond 42
weeks in 74 of 141 patients with single fetuses
and oestriol excretion above 40 mg. per 24 hours.

The apparent correlation suggested by these
figures could have been due to our practice of
routine estimation of oestriol excretion in

patients with prolonged pregnancy, which we
define as one reaching 42 weeks or beyond. We
tend to estimate oestriol excretion more fre¬

quently during late pregnancy at the time when
oestriol values are most likely to be at their
highest.

The oestriol excretion in the 606 patients who
were seen before 13 weeks when the size of the
uterus corresponded to the menstrual data, was
examined. These patients were divided into those
who came into spontaneous labour before 42
weeks (445 patients) and those who delivered
after this time (161 patients). The incidences of
high and low oestriol excretion from 37 weeks
until delivery in these two groups are shown in
Tables III and IV; because of administrative
difficulties and our emphasis on post-term
oestriol measurement, only 160 of the 445
patients had oestriol determinations between 37
weeks and delivery. These results indicate that
there is no correlation between high oestriol
excretion and prolonged pregnancy, the apparent
correlation being the result of more frequent
oestriol estimations in patients past term.

Table IV

Urinary Oestriol Excretion After 37 Weeks in 161 Patients Who Had Prolonged Pregnancies

Oestriol Values Duration of Gestation in Weeks

(mg. per 24 hours) 37 38 39 40 41 42 43 44 45 46

Percentage above 40 —- 90 100 18-3 10-4 11-9 10-0 _

Percentage 40 to 12 71-4 100 81-8 86-6 71-4 79 1 75-0 85-0 100 100
Percentage below 12 28-5 — 90 3-3 10-2 10-4 130 5-0 — —

Number of estimations 7 5 22 30 49 239 84 20 3 5
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Fig. 1

Urinary oestriol values after term in 161 patients who delivered at 42 weeks
or beyond. The solid line represents the average level of oestriol excretion.

The oestriol values after 40 weeks in the 161
patients with prolonged pregnancies are shown
in graphic form in Figure 1. The average level of
urinary oestriol excretion did not continue to
rise after term but remained in the range 22 to 26
mg. per 24 hours from 41 to 44 weeks. It is
apparent that after 39 weeks of gestation,
urinary oestriol excretion above 40 mg. per 24
hours represents approximately the 90th percen¬
tile line (Figs. 1 and 2, Tables III and IV).

High Oestriol Excretion and the Time until
Spontaneous Onset ofLabour

It has been claimed that high urinary oestriol
excretion correlates significantly with an early
onset of labour suggesting a rapid rate of
oestrogen metabolism in a fetus whose delivery
is reasonably imminent. Turnbull, Anderson and
Wilson (1967), found that at the 34th week there
was a significant correlation between the level of
urinary oestriol and the duration of gestation at
the subsequent onset of labour, and Klopper and
Billewicz (1963) stated that the higher the mater¬
nal urinary excretion of oestriol at the 38th week
of gestation, the nearer was delivery. Each of

21

these reports also stated that there was no evi¬
dence for an association between oestriol excre¬

tion and the birthweight of the baby. The data
obtained in the present study does not support
these statements. Table V shows that high
urinary oestriol values do not indicate that
labour is imminent even when the patient is at or
past term; only 44 of 149 patients were in labour
within three days of the initial high oestriol value
being recorded, and of these 32 were already at
or beyond 40 weeks of gestation. One patient had
an oestriol excretion of 43 mg. per 24 hours at
40 weeks and came into spontaneous labour 30
days later, during which time six of seven further
oestriol estimations gave values above 50 mg. per
24 hours.

High Oestriol Excretion throughout Pregnancy
It is of some interest to know whether patients

with high oestriol excretion in late pregnancy also
had persistently high urinary oestriol values in the
first and second trimesters, because it is thought
that it is only after about the 20th week that the
major proportion of the urinary oestriol is derived
from fetal precursors (Macnaughton, 1967).
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Fig. 2

Oestriol excretion throughout pregnancy in 10 singleton and one twin
pregnancy in which values above 40 mg. per 24 hours were recorded. Oestriol
excretion may exceed the 90th percentile in all trimesters or may occur for

the first time near term.

The oestriol excretion throughout pregnancy
in ten singleton and one twin pregnancy in which
values above 40 mg. per 24 hours were reached,
is shown in Figure 2. Because the period of
gestation had been confirmed during the first
trimester in these patients they provide a suitable
group in which to study the gestation at which
high oestriol excretion first occurs. The 90th
percentile line in Figure 2 was derived from 1,592
oestriol estimations in 492 patients whose period
of gestation had been assessed as correct. It
would seem that oestriol excretion may exceed
the 90th percentile near term yet be below
average during the first 22 weeks, although some

patients show oestriol excretion above the 90th
percentile throughout pregnancy.

Twin Pregnancy
The binovular twin pregnancy shown in

Figure 2 resulted from induction of ovulation
with human pituitary follicle stimulating hor¬
mone and chorionic gonadotrophin. The urinary
oestriol levels in this patient were unusually high
and were approximately double the 90th percen¬
tile for singleton pregnancies from 18 weeks
onwards. We have studied oestriol excretion

throughout pregnancy in six other patients with
naturally occurring twin pregnancies, two of

I
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Table V

Table Showing the Correlation Between the Duration of Gestation at Which Oestriol Excretion First Exceeded
40 mg. per 24 hours and the Time Until Delivery in 149 Patients

Gestation in Weeks When
Oestriol Above 40 mg. —

Was First Recorded 0-3

Time Between First High Oestriol and Delivery in Days

4-7 8-14 15-21 22-28 More than 28

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

1
5
2

4(1)
10(1)
3(1)
II
4

3
1

4(1)
9
4
9
5
3
1
2

1

2
5(2)
2(1)
5
2
1
2

1(1)

Total number of patients 44 32 40 20

Figures in parentheses denote twin pregnancies.

which were uniovular; five of these patients had
oestriol values above the 90th percentile for
singleton pregnancies but none showed the
remarkably high oestriol excretion after 26 weeks
which was seen in the patient shown in Figure 2,
whose combined fetal and placental weights were
6,250 and 900 g. respectively.

Summary and Conclusions
In a series of 2,394 patients the incidence of

urinary oestriol excretion exceeding 40 mg. per
24 hours was 6 ■ 2 per cent, and after 39 weeks of
gestation an oestriol value above 40 mg. repre¬
sents approximately the 90th percentile (Figs. 1
and 2, Tables III and IV).

In 141 consecutive singleton pregnancies with
oestriol values above 40 mg. per 24 hours the
only perinatal death was due to prolapse of the
umbilical cord. A high oestriol value therefore
provides assurance that the fetus is not in
jeopardy, regardless of the nature of associated
obstetrical complications which indicated inves¬
tigation of oestriol excretion (Table I). This
series illustrates that prolonged pregnancy,
clinical placental insufficiency and hypertension,
which are usually considered in terms of low

oestriol excretion and increased perinatal mor¬
tality, may also be associated with high oestriol
excretion without fetal jeopardy.

In the 141 patients with oestriol values exceed¬
ing 40 mg. per 24 hours the average fetal and
placental weights were above normal (Table II),
the differences being highly significant. In 30 of
these patients, however, both fetal and placental
weights were below the normal average indicat¬
ing that some other factor, such as the size of the
fetal adrenal gland as suggested by Frandsen
(1963), is more directly associated with maternal
oestriol excretion.

Although oestriol excretion above 40 mg. per
24 hours was not seen before 37 weeks in
singleton pregnancies, no correlation was found
between high oestriol excretion and prolonged
pregnancy (Tables III and IV). Also our data
does not support the concept that a high oestriol
excretion is indicative that spontaneous labour
is imminent (Table V).

It was found that high oestriol excretion in late
pregnancy was not always preceded by oestriol
values above the 90th percentile from 18 to 38
weeks, although this was usual in multiple
pregnancies (Fig. 2).
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Urinary estriol values below normal were found after 30 weeks' gestation in 25
per cent of 133 patients with hemoglobin levels below 10 Gm. per 100 ml.;
the percentage of low estriol levels was the same whether the anemia was due to
thalassemia (46 patients) or to other causes (87 patients). The significance of these
low estriol values is discussed and illustrative case reports are presented. These
findings indicate that anemia should be classified along with the other well-known
conditions as having an important association with low estriol values.

Although chronic anemia has a serious
influence on maternal mortality and morbid¬
ity, there is less certainty regarding its impor¬
tance in terms of fetal survival, and any cor¬
relation may be seen only when anemia is
severe and untreated.11 Llewellyn-Jones8 re¬

ported that the main effects of maternal
anemia on the fetus were a high stillbirth rate
and an increase in premature births; in his
series of 2,250 patients with hemoglobin
values below 6.5 Gm. per 100 ml. the still¬
birth rate was 9.1 per cent compared with a
rate of 1.5 per cent in "nonanemic" patients.

Patients with thalassemia minor provide an
ideal group in which to study the effects of
maternal anemia on fetal well-being, for the

degree of anemia is often severe and varies
little throughout pregnancy because treat¬
ment with blood transfusion is contraindi-
cated and coexistent iron deficiency is un¬
usual (Table I). A review of 196 patients
with beta thalassemia disclosed unusually
high incidences of placentas weighing above
900 grams and below 300 grams, and the
stillbirth rate was twice the over-all hospital
figure.2 In a previous study of urinary estriol
excretion in 211 "normal" pregnancies,9 an

unexpected finding was that 4 of 13 patients
showing estriol excretion below the fifth per¬
centile had hemoglobin values below 10 Gm.
per 100 ml., and, of these, 3 had thalassemia
minor. These findings suggested that in thal¬
assemia there was a predisposition to abnor¬
mal placental weight, low estriol excretion,
and intrauterine fetal death. Therefore a

prospective study was planned to investigate

From the Royal Women's Hospital and
Department of Obstetrics and
Gynaecology, University of Melbourne.
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Table I. Hemoglobin and serum iron levels in 133 patients
Thalassemia Other anemias

Normal estriol Low estriol Normal estriol Low estriol
excretion excretion excretion excretion

No. of patients No. of patients No. of patients No. of patients
Lowest hemoglobin value

(Gm. %)
3.1 -4.0 _ 1 — -

4.1 -5.0 — _ - 1
5.1 -6.0 1 _ - —

6.1 -7.0 4 - 2 -

7.1 -8.0 9 2 3 6
8.1 -9.0 15 7 43 8
9.1 -9.9 5 2 18 6

Serum iron (/ig %)
0- 40 3 _ 11 1

41 - 80 6 3 20 7
81 - 120 9 3 9 3

121 - 160 13 4 2 1
161 -200 1 1 _ _

Above 200 - 1 - -

Hemoglobin A. (%)
4.1 - 6.0 - - 4 4
6.1 - 8.0 18 5 _ —

8.1 - 10.0 9 3 - -

Above 10.0 7 4 — —

Table II. Associated complications in 133 anemic patients

Condition

Thalassemia minor Other anemias

Normal estriol Low estriol Normal estriol Low estriol

Number % Number 1 % Number % Number | %
*Prolonged pregnancy 4 11.7 3 25.0 14 21.2 6 28.5

Hypertension - - 2 16.6 7 11.6 1 4.7
Pre-eclampsia 5 14.7 2 16.6 3 4.1 2 9.5
Renal tract infection 1 2.9 - - 3 4.1 3 14.2
Cholestatic jaundice 3 8.8 - - 2 3.0 - -

Porphyria - - - - - - 1 4.7

Puerperal infection 5 14.7 2 16.6 12 18.1 5 23.8
Antenatal blood transfusion - - 1 8.3 - - - -

Total number of patients 34 12 66 21

^Prolonged pregnancy = 14 days or more beyond the due date of confinement.

estriol excretion in patients with thalassemia
and other pregnancy anemias.

Material and methods

At the Royal Women's Hospital, Mel¬
bourne, approximately 30 per cent of the
7,500 patients delivered annually are of
Greek or Italian birth and the incidences of
thalassemia minor in women of these nation¬

alities are 6.8 and 2.0 per cent, respectively.0
In this hospital 50 to 60 new cases of thal¬
assemia are recognized each year, the criterion
for diagnosis being a hemoglobin A2 com¬

ponent above 6.0 per cent as measured by
paper electrophoresis. Hemoglobin estima¬
tions are performed on all antenatal patients
at the first visit and at 26 and 36 weeks, and
further hematologic investigations are carried
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Table III. Mode of delivery and other obstetric data in 133 patients

Thalassemia minor Other anemias

Normal estriol Low estriol Normal estriol Low estriol

Num¬ Num¬ Num¬ Num¬
ber % ber % ber % ber %

Type of delivery Spontaneous 24 70.5 7 58.3 44 66.6 14 66.6
vertex

Forceps 6 17.5 3 25.0 14 21.2 4 19.0
Breech 2 5.8 - _ 3 4.5 - _

Cesarean sec¬ 2 5.8 2 16.6 5 7.5 3 14.2
tion

Country of birth Greece 21 61.7 9 75.0 25 37.8 8 38.0
Italy 13 38.2 3 25.0 14 21.2 6 28.5
Australia - - _ - 27 40.9 7 33.3

Parity Primiparas 16 47.0 7 58.3 20 30.3 10 47.6
Multiparas 18 52.9 5 41.6 46 69.6 11 52.3

Fetal sex Male 18 52.9 6 50.0 34 51.5 12 57.1
Female 16 47.0 6 50.0 32 48.4 9 42.8

Fetal distress in labor 12 35.2 5 41.6 10 15.1 7 33.3
Perinatal wastage NIL NIL 1* NIL
Average fetal birth 3,252 3,142 3,439 3,315

weight (grams)
Average placental 596 558 597 574

weight (grams)
Total number of 34 12 66 21

patients
'^Intrauterine death due to cord prolapse.

out only in those found to have hemoglobin
values below 10 Gm. per 100 ml.

In the present series estriol excretion was
studied in 133 antenatal patients, the major¬
ity of whom were delivered during the 12
months from April, 1966, to March, 1967.
One patient had sickle cell thalassemia, 45
had thalassemia minor, and most of the re¬

maining 87 had iron deficiency anemia. These
patients were not consecutive because those
with thalassemia and more severe degrees of
anemia were preferentially selected. No pa¬
tient having antepartum vaginal bleeding was
included.

Urinary estriol excretion was measured by
the method of Brown and associates.4 This is
a rapid method based on the Kober color
reaction, and extractions are performed in a
semiautomatic partition apparatus. A nor¬
mal series involving 425 measurements on
211 women has been described elsewhere.1'9
All these patients were seen before 13 weeks
to insure that menstrual dates correlated with
the size of the uterus, and only those preg¬

nancies proceeding uneventfully and resulting
in delivery of normal surviving infants were
included. The lower limit of normal estriol
excretion was taken as a line which joined
8 mg. per 24 hours at 30 weeks and 12 mg.
at 40 weeks and which remained at 12 mg.
thereafter. This was approximately the fifth
percentile line for this group of pregnancies.

Results

Urinary estriol excretion after 30 weeks'
gestation was below normal on one or more
occasions in 33 of the 133 (24.8 per cent)
patients investigated; the incidences of sub¬
normal estriol excretion were similar in the
46 patients with thalassemia (26.0 per cent)
and the 87 with anemia due to other causes

(24.1 per cent).
Thalassemia minor. A total of 158 estriol

estimations were performed after 30 weeks in
46 patients with thalassemia. Values below
normal were obtained in 12 patients but in
only 6 was this finding made on more than
one occasion. The presence of associated ob-

1
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Fig. 1. Placental and fetal weights from 46 patients with thalassemia. Percentile curves were
derived from 2,054 consecutive deliveries where gestational age was assessed as correct. + =
Subnormal estriol excretion.
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stetric complications in some patients made
it difficult to single out maternal anemia as
the factor responsible for the abnormal estriol
excretion (Table II). In 2 patients estriol
excretion fell below the normal range only
when the pregnancies had proceeded beyond
41 weeks.

There was poor correlation between low
estriol excretion and placental or fetal birth
weights (Fig. 1). In patients whose estriol
excretion was within the normal range the
average fetal and placental weights were
higher than in those with low estriol excre¬
tion (Table III), but the differences were not
statistically significant (t = 0.90 and 0.88,
respectively). In the group as a whole the
incidence of abnormally large placentas was
above normal.2 Urinary estriol values were
unrelated to the degree of maternal anemia
(Fig. 2) or to the sex of the fetus (Table
III). The method of delivery, race, parity,
and other obstetric data of the patients
studied are shown in Table III. There was

a high incidence of fetal distress in labor
which was however unrelated to the level of

urinary estriol excretion.
Case reports.
Case 1. An Italian primigravida with sickle

cell thalassemia and chronic renal disease had

hemolytic crises necessitating blood transfusions
at 24 and 32 weeks' gestation (Fig. 3). Urinary
estriol values were persistently below normal
and a small living infant was delivered by cesar¬
ean section at 37 weeks.

The low estriol values could have been due
to the renal disease or to impairment of oxygen¬
ation of the fetus and placenta consequent upon
the severe maternal anemia.

Case 2. A Greek multigravida with thalas¬
semia minor had an uneventful pregnancy ex¬
cept for failure to gain weight after 31 weeks.
Estriol values were always low (Fig. 4) and
hypertension (150/90) developed at 40 weeks.
A normal delivery occurred 32 hours after
amniotomy and the infant, although slow at
birth, responded to resuscitation.

The estriol excretion was below normal for
at least 5 weeks before delivery and therefore
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Fig. 4. Thalassemia minor (Case 2). Urinary cs-
triol values were consistently below the normal
range. Mild hypertension developed at 40 weeks.

would seem to be related to the patient's anemia
rather than to the mild hypertension which
appeared at term.

Other anemias. A total of 263 estriol esti¬
mations were performed after 30 weeks' ges¬
tation in 87 patients. Values below normal
were obtained in 21 patients, but in only 8
was this finding made on more than one oc¬
casion. Postterm pregnancy seemed to be an
important associated condition which may
have resulted in the subnormal estriol values
found in some patients (Table II); indeed,
there were 6 who had normal estriol excre¬

tion until the pregnancies proceeded beyond
41 weeks and at this time only 4 had hemo¬
globin values which had remained below 10
Gm. per cent.

There was poor correlation between low
estriol excretion and placental and fetal birth
weights (Fig. 5). In patients in whom estriol
excretion was within the normal range, the
average fetal and placental weights were

higher than in those with low estriol excre¬
tion (Table III), but the differences were
not statistically significant (t = 0.28 and
0.76, respectively). The degree of maternal
anemia was unrelated to urinary estriol
values (Fig. 6). The incidence of fetal dis¬
tress in labor in patients with low estriol ex¬
cretion was twice that of patients whose
estriol excretion was within the normal range
(Table III).

Case report.
Case 3. An Australian multigravida, whose 2

previous pregnancies were uneventful, presented
at 27 weeks' gestation with malnutrition and
dehydration due to vomiting and diarrhea. Re¬
sults of relevant investigations were: hemoglobin
6.4 Gm. per 100 ml., serum iron 147 jug per
100 ml., total serum proteins 3.9 Gm. per 100
ml. (albumin 2.1 Gm.), and prothrombin time
8 per cent. Bone marrow examination revealed
a classical megaloblastic picture, and after ad¬
ministration of folic acid (15 mg. daily) the
reticulocyte count rose from 0.3 to 19.1 per cent.

Thereafter the hemoglobin, after falling to
4.7 Gm. per 100 ml., rose steadily and was
paralleled by a similar increase in urinary
estriol values which, during the period of severe
anemia, were well below the normal range (Fig.
7). The vomiting and diarrhea ceased and
further antenatal progress was uneventful until
at term the patient's weight became stationary,
and estriol excretion again fell below the normal
range and was 6.1 mg. per 24 hours when the
patient was 11 days past term. Labor began
spontaneously and resulted in a normal de¬
livery of a living infant.

The severe anemia and depression of serum
protein formation were indicative of the pro¬
found state of malnutrition seen in this patient
and either could have caused the subnormal
estriol excretion recorded from 27 to 31 weeks.
No satisfactory explanation can be offered for
the progressive fall in estriol excretion after 38
weeks.

Comment

Urinary estriol excretion below normal
at any time during the third trimester is
associated with a perinatal mortality of ap¬
proximately 30 per cent in patients with pre¬
eclampsia, hypertension, chronic renal dis¬
ease, or a poor past obstetric history.9 It is
also true that fetal prognosis in the same
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WEEKS OF GESTATION

Fig. 7. Nutritional megaloblastic anemia (Case 3). Estriol values rose to within normal limits
as the anemia responded to folic acid administration but fell after 38 weeks. The infant at
birth did not appear to have "placental insufficiency."

groups of patients is excellent when estriol
excretion remains in the normal range.9 Re¬
cent reports indicate that surviving infants
have a 15 to 35 per cent risk of having de¬
velopmental abnormalities or severe cerebral
sequelae, such as convulsive disorders or
mental retardation, when maternal estriol
values have been below normal.12' 13

The present study indicates that subnor¬
mal estriol excretion occurs in approximately
25 per cent of patients with hemoglobin
values below 10 Gm. per 100 ml., the inci¬
dence being similar in patients with thalas¬
semia minor and those with anemia due to

other causes. Although the incidence of fetal
distress in labor was high, the only fetal
death was due to cord prolapse in a patient
with normal estriol excretion, and none of
the 133 surviving infants have so far shown

evidence of neurological abnormalities, al¬
though there has not yet been time for a
long-term follow-up. Hocking and Ibbotson5
also found an increased incidence of fetal
distress in patients with thalassemia, but
their data unlike ours indicated that the dis¬
tress was the result of mechanical causes.

In our series estriol values did not, in
general, correlate with the degree of anemia
even in thalassemia, a condition in which
hemoglobin levels remain fairly constant.
However, in Case 3, in which anemia was

profound, the estriol values increased pro¬
gressively as the anemia responded to treat¬
ment, suggesting a cause-and-effect relation¬
ship, and also that correction of anemia
might improve disordered placental function.
When considering the poor correlation found
between hemoglobin and estriol values, it is
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well to remember that a similar relationship
occurs in patients with hypertension and
renal disease, for here too estriol values are
not proportional to the severity of the dis¬
ease. In these conditions estriol excretion is
below normal in 29 per cent of pregnancies,9
but it is only when estriols are low that the
fetus is at risk.

In the present series the absence of peri¬
natal deaths when anemia was associated
with low estriol values might suggest that the
fetuses were not in jeopardy and that low
estriol excretion is not an ominous finding
when maternal anemia is the only obstetric
abnormality present. However, in these pa¬
tients the incidence of fetal distress in labor
was high, and the cesarean section rate
(Table III) was more than 3 times that in
the over-all hospital population. We believe
these findings indicate the need for caution
before assuming that low estriol values are
without significance in anemic patients.

The placental weights seen in this series
were also of interest in that the incidence of

placentas weighing above 700 grams was
approximately twice normal,2 although there
were examples of both abnormally small and
abnormally large placentas associated with
low estriol excretion (Figs. 2 and 6). The
relationship between placental weight and
the high stillbirth rate reported by Llewel¬
lyn-Jones8 in severely anemic patients still
awaits clarification, but our data would sug¬

gest that placental insufficiency can occur in
such patients when the placenta is enlarged

as well as when the classical syndrome of
"hypoplacentosis"7 is present.

The presence of associated obstetric com¬
plications, such as pre-eclampsia and pro¬
longed pregnancy, which are also associated
with low estriol excretion, increased the
difficulty in deciding whether the low estriol
values found in some patients were in fact
related to anemia per se. We have encoun¬
tered instances in which low estriol values

preceded the onset of pre-eclampsia and hy¬
pertension, and this sequence is illustrated
by Case 2. It is possible that in such patients
maternal anemia influences placental forma¬
tion and function which results in the sub¬

sequent development of complications that
are accepted by the clinician as being asso¬
ciated with placental insufficiency and low
estriol excretion. It is well to recall that in

prolonged pregnancy and hypertension as
well as in anemia the finding of low estriol
excretion establishes a clinical association
without providing an explanation of the
operative mechanism.

We are grateful to the Medical Staff of the
Hospital for their cooperation in this study and
to Misses M. L. Johnson and G. Haag, Depart¬
ment of Pathology, Royal Women's Hospital,
for preparation of the illustrations. Misses P.
Goode, P. Fischer, and Y. Piatek provided
skilled technical assistance.

This study was supported by a grant from
the National Health and Medical Research
Council.
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Correlation between urinary estriol excretion and
fetal acidosis in high-risk pregnancies
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Urinary estriol excretion and fetal acid-base status were measured in 80 patients
with high-risk pregnancies. Estriol excretion was below normal limits in 24 patients
(30 per cent), and in this group the incidence of pH values less than 7.20 was 41
per cent, which was significantly different from that in patients with normal estriol
values (p <f 0.001). The detection of low urinary estriol excretion by screening of
all high-risk pregnancies would enable more accurate selection of those patients
who require fetal blood pH measurement.

The need for more accurate diagnosis
of fetal distress is emphasised by the poor
correlation between the condition of the in¬
fant at birth and that predicted by the
clinical criteria of alteration of fetal heart
rate and the presence of meconium in the
liquor.1 Recently it has been shown that
the measurement of pH in fetal scalp blood
during labor is more accurate in determin¬
ing fetal prognosis than are the clinical signs
of fetal distress.2 Only 1 in 5 patients with
meconium in the liquor has a low fetal pH
been found and those patients with a nor¬
mal fetal pH can be managed conservative¬
ly.3 While fetal pH may improve diagnostic
accuracy for the obstetrician, a problem con¬
cerning the selection of patients for this test

exists as clinical methods are inadequate in
selecting all patients in whom the fetus is
in jeopardy. Extensive studies of the mea¬
surement of urinary excretion of estriol have
shown this to be useful in predicting fetal
hazard. In patients with pre-eclampsia, hy¬
pertension, and suspected placental insuf¬
ficiency the estriol excretion is invariably
below normal when perinatal deaths occur.4

In the present investigation both the uri¬
nary excretion of estriol and the fetal acid-
base status were measured in 80 patients and
these results analyzed in relation to the fetal
outcome. By this means it was hoped to
compare the usefulness of these 2 tests of
fetal condition and to determine whether the
measurement of urinary estriol excretion
would enable more accurate selection of pa¬
tients requiring fetal blood pH measure¬
ment.

Material and methods

Table I lists the main obstetric complica¬
tions indicating investigation, but most pa¬
tients showed evidence of intrauterine growth

From the Departments of Obstetrics and
Gynaecology, University of Melbourne,
Royal Women's Hospital, and Monash
University Medical School, and Queen
Victoria Memorial Hospital.
This study was supported by grants
from the National Health and Medical
Research Council and The Three R's
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liable I. Indications for investigation of urinary estriol and fetal acid-base status and asso¬
ciated obstetric data

Indication for
investigation

No. of
patients

Subnormal
estriol
values

pH
< 7.20

Meconium
in liquor

No
liquor

Apgar
0-3

Fetal growth
retardation

(weight <(10lh
percentile )

Prolonged pregnancy
(> 42 weeks) 11 3 3 7 1 1 2

Intrauterine growth
retardation 21 8 4 7 3 3 8

Hypertension 23 2 1 6 1 2 4

Pre-eclampsia with
proteinuria 21 10 5 6 — 5 7

Rhesus isoimmuniza¬
tion 1 1 1 1 1

Diabetes mellitus 3 — - 1 - - —

Total 80 24 14 28 5 11 22

Table II. Relationship between urinary estriol excretion, fetal pH, and the condition of the
fetus at birth

Fetal pH
Fetal growth retardation

Urinary estriol
values

No. of
patients

Apgar score
weight <( 1 Oth

percentile
^5= 10th

percentile< 7.20 | > 7.20 0-3 4-10

Normal
Subnormal

56
24

4 ( 7%) 52
10 (41%)* 14

5
6

( 9%)
(25%)

51
18

8 (14%)
14 (58%)f

48
10

Total 80 41 66 11 69 22 58

*The incidence of low pH in the patients with subnormal estriol levels is significantly different from that in patients
with normal estriol values (p < 0.001).

fThe incidence of fetal growth retardation in the patients with subnormal estriol values is significantly different from that
in patients with normal estriol levels (p < 0.001).

retardation, although this was seldom the
only abnormality present. This study was
performed during the 12 months January to
December, 1967, and the patients were se¬
lected from the combined obstetrics popu¬
lations of the Royal Women's Hospital and
the Queen Victoria Memorial Hospital, Mel¬
bourne, an annual total of approximately
13,000 patients.

Estriol excretion was measured by the
method of Brown and associates5 and was

considered to be subnormal if the values
were below the line joining 8 mg. at 30
weeks' gestation to 12 mg. at 40 weeks and
beyond.4 Fetal scalp capillary blood was
collected by the method of Saling.8 The
fetal pH was measured by the ultramicro-
method of Astrup and associates7 or an I.
L. 113 ultramicroelectrode assembly at 38°

C. The condition of the infant at birth was

assessed by the Apgar score 2 minutes after
delivery and the presence or absence of
placental insufficiency, evaluated by a senior
pediatrician. Fetal growth retardation was
diagnosed when the infant's weight was be¬
low the tenth percentile for the period of
gestation as seen in patients in this com¬
munity.8

Results

Normal excretion of urinary estriol (Ta¬
ble II). Only 4 of 56 patients in this group
had a fetal blood pH of less than 7.20.
This incidence of low pH is similar to that
of patients with "high-risk" pregnancies.3 Of
the 4 with a low pH, 3 were born in poor
condition (Apgar 0-3) but soon recovered
and in the other a repeat pH measurement
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was normal (Case 5). Both the urinary
estriol and fetal blood pH were normal in
2 patients whose fetuses were born with a
low Apgar score. In one of them the cord
prolapsed some time after the fetal blood
collection and the fetus was stillborn, while
the other developed an abnormal heart rate
pattern 1 to 2 hours before delivery.

In these 56 patients with normal estriol
excretion the incidence of cesarean section
was 12.5 per cent and the perinatal mor¬
tality rate was 1.8 per cent.

Subnormal excretion of urinary estriol
(Table II). Low estriol values were recorded
in 30 per cent of the 80 patients, which is
a similar incidence to that previously re¬
ported in complicated pregnancies.4 Forty-
one per cent of the patients with low es¬
triol values had a fetal scalp blood pH of
less than 7.20, and this incidence was sig¬
nificantly higher (p <0.001) than that in
patients with normal urinary estriol values.
Six of the fetuses were born with a low

Apgar score (0-3), 5 of them also having
a fetal pH of less than 7.20.

In these 24 patients with low estriol ex¬
cretion the cesarean section rate was 50

per cent and the perinatal mortality rate
was 8.3 per cent.

Fetal pH and Apgar score. Although our
previous studies have shown that fetal aci¬
dosis is associated with poor condition of
the fetus at birth (Apgar 0-3),2' 3 it was
important to determine whether this rela¬
tionship held in the present study. Fetal
acidosis (pH <7.20) was present in 8 of
11 babies born in poor condition (Apgar
0-3) but in only 6 of 69 born in moderate
to good condition (Apgar 4-10), the differ¬
ence in the incidence of fetal acidosis in the
two Apgar score groups being highly sig¬
nificant (p <0.001).

Illustrative case reports
The value of low urinary estriol excre¬

tion and low fetal pH as joint indicators of
significant and perhaps irreversible fetal
damage is shown in Cases 1 to 3. There
seems no place for conservative manage¬
ment when both of these parameters indi¬
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cate fetal jeopardy, irrespective of the fetB
heart rate pattern. V

Case 1. Clinical evidence of intrauterine feta^
growth retardation was first noted at 32 weeks'
gestation in a 27-year-old primigravida with
hypertension. Urinary estriol excretion was 17
mg. per 24 hours at 32 weeks but had fallen to
4.9 mg. at 35 weeks, at which time proteinuria
was first recorded. At amniotomy at 36 weeks'
gestation the liquor was clear, but the fetal pH
was 7.13 and after 6 hours a value of 6.79 was

obtained. The fetal heart rate was monitored
and showed changes, suggesting uteroplacental
insufficiency. Fetal heart sounds became unre-
cordable 20 minutes later. The infant was a still¬
born male and weighed 1,050 grams. The pla¬
centa weighed 325 grams and showed extensive
infarction.

Case 2. A 23-year-old primigravida with clini¬
cal evidence of oligohydramnios had a urinary
estriol excretion of 7.2 mg. at 43 weeks' gesta¬
tion. No liquor was obtained at amniotomy but,
as the fetal heart was regular, labor was allowed
to proceed. The fetal pH when the cervix was
4 cm. dilated was 7.14. After 12 hours of labor
the patient was spontaneously delivered of a
female infant weighing 2,970 grams. The infant
showed obvious placental insufficiency, required
vigorous resuscitation, and had 4 cyanotic at¬
tacks during the 36 hours after birth. The pla¬
centa weighed 400 grams.

Case 3. A 25-year-old primigravida had a
urinary estriol excretion of 9.8 mg. at 42 weeks'
gestation. Meconium-stained liquor was obtained
at amniocentesis and amniotomy and, following
the latter procedure, the fetal heart was irregu¬
lar, fluctuating between 90 and 100 beats per
minute. The fetal scalp pH at amniotomy was
7.14. Cesarean section was performed and the
patient was delivered of a male infant weighing
2,540 grams. The infant was in poor condition
at birth and although resuscitation was effec¬
tive, there were subsequently a number of cy¬
anotic attacks. The placenta weighed 350 grams.

Although low estriol excretion indicates
termination of a mature pregnancy, a fetal
pH within the normal range shows that
there is no need for immediate abdominal

delivery. The patient in the following report
had an estriol value which is usually diag¬
nostic of intrauterine fetal death yet at
birth the condition of the infant was satis¬

factory.
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Case 4. A 20-year-old primigravida with clini¬
cal evidence of intrauterine fetal growth retarda¬
tion had a urinary estriol excretion of 0.9. mg.
at 41 weeks' gestation. An amniotomy meconium
was obtained and the fetal scalp pH was 7.29.
The fetal delivery was performed. The infant,
a living female weighing 2,620 grams, showed
the signs of growth retardation but had an Ap-
gar score of 7 at 2 minutes. Atelectasis was the
only neonatal complication. The placenta
weighed 650 grams and contained several in¬
farcts.

The finding of fetal acidosis determines
the time and therefore the method of de¬

livery, but its presence should be confirmed
by a second estimation of scalp blood pH.
The next case report illustrates the need for
this as an initial low pH was not confirmed
on the second fetal blood pH measurement.

Case 5. A 21-year-old primigravida with hy¬
pertension had an amniotomy performed at 38
weeks' gestation, the estriol values having been
29 mg. both at 36 and 37 weeks. The amniotic
fluid contained meconium and the scalp pH was
7.18. The fetal heart rate was normal. Repeti¬
tion of pH estimation gave a value of 7.38.
Spontaneous labor was allowed and a living
male infant weighing 3,070 grams was born in
good condition by midforceps delivery. The pla¬
centa weighed 525 grams.

Comment

From the present study it was clear that
a low urinary excretion can be used not only
to help determine the timing of termination
of a pregnancy but also to predict the like¬
lihood of the presence of fetal acidosis. As
indicated in the case reports, both the tests
have some limitation, but when used in com¬
bination they have an increased value to the
obstetrician.

A number of studies have demonstrated
a relationship between fetal acidosis and the
condition of the fetus at birth.2' 6' 9' 10 This

relationship will depend partly upon whether
the newborn infant is depressed by com¬

plications present before or during labor
or occurring at the time of birth due to
the mechanics of delivery. In our previous
studies of fetal pH during the first stage
of labor, a large number of chronic com¬

plications, such as pre-eclampsia, hyperten¬
sion, and growth retardation, were present,
and this probably accounted for our posi¬
tive correlation between fetal pH and the
Apgar score. In an obstetric population
without any natal complications, such
correlation would not be expected, as the
main factors depressing the fetus, such as
anesthesia, midforceps delivery, or shoulder
dystocia, would occur after the time of fetal
blood collection. Paul, Gare, and Wheth-
am11 found only 2 of 146 fetuses with a pH
less than 7.20 in the first stage of labor,
and this could be partly accounted for by
their selection of patients without serious
obstetric complications.

At the present time we would advocate
the screening of all high-risk pregnancies
by measurement of the urinary excretion of
estriol. Patients with low levels or showing
clinical deterioration should have this re¬

peated at intervals. From the results of this
test and the clinical findings, the need for
termination of the pregnancy and its timing
can be determined. If the urinary estriol
is low or meconium is present in the liquor
at the time of membrane rupture, then the
fetal scalp blood pH should be measured.
Maternal blood pH is also measured, as
maternal acidosis may cause fetal acidosis.
Further studies will be necessary before an
authoritative statement can be made on how
to use these 2 fetal diagnostic tests in the
management of labor. However, from our
previous experience of measurement of fetal
scalp blood pH in 250 patients during la¬
bor2 and the results of the present investi¬
gation, the following plan of management
is suggested. If the fetal pH is less than
7.15 on 2 separate measurements, even if
estriol excretion is normal, cesarean section
is indicated unless conditions are suitable
for immediate vaginal delivery. When estriol
excretion is below normal, a fetal scalp pH
of less than 7.20 is regarded as sufficient
additional indication to warrant elective ce¬

sarean section, irrespective of the presence
of clinical signs of fetal distress (Cases 1 to
3). The management of patients must take
into consideration clinical features as well
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as the results of investigations, but it is
thought that the combination of urinary
estriol excretion and fetal blood pH mea¬
surements has added another safeguard to
obstetrics.

The present study is also relevant to the
understanding of fetoplacental function, as
it is apparent that when estriol production is
decreased in the fetoplacental unit, then fetal
blood pH is also likely to change. Fetal
acidosis and failure of estriol synthesis may
both be caused by asphyxia, although other
mechanisms cannot be excluded. It is pos¬
sible that low fetal pH values before the
onset of labor may be found only in patients

with long-standing subnormal urinary estriol
excretion, and it is such patients whose in¬
fants may be found on follow-up examina¬
tion to be mentally retarded.12- 13 When fetal
acid-base status becomes abnormal only as
a result of the stress of labor, prompt de¬
livery, when effected without birth trauma,
should be associated with more favorable

perinatal mortality and morbidity rates.

We are grateful to the Medical Staffs of our
Hospitals for their cooperation in this study.
Dr. Warwick Newman, Misses Judith Hammond,
and Margery Smith provided skilled technical
assistance.
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It is now widely accepted that urinary oestriol
determination is the most accurate method of
assessment of placental function and fetal well
being (Macnaughton, 1967), any many workers
have studied oestriol excretion in pregnancies
complicated by conditions having high perinatal
death rates. It has been established that a close
correlation exists between low oestriol excretion
and perinatal mortality and morbidity in
pregnancies complicated by hypertension, chron¬
ic renal disease and pre-eclampsia (Brown and
Beischer, 1967; Wallace and Michie, 1966;
Yousem et al., 1966; Heys et al., 1968). Oestriol
excretion is also of value in detection of the fetus
in jeopardy in patients with antepartum haemor¬
rhage, poor obstetrical histories, and clinical
evidence of fetal growth retardation (Beischer
el al., 1967; MacLeod et al., 1967).

These studies suggest that the wider applica¬
tion of urinary oestriol estimation to the entire
pregnant population would result in a significant
reduction in the overall perinatal mortality rate.
The possible value of routine screening for low
oestriol excretion in pregnancy is indicated by
the frequency with which intrauterine fetal death
occurs in patients with apparently normal
pregnancies. Thus Oakey et al. (1968), after
scrutiny of the records of 244 stillbirths, found
that oestriol assays might have forecast the
likelihood of intrauterine death in 54 patients
but only 30 had clinical features which could
have indicated a need for assay.

In the present investigation oestriol excretion
was studied throughout pregnancy in 597

patients. The incidence of maternal complica¬
tions and the perinatal mortality in patients with
low oestriol excretion were compared with those
in patients whose oestriol excretion was normal.

Material and Methods

The patients were selected before 13 weeks of
gestation on the criterion that the uterine size
corresponded to the menstrual data. Those with
irregular cycles or uncertain dates were excluded.
Patients with conditions which indicated induc¬
tion of labour at or before term were not

accepted; thus patients with hypertension,
chronic renal disease, diabetes mellitus or rhesus
immunization were excluded when these com¬

plications were apparent during the first trimester.
The only patients who were excluded after the
first antenatal attendance were those with
multiple pregnancies and those in whom abor¬
tion occurred before 28 weeks of gestation. The
597 patients remaining in the series were other¬
wise consecutive and were, therefore, a normal
obstetrical population at the commencement of
the study.

Urinary oestriol excretion was measured by
the method of Brown et at. (1968) at approxi¬
mately 17, 30, 40 and 42 weeks of gestation and
thereafter three times each week. Completeness
of 24-hour urine collections was checked by
specific gravity determinations; only 10 out of
2,095 urine specimens were discarded from the
series on this criterion. Oestriol excretion was

considered to be low when a value below the
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IncidenceofAntenatalComplicationsin90PatientswithSubnormalOestriolExcretionafter28WeeksofGestation AssociatedComplications Clinical

No

Complication

Numberof Patients
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—
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—
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—

—
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lines joining 2 mg. per 24 hours at 20 weeks,
8 mg. at 30 weeks and 12 mg. at 40 weeks, and
below 12 mg. after 40 weeks was recorded on one
or more occasions (MacLeod et al., 1967;
Brown and Beischer, 1967). During this investi¬
gation, knowledge of the oestriol value did not
influence management of the patient.

Results

Figure 1 records the 2,085 oestriol values
obtained in the 597 patients. The tenth, fiftieth
and ninetieth percentiles are shown and the last
values obtained in the pregnancies resulting in
intrauterine fetal death are shown as crosses.

After the rapid increases up to 40 weeks, the
percentiles reached a maximum and even tended
to decrease after this time. The criteria laid down
for defining low oestriol excretion conformed
closely to the tenth percentile curve. In this study,
90 patients (15 per cent) had at least one low
oestriol result after 28 weeks.

Complications of Pregnancy Associated with
Low Oestriol Excretion

The incidences of the commonest antenatal
complications which occurred in the groups of
patients with low and normal oestriol excretion
are shown in Tables I and II; the numbers of
patients with multiple complications are shown
and also the number having only one complica¬
tion. The remaining complications seen in the
two groups of patients are listed in Table III.

Table III

Miscellaneous Antenatal Complications

Number of Patients

Low Normal
Oestriol Oestriol
Group Group

1 5

1 3

2

2

2

1

1

1 see

Table II

In this study the criterion of anaemia was a
haemoglobin value of less than 10 g. per 100 ml.
on one or more occasions before delivery. In the
low oestriol group 6-6 per cent (6 of 90) of
patients had /S-thalassaemia minor whereas the
incidence was 2-1 per cent (11 of 507) in the
normal oestriol group. The incidence of anaemia
in the low oestriol group was significantly higher
than that in patients with normal oestriol values
(P<0-001). We have previously reported the
association between low oestriol excretion and

pregnancy anaemias (Beischer, Holsman and
Kitchen, 1968).

Although all patients were normotensive at the
first antenatal attendance, 72 developed a blood
pressure of 140/90 mm. Hg or above before
delivery. The incidence of hypertension in the
low oestriol group was significantly higher than
that in the normal oestriol group (P<0 001).

There was no significant difference in the
incidences of threatened abortion, prolonged
pregnancy or pre-eclampsia in the low oestriol
group compared with that in the normal oestriol
group (Tables I and II). Multiple antenatal
complications occurred more commonly in
patients with low oestriol excretion, and the
incidence of absence of these complications in
the low oestriol group was significantly different
from that in the normal oestriol group (P<
0 005).

Incidence and Patterns ofLow Oestriol Excretion
In the 90 patients with low oestriol excretion

291 separate oestriol estimations were carried
out after 28 weeks of gestation. In 26 patients
one or more low oestriol values were followed

by normal levels of oestriol excretion and all of
the infants survived. In 44 patients low oestriol
excretion was recorded on only one occasion
this being the last estimation before delivery;
two of these infants were stillborn, one has
cerebral damage and two have major develop¬
mental abnormalities. In 23 of the 44 patients
the final oestriol estimation was performed more
than two weeks before delivery. In seven patients
oestriol values fluctuated above and below the
lower limits of normal and in this group one
infant has cerebral damage. In the 13 remaining
patients oestriol values were consistently low; in
seven the values fell progressively and two
infants were stillborn; in four the values were

Hydramnios
Incompetent cervix
Abnormal glucose tolerance
Epilepsy
Cardiac disease
Rhesus immunization
Premature rupture of membranes
Antepartum haemorrhage
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WEEKS OF GESTATION

Fig. 1

Urinary oestriol values in 597 patients. The tenth, fiftieth and ninetieth percentiles are shown.
The last values obtained in pregnancies resulting in intrauterine fetal death are shown as

crosses.
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Fig. 2

Oestriol values in a multigravida whose pregnancy was clinically normal until pre¬
eclampsia occurred at 36 weeks.

stationary and one infant has cerebral damage;
in two the values although low were rising and
both infants survived.

Illustrative Case History
This patient had had three previous normal

pregnancies. The only abnormal clinical finding
in the present pregnancy was an isolated blood
pressure recording of 150/100 mm. Hg at 22
weeks. Frequent urinary oestriol measurements
were made after 29 weeks (Fig. 2) when routine
estimation revealed a value of 3-6 mg. per 24
hours. Fetal X-ray, glucose tolerance and renal
function tests, and amniocentesis on two occa¬
sions showed normal findings. After at least
seven weeks with low oestriol excretion the

patient, then at 36-7 weeks of gestation,
developed heavy proteinuria and hypertension.
The fetus presented by the breech and was
considered to be small for dates. A living infant
weighing 1,740 g. was delivered by elective
Caesarean section. The placenta weighed 300 g.

In this case chronic placental insufficiency was
present in the absence of associated maternal
complications, the severe pre-eclampsia being
the result rather than the cause of placental
dysfunction.

Age and Parity
The distribution of patients according to age

was similar in the low and normal oestriol
groups (Table IV). There were 45 primigravidae

Table IV

Age Distribution and Oestriol Excretion

Low Oestriol Group Normal Oestriol Group

Number Per Cent Number Per Cent

19 years and below 15 16-6 82 16 1
20 to 29 years 55 61 -1 299 58-9
30 to 39 years 18 200 115 22-6
40 years and above 2 2-2 11 2-1

Total 90 99-9 507 99-7
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Table V

Country of Birth and Oestriol Excretion

Combined Series Low Oestriol Group Normal Oestriol Group

Birthplace Number Number Number
of Per Cent of Per Cent of Per Cent

Patients Patients Patients

Greece 117 19-5 29 24-7 88 75-2

Italy .. 198 33-3 20 10-1 178 89-8

Australia .. 282 47-2 41 14-5 241 85-4

Total .. 597 100-0 90 507

(50 per cent) in the low oestriol group and 211
primigravidae (41-6 per cent) in the normal
oestriol group.

Race

The incidence of low urinary oestriol excretion
was significantly higher in patients who were
born in Greece in comparison with those of
Italian or Australian birth (Table V).

Duration of Pregnancies
Figure 3 shows the duration of the pregnancies

at the time of delivery. The percentage of patients
with prolonged pregnancy (42 weeks of gestation
or beyond) was higher in the low than in the
normal oestriol group but the difference was not
significant. The incidence of induction of labour
was 10 per cent in the low oestriol group and
5-5 per cent in the normal oestriol group.

25

Norms/ oestriol
Low oestrio/ -n

no

15

to

b- 1 1

GESTAT/ON AT DELIVERY IN COMPLETED WEEKS

Fig. 3

Duration of pregnancy at delivery in patients with
normal and low oestriol excretion.

Fetal Distress and Mode of Delivery
The incidence of fetal distress during labour

(a fetal heart rate above 160 or below 120 per
minute, the presence of meconium, or both) was
higher (46-6 per cent) in the low oestriol group
than in the normal oestriol series (24-2 per cent)
(PcO-OOl).

The modes of delivery in the two groups are
shown in Table VI. In the low oestriol group
21-1 per cent of the operative deliveries were
performed because of fetal distress compared
with 9-2 per cent in the normal oestriol group.
This difference was significant (PcO-OOl).

Fetal Sex

In the low oestriol group 53-3 per cent of the
infants were males and in the normal oestriol
group 53-0 per cent were males.

Urinary Oestriol Excretion and Birthweight
The average birthweight (±S.D.) of infants

born after 36 weeks was 3,441 g. (±480 g.) in
the normal oestriol group and 3,134 g. (±570 g.)
in the low oestriol group. This relationship
between oestriol excretion and birthweight was
significant (P<0 001).

Urinary Oestriol Excretion and Placental Weight
The average placental weight (±S.D.) of

infants born after 36 weeks was 558 g. (±100 g.)
in the normal oestriol group and 521 g. (±120 g.)
in the low oestriol group. This relationship
between oestriol excretion and placental weight
was also significant (P = 0-005).

In the low oestriol group the weights of 17-7
per cent of placentae fell below the tenth
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Table VI

Oestriol Excretion and Mode of Delivery

Low Oestriol Group Normal Oestriol Group

Number Per Cent Number Per Cent

Normal delivery
Breech delivery
Forceps delivery
Caesarean section

60 66-6
2 2-2

21 23-3
7 7-7

382 75-5
12 2-3
92 18-1
21 41

Total 90 99-8 507 100 0

percentile, according to duration of pregnancy
for patients in this community (Beischer et ah,
1968), compared with 4-9 per cent in the normal
oestriol group (P<0-001). Placental weights fell
below the tenth percentiles in the four cases of
stillbirth in the low oestriol group.

Fetal Intrauterine Growth Retardation

In this study infants were considered to have
intrauterine growth retardation when the birth-
weight fell below the tenth percentile according
to gestational age for patients in this community
(Kitchen, 1968). In the low oestriol group 21-1
per cent of infants had intrauterine growth
retardation, the incidence being 31 per cent in
the normal oestriol group (P<0-001). Birth-
weights fell below the tenth percentiles in two of
the four stillbirths in the low oestriol group.

Perinatal Mortality and Morbidity
Table VII shows the correlation between the

clinical signs of fetal distress and perinatal
mortality in the two groups. There were four
stillbirths in the low oestriol group (4 • 4 per cent),

and two stillbirths and three neonatal deaths i
the normal oestriol group (0-9 per cent). In tl
series as a whole four of the surviving infan
are known to have cerebral damage and three c
these were in the group with low oestri<
excretion. Oestriol excretion was low in the tw

pregnancies which resulted in infants with majc
congenital malformations.

Case Reports ofPerinatal Deaths
The urinary oestriol values recorded in the;

patients are shown in Figure 4.
Case I. The patient was a Greek primigravida. Apa

from generalized pruritus and bile in the urine tl
pregnancy was normal. Oestriol excretion fell progressiv
ly after 34 weeks and was 1 • 8 mg. per 24 hours the d<
before normal delivery occurred at 36 weeks. The fre:
stillborn child weighed 2,400 g. The placenta weight
300 g.

Case 2. This patient had hypertension with supe
imposed pre-eclampsia. The uterine fundus was small fi
dates. Oestriol excretion was low after 34 weeks and
value of 2-4 mg. per 24 hours was recorded on a 12-hoi
specimen of urine the day before normal delivery occurrt
at 36 weeks. The fetal heart rate fell to 70 per minu
before delivery. The fresh stillborn child weighed 1,650
The placenta weighed 250 g.

Table VII

Correlation between Oestriol Excretion and Clinical Signs of Fetal Distress and Perinatal Mortality

Low Oestriol Normal Oestriol Stillbirths Neonatal Deaths
Group GroupFetal Distress . .,Low Normal Low Norm;

Number Per Cent Number Per Cent Oestriol Oestriol Oestriol Oestrit

Meconium present .. 10
Abnormal fetal heart

rate .. . . .. 21
Meconium and abnormal

heart rate .. .. 11
No distress .. .. 48

11-1 64 12-6

23-3 38 7-5

12-2 21 4-1
53-3 384 75-7

— — — 1

1 — — —

3 2 — 2
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20 24 28 32 38 40 44
WEEKS OF GESTATION

Fig. 4

Urinary oestriol excretion in pregnancies resulting in stillbirths,
neonatal deaths and infants with known neurological impairment.

Case 3. This patient had an apparently normal preg¬
nancy until spontaneous breech delivery at 36 weeks of a
macerated infant which weighed 1,500 g. The placenta
weighed 350 g. The last oestriol estimation had been
performed at 29 weeks and was 3 -9 mg. per 24 hours.

Case 4. This patient had an apparently normal preg¬
nancy until fetal movements ceased at about 39 weeks at
which time the oestriol excretion had fallen to 2-4 mg.
per 24 hours. The patient had a normal delivery of a
macerated infant which weighed 2,500 g. The placenta
weighed 375 g.

Case 5. The patient was an Italian primigravida. The
pregnancy was considered to be uneventful until normal
delivery at 37 weeks resulted in a macerated infant which
weighed 2,500 g. The placenta weighed 500 g. The last
oestriol value recorded was 7-8 mg. at 28 weeks.

Case 6. This patient became jaundiced and was
delivered at 38 weeks of a stillborn infant which weighed
2,740 g. The placenta weighed 400 g. Oestriol excretion
had been normal, the last value of 12-6 mg. per 24 hours
having been recorded at 37 weeks.

Case 7. This patient had an incompetent cervix and
was delivered at 31 weeks. The infant weighed 930 g. and
died because of prematurity. Oestriol excretion at 30
weeks was 10-1 mg. per 24 hours.

Case 8. This patient had a spontaneous breech delivery
at 32 weeks. The infant weighed 2,150 g. and died because
of hyaline membrane atelectasis. The last oestriol value
recorded was 11-2 mg. per 24 hours at 29 weeks.

Case 9. This patient had cephalopelvic disproportion.
After 55 hours of labour meconium was passed and the
fetal heart rate became slow and irregular. Caesarean
section was performed at 41 -4 weeks but the infant, who
weighed 4,310 g. was born in poor condition and died
from intrauterine hypoxia. The last oestriol value of 35 • 6
mg. per 24 hours was recorded at 41 weeks.

Illustrative Case History
An Italian primigravida had a clinically

normal pregnancy apart from persistently low
oestriol excretion after 32 weeks. Amniocenteses
at 42 and 43 weeks showed clear amniotic fluid,
the liquor volumes (measured after instillation
of 1 ml. of 20 per cent sodium aminohippurate)
being 460 and 360 ml. respectively. At 43 weeks
the oestriol value was 6-7 mg. per 24 hours.
Labour began spontaneously three days later
and after 12 hours the fetal heart rate fell to
88 per minute and meconium was passed.
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Forceps delivery resulted in a living infant
weighing 3,010 g. Although the infant was
resuscitated without difficulty it has remained
hypotonic and shows signs of cerebral damage.

In this case low oestriol excretion was recorded
during the 11 weeks before delivery (Fig. 4) but
signs of fetal distress were not detected until the
second stage of labour. It is not known whether
the cerebral sequelae are due to the prolonged
intrauterine existence in the presence of placental
dysfunction or to hypoxia during labour.

Discussion

In the present study a low oestriol value after
28 weeks of pregnancy was encountered in
15 per cent of patients and maternal complica¬
tions such as hypertension and anaemia, and
fetal mortality and morbidity were found to have
a significant coi relation with low oestriol
excretion. There were four stillbirths in the low
oestriol series and three of these were clearly
preventable had the oestriol values dictated
management. Moreover, the study showed
clearly the need for following up a low value by
further analyses and careful clinical assessment.
For example, in Case 3, an oestriol value of 3 - 9
mg. per 24 hours was recorded seven weeks before
fetal death occurred. Thirty-three per cent (198
of 597) of the patients developed hypertension,
pre-eclampsia or prolonged pregnancy; of these,
one in five had low oestriol excretion, an
incidence similar to that reported in a highly
selected series of patients with these complica¬
tions (MacLeod et ah, 1967). Nevertheless, the
perinatal mortality rate was lower in the patients
with hypertension and pre-eclampsia than was
recorded in the earlier study. This may be
explained by exclusion of patients with hyper¬
tension at the initial antenatal attendance and
by the fact that many were near term or in
labour when hypertension was first recorded.

The incidence of fetal distress in labour and of
cerebral damage in surviving infants was
increased in patients with low urinary oestriol
excretion. The illustrative case histories (Figs. 2
and 4) emphasize that oestriol excretion may be
low for many weeks in the absence of abnormal
clinical signs and yet be meaningful in terms of
impending fetal hazard. Routine oestriol
measurement in such patients may alert the

clinician to the need for termination of pregnancy
in time to avoid perinatal deaths and cerebral
sequelae. It was also evident (Fig. 4) that a fetus
may be in jeopardy although the amniotic fluid
volume is within normal limits and uncontami-
nated with meconium. The true incidence of

neurological impairment cannot be finally
assessed until long term follow up studies are
completed. Wallace and Michie (1966) reported
a 35 per cent incidence of mental retardation in
a series of 14 infants selected for examination

solely on their mothers' low oestriol excretion in
the last trimester of pregnancy. Large follow up
studies are required to determine the incidence
of cerebral damage when oestriol excretion is
low and also to evaluate whether these sequelae
can be prevented by premature induction of
labour and operative delivery. The value of
routine oestriol measurements may lie more in
the prevention of such sequelae than in reducing
significantly perinatal mortality rates.

This and other studies provide strong support
for the institution of urinary oestriol measure¬
ments as a routine screening test for all patients
at approximately 30 and 36 weeks of gestation
and for performing serial assays in those
patients recording low values. In considering the
practicability of such a scheme, it is worth
emphasizing that approximately 50 per cent of
these 597 "normal" patients developed compli¬
cations generally accepted as indications for
oestriol assays (Tables I, II and III). On financial
and laboratory considerations, one worker can
now perform 36 analyses in a working day at a
cost of less than one dollar per assay (Brown and
Beischer, 1967) and if the need arose, this
performance could be substantially improved.
The two main difficulties involve administration
and the undesirability of adding yet another
laboratory analysis to the routine management
of pregnancy. In our experience, the liaison
between the laboratory and obstetrician needs to
be of the highest efficiency if low values are to be
followed up and the clinician alerted, particularly
in those patients in whom there is no suspicion
clinically that the fetus is in jeopardy. In modern
obstetrical practice, various routine laboratory
investigations are performed on all patients, and
in some instances the yield of abnormal results,
although important, is small. Tests for rhesus
immunization in rhesus positive patients and
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serological tests for syphilis in this hospital fall
into this category. We believe that the cost and
administration involved in adding oestriol
estimation to the present list of routine tests is
justified in terms of the likely improvement in
the quantity and quality of fetal survival.

Summary

Urinary oestriol excretion was studied through¬
out pregnancy in 597 consecutive patients. The
incidence of patients with low oestriol excretion
was 15 per cent. In the low oestriol group the
incidences of anaemia and hypertension were
significantly different from those in patients with
normal oestriol values. The incidence of fetal
distress in labour and the perinatal mortality
and morbidity rates were higher in the low than
in the normal oestriol group. The feasibility of
urinary oestriol assays in all pregnant patients is
discussed.
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The appearance of protein in the urine
in pregnancy causes concern with regard to
foetal well-being because of the known
association with placental insufficiency and
intrauterine death. The optimum time for
termination of pregnancy in such cases is a
matter which often defies judgment on
purely clinical grounds. Induction of labour
by rupture of the membranes is usually
performed empirically when persistent
proteinuria is associated with hypertension
or chronic maternal disease, irrespective of
the period of gestation.

Oestriol excretion has been found to be
low in pre-eclampsia (Smith and Smith,
1933; Zondek and Goldberg, 1957; Kellar
et al., 1959; Coyle et ah, 1962; Roy et ah,
1963; and Michie, 1967), and corresponds
with the high incidence of stillbirths, neo¬
natal deaths and foetal growth retardation in
this disease.

Serial oestriol estimation in high risk
pregnancies may help reduce perinatal
mortality and unnecessary prematurity
(MacLeod et al., 1967) by providing an
index of placental function, thus rationalis¬
ing the timing of termination of pregnancy.
However, Mliller and Nielsen (1967) were
unable to demonstrate that oestriol assays
were of any value in handling individual
patients with pre-eclampsia, and before
clinicians would be prepared to act upon the
level of urinary oestriol in patients with
proteinuria, more information on oestriol
excretion in such pregnancies is needed.

The purpose of this paper is to present the
results of an investigation at the Royal
Women's Hospital, Melbourne, of oestriol
excretion in 147 patients who had proteinuria
in pregnancy.

Material and Methods

From January 1964 until February 1968,
336 oestriol estimations were performed on
147 pregnant women with proteinuria con¬
firmed by testing either a mid-stream or
catheter specimen of urine. The estimation
was performed once in 71 patients and on
2 or more occasions in 76. Patients were

included in the study only if an oestriol value
was obtained within 1 week of delivery and,
in general, management was not influenced
by the result. Twenty-five of these 147
patients were included in an earlier study
from this department (MacLeod et al.,
1967).

Infants were regarded as having intra¬
uterine growth retardation when the birth
weight was less than the tenth percentile
according to gestational age for patients in
this community (Kitchen, 1968).

Urinary oestriol was measured by the
method of Brown et al. (1968) and a line
joining 8 mg. at 30 weeks' gestation and
12 mg. at 40 weeks' gestation has been
superimposed on each figure to assist in
interpretation. Values above this line were
considered to be normal and values below
the line subnormal, hereafter referred to as

low (MacLeod et al., 1967).

Results

In this series of 147 patients there were
22 perinatal deaths, an incidence of 15%.
When the oestriol excretion was normal
(89 patients) the perinatal mortality was
3.4% compared with 31.7% when the
values were low (58 patients) (figure 1).

For the purposes of further analysis the
series as a whole was divided into the fol¬

lowing 4 categories (table 1).



190 Aust. and N.Z. Journal of Obstetrics and Gynaecology

50-,

*5

40

<o
<e

§

r
o

35-

30-

25-

O

|
<c
3

20-

15

10-

5 -

co

coo

«
o .*2 •

+
-fo
v

x°
2

X
a JO

-I 1—I—I—I—I—I—I—I—I—I—I—I—I—I—I—1—I
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44

GESTATION IN WEEKS

Figure 1. Oestriol excretion in 147 patients with proteinuria
in pregnancy. O = alive and well; ▲ = intrauterine growth
retardation and survived; + = neonatal death; X = stillbirth.

Table 1. Incidence of Low Oestriol Excretion and Perinatal Mortality Rates in 147 Patients with
Proteinuria.

Nature of complaint
Number

of
patients

Oestriol

Normal

excretion

Low

Stillbirth
Normal Low
oestriol oestriol

Neonatal
Normal
oestriol

death
Low

oestriol

1. Proteinuria alone 22 21 1 ( 4.5%) 0 0 1 0

2. Moderate pre-eclampsia 78 53 25 (32.1%) 0 3 0 3

3. Severe pre-eclampsia 37 13 24 (64.9%) 1 4 1 4

4. Chronic renal disease 10 2 8 (80.0%) 0 5 0 0

Total 147 89 58 (39.4%) 1 12 2 7
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1. Proteinuria Without Hypertension (Figure 2)
There were 22 patients with proteinuria

and negative urine cultures in whom all
blood pressure recordings were below
140/90. The oestriol values were normal
in all except 1 patient. Proteinuria appeared
before 38 weeks' gestation in 14 patients and
in 11 of these induction of labour was per¬
formed. There were no stillbirths and 1
infant died 20 days after birth. The average
gestation at delivery was 39.6 weeks, the
average birth-weight was 3,237 g., and the
average placental weight was 528 g.

2. Moderate Pre-eclainpsia (Figure 3)
Patients were included in this category

when the blood pressure was above 140/90
but less than 170 mm. Hg. systolic; those

J. B. Brown and M. A. Smith 191

with known chronic renal disease were ex¬

cluded. There were 78 patients in this
group and there were no perinatal deaths in
the 53 who had normal oestriol excretion.
There were 6 perinatal deaths in the 25
patients with low oestriol values. The
average gestational age was 37.6 weeks,
the average birth-weight was 2,827 g. and
the average placental weight was 501 g.

3. Severe Pre-ecluinpsia (Figure 4)
Patients were included in this category

if the systolic blood pressure was 170 mm.
Hg. or above or if a blood pressure of
140/90 or above was associated with a

degree of proteinuria in excess of 12 g. per
litre. Those patients with known underlying
chronic renal disease were excluded. There
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Figure 2. Oestriol excretion in 22 patients with proteinuria
alone. O = alive and well; + = neonatal death.
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Figure 3. Oestriol excretion in 78 patients with moderate
pre-eclampsia. O = alive and well; ▲ = intrauterine growth
retardation and survived; -)- = neonatal death; X = stillbirth.

were 37 patients in this group. There were
2 perinatal deaths in 13 patients who had
normal oestriol values and 8 perinatal deaths
in the 24 who had low oestriol values. The
average gestation at delivery was 35.6
weeks, the average birth-weight was
2,036 g., and the average placental weight
was 381 g.

4. Chronic Renal Disease (Figure 5)
There were 10 patients who had plasma

urea values of 50 mg. per 100 ml. or above.
Urinary oestriol values were low in 8 of
these including the 5 whose infants were
stillborn. The average gestational age was
32.7 weeks, the average birth-weight was
1,299 g., and the average placental weight
was 355 g.

Perinatal Mortality
The results of all oestriol estimations per¬

formed in the 22 patients whose pregnancies
resulted in perinatal deaths are shown in
figure 6.
Illustrative Case Reports

Details of foetal deaths associated with
normal oestriol excretion (figure 6).
Case 1. This patient had persistent pro¬
teinuria from 32 weeks' gestation, but no
elevation of blood pressure. The oestriol
excretion at 37 weeks' gestation when the
membranes were ruptured was 23.6 mg.
Caesarean section was performed 2 days
later and the infant, who weighed 2,230 g.,
died from septicaemia and meningitis when
aged 20 days.
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Case 2. Foetal death in utero occurred

just before Caesarean section at 36 weeks'
gestation in a patient with diabetes mellitus.
The oestriol value was 25.7 mg. and the
infant weighed 3,000 g.

Case 3. Labour was induced at 32
weeks' gestation when the oestriol value was
10 mg., the induction being performed be¬
cause of fulminating pre-eclampsia. The in¬
fant weighed 1,800 g. and died as a result of
hyaline membrane atelectasis.
Details of preventable stillbirths beyond 35
weeks' gestation (figure 6).
Case 4. This patient had severe pre¬
eclampsia and the oestriol values were 8.5
mg. at 30 weeks, 9.9 mg. at 34 weeks and
7.1 mg. at 36 weeks. A stillborn infant was
delivered at 37 weeks after spontaneous
onset of labour.
Case 5. This patient had severe pre¬
eclampsia and oestriol excretion fell from
9.6 mg. at 33 weeks to 3.7 mg. at 34.5
weeks. No action was taken and the value
fell further to 1.2 mg. at 35.4 weeks;
spontaneous delivery of a stillborn infant
occurred the next day.
Case 6. This patient had moderate pre¬
eclampsia and the oestriol value at 35 weeks
was 6.3 mg. At 35.6 weeks the value
was 3.5 mg. Labour was induced 3 days
later and a 1,740 g. stillborn infant resulted.
Intrauterine Growth Retardation

Forty-one infants had intrauterine growth
retardation (figure 7), and the perinatal
wastage in this group was 34.1%. In 36
of the 41 mothers (88%) the oestriol excre¬
tion was low. The incidence of intrauterine

growth retardation was approximately 10%
in patients with proteinuria alone and in
those with moderate pre-eclampsia, but was
60% in patients with severe pre-eclampsia
and 80% in those with chronic renal disease.

Discussion

The results obtained from this study of
147 patients confirm that pregnancies com¬
plicated by proteinuria are indeed high risk
pregnancies. Of the 22 perinatal deaths, 19
were associated with low maternal oestriol
excretion and in only 3 (Cases 1, 2 and 3)
were the oestriol values normal. Further¬

more, intrauterine growth retardation was
seen to correlate closely with low oestriol
excretion, and this association was found
more often in patients with severe pre¬
eclampsia and chronic renal disease.

In the group of 22 patients with protein¬
uria alone, all but one had normal oestriol
excretion. Case 1 was the only perinatal
death occurring in the group and here in¬
duction of labour could well have been post¬
poned in view of the normal oestriol excre¬
tion and the absence of hypertension. In
this group, it is evident that when oestriol
excretion is normal, induction of labour can
be safely delayed until full maturity has
been attained.

In the group of 78 patients with moderate
pre-eclampsia there were no perinatal deaths
in the 53 patients with normal oestriol ex¬
cretion, but there were 6 perinatal deaths
when oestriol excretion was low. It is sug¬
gested therefore that in patients with mode¬
rate pre-eclampsia and normal oestriol ex¬
cretion induction of labour should not be
performed before 37 weeks' gestation for
foetal indications alone.

When the diagnosis of severe pre-eclam-
psia was made, the perinatal mortality rate
was 27%. Eight of the 10 deaths were
associated with low maternal oestriol ex¬

cretion and 2 (Cases 2 and 3) with normal
excretion. In this group also, the finding
of normal oestriol values provided consider¬
able clinical reassurance.

The results in the small but important
group of 10 patients with plasma urea values
above 50 mg. per 100 ml. confirm the poor
prognosis found by Mackay (1963); 8
patients had low oestriol excretion and these
included all 5 pregnancies in which foetal
death occurred. Therefore, even in this
group, oestriol values correlated well with
foetal outcome.

Although serial oestriol values were re¬
corded in 76 patients in this study, the
results were of particular interest in 6
patients whose pregnancies proceeded be¬
yond 32 weeks' gestation and resulted in
foetal death (figure 6). Three of the deaths
occurred in the neonatal period after labour
had been induced on strong clinical indica¬
tions and appear to have been unavoidable.



196 Aust. and N.Z. Journal of Obstetrics and Gynaecology

particularly as the oestriol values were low
and falling in each instance. Prolongation
of these pregnancies would almost certainly
have resulted in intrauterine death. In the
other 3 patients (Cases 4, 5 and 6) the
foetuses died in utero and were delivered
after 35 weeks' gestation; the oestriol values
gave adequate warning of impending foetal
death and earlier termination of the preg¬
nancies may well have resulted in surviv¬
ing infants. These 6 patients illustrate the
dilemma facing the obstetrician and typify
the circumstances under which termination
of pregnancy based on low and falling
oestriol excretion may prevent perinatal
deaths. Recent experience would indicate
that in circumstances of rapidly deteriorating
placental function, termination must not only
be prompt, but by Caesarean section, since
these foetuses are less able to withstand
vaginal delivery.

Although intrauterine deaths occurring
before 32 weeks must be regarded as inevit¬
able, these results demonstrate that fre¬
quent serial measurements of oestriol ex¬
cretion are of value in the management of
pregnancies complicated by proteinuria
beyond this period of gestation. Low and
falling values indicate the need for rapid
termination of the pregnancy whereas
normal or moderately low but rising values
assist in avoiding unnecessary prematurity.

Summary
1. Oestriol excretion was studied in 147

patients with proteinuria in pregnancy.
In the group as a whole the incidence
of low oestriol excretion was 39.4%
and the perinatal mortality rate was
15%. When the oestriol excretion
was normal the perinatal mortality
rate was 3.4% compared with 31.7%
when the values were low.

2. Oestriol excretion was low in 36 of
41 patients whose infants had intrau¬
terine growth retardation.

3. In 22 patients with proteinuria alone
the oestriol excretion was usually nor¬
mal and the perinatal results favourable.

4. In 78 patients with moderate pre¬
eclampsia no perinatal deaths occurred
when oestriol values were normal and
the foetal death rate was 24% when
oestriol excretion was low.

5. In 37 patients with severe pre-eclampsia
oestriol excretion was low in 8 of the
10 pregnancies which resulted in foetal
death.

6. In 10 patients with chronic renal
disease, oestriol excretion was low in
8 including the 5 pregnancies which
resulted in a stillbirth.
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In a series of 339 prolonged pregnancies, 18.2 per cent of infants weighed more
than 4,000 grams, the incidence of fetal distress was significantly increased, and the
cesarean section rate was more than doubled. The influences of race, parity,
maternal age, and duration of pregnancy on birth weight are presented. The fetal
deaths all occurred in primigravidas, and 3 of the 5 were due to disregarded
distress and dystocia. Low urinary estriol excretion (less than 12 mg. per 24 hours)
was commoner in primigravidas (26 per cent) than multigravidas (14.6 per cent)
and showed a significant correlation with fetal distress in labor. In 9 of 46
patients with low estriol excretion the values were consistently low. The correlation
between estriol excretion, placental and fetal birth weights, and the appearance of the
infant at birth is presented.

The management of prolonged preg¬

nancy remains obscure because authorative
opinion varies not just considerably but
completely on this subject.22 Numerous au¬
thors have shown that the perinatal mor¬

tality rate is significantly increased when
pregnancy is prolonged beyond 42 weeks'
gestation,19' 28' 32' 42 but others have found in
equally large series that the mortality rate
is similar to that in deliveries occurring be¬
tween 38 and 42 weeks.4'12' 31>34'35 Several
authors have stated that there is a significant
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increase in the incidence of stillbirths but
not of total perinatal deaths in prolonged
pregnancy,8' 10' 33- 37 and others have found
that any increase in mortality loses signif¬
icance when corrected for congenital mal¬
formations.14 In such studies it is important
not to compare the mortality in prolonged
pregnancy with over-all fetal mortality, as
the latter is affected by the high death rate
in premature infants.8

There is much controversy regarding the
influence of excessive fetal size on fetal
mortality in prolonged pregnancy. Many
believe that disproportion is the only or chief
problem1' 8' 22'26 and most studies have shown
a higher proportion of larger babies and a
significant increase in average birth
weights.16' 19' 27> 28' 31' 34> 37' 40 There are those,
however, who believe that gestational age
alone has no influence on fetal weight12' 29
and that fetal mortality in prolonged preg¬

nancy is not the result of dispropor-
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tion.9' 19, 32-35 An increased neonatal mortality
rate in the postterm infant weighing less
than 2,500 grams has also been empha¬
sized,42 while others believe that the subse¬
quent development of infants with asphyxia
who survive could be just as important in
assessing the fetal hazards of prolonged
pregnancy as is the perinatal mortality rate.14

It is doubtful whether routine induction
of labor reduces the risk of perinatal death
in prolonged pregnancy, particularly as it is
difficult to be sure that a particular patient
is overdue.16'18'22 Although routine induc¬
tion has its advocates, even when no maternal
complication exists32' 36 the majority of au¬
thors favor a policy of "watchful wait¬
ing" rather than termination of preg¬
nancy12' 18'19' 35' 37 and rely upon prompt de¬
livery at the first sign of fetal distress in
labor to achieve favorable perinatal re¬
sults.26' 28>34

It is now established that measurement

of urinary estriol excretion allows selection
of the fetus in jeopardy due to placental
insufficiency in pregnancies complicated by
pre-eclampsia, hypertension, and chronic
renal disease.30' 38 The situation in prolonged
pregnancy is less clear-cut, for although es¬
triol excretion below the lower limit of nor¬

mal has been reported in 16 to 33 per cent
of cases,17' 29>30'39' 40 several studies have
found a poor correlation between estriol ex¬
cretion, fetal distress in labor, and the ap¬
pearance and condition of the infant at
birth.13'16' 30

This paper presents the clinical results in
339 consecutive patients with prolonged
pregnancy who were studied prospectively.
Urinary estriol measurements were per¬
formed in 232 patients and the results were
evaluated in terms of the clinical findings.

Material and methods

The 339 patients were those reaching 42
weeks' gestation in a prospective study of
2,972 patients observed from the first tri¬
mester of pregnancy.3 In 635 patients uri¬
nary estriol assays were performed at ap¬
proximately 20, 30, 40, and 41 weeks; work
load consideration precluded study of the

entire series throughout pregnancy and the
635 were those attending one prenatal clinic
and were otherwise unselected. Estriol de¬
terminations were performed by the method
of Brown and colleagues6 on all patients at
42 weeks' gestation and thereafter 3 times
weekly until delivery. Amniocentesis was
also routinely performed at 42 weeks and
weekly thereafter. Labor was induced if hy¬
pertension or pre-eclampsia developed or
when a clinical diagnosis of placental in¬
sufficiency was supported by failure to obtain
clear amniotic fluid at amniocentesis. The
estriol values obtained did not influence
treatment. After delivery the infants were
assessed by a pediatrician for evidence of
placental insufficiency and the placentas
were weighed and examined.

It was not possible to complete the series
of observations on all patients as many of
them went into labor or were induced before
this could be done; 153 patients (45.1 per
cent) were delivered at exactly 42 weeks
or within 48 hours of reaching this period
of gestation.3 Estriol assays after 42 weeks'
gestation were performed on one or more
occasions in 232 of the 339 patients. Incom¬
plete 24 hour urine collections and other
administrative difficulties accounted for fail¬
ure to obtain estriol estimations in every pa¬
tient.

Results "1
Estriol excretion throughout pregnancy.

Fig. 1 summarizes the 2,219 estriol values ob¬
tained in the group of 635 women from 14
weeks' gestation until delivery and Fig. 2
summarizes the 536 estriol values obtained
after 42 weeks in 232 women whose preg¬
nancies went beyond 42 weeks. The tenth,
fiftieth, and ninetieth percentiles are shown,
and the results in general agree well with
those reported in other series. The fiftieth
percentile line passes through 1.5 mg. per
24 hours at 14 weeks, rises gradually at first
and then more steeply between 35 and 38
weeks, and finally flattens to a value between
24 and 25 mg. between 40 and 44 weeks.
The tenth and ninetieth percentiles show
similar trends. The tenth percentile passes
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Fig. 1. Estriol values from 14 weeks' gestation showing tenth, fiftieth, and ninetieth percentiles.
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through 0.4 mg. at 14 weeks, 2 mg. at 20
weeks, 7 mg. at 30 weeks, reaches 12 mg. at
40 weeks, and remains at 12 mg. thereafter.
In this paper a low estriol value after 40
weeks is defined as one which is less than
12 mg. per 24 hours' urine. There was a
wide scatter of results from early pregnancy

through to 43 weeks with extreme ranges
of ten- to twentyfold for each period of ges¬
tation. After 43 weeks the scatter was con¬

siderably reduced and only those patients
maintaining high normal levels of estriol
excretion at this time progressed much be¬
yond this period of gestation.

Comparison between early estriol values
and the period of gestation. The rate of
increase in estriol excretion decreases as

pregnancy progresses. Thus the fiftieth per¬
centile value increased in the 10 weeks from
14 to 24 weeks from 1.5 mg. to 7.4 mg., a
factor of 4.9, whereas in the next 10 weeks
it increased to 16 mg., a factor of 2.2. When
two estriol values were available, one at
approximately 17 weeks and the other at
30 weeks, as was the case in many patients
in this series, it was possible to obtain a
further check on the accuracy of the cal¬
culated period of gestation. A low early es¬
triol value with a higher than normal ratio
of increase to the next value would indicate
that the pregnancy was less mature than
calculated and vice versa. There were 60

prolonged pregnancies which could be tested
in this way. In 49 the ratios and values
were completely as expected for the period
of gestation, in 5 the interpretation was
doubtful, in one the ratio was less than ex¬

pected and in 5 (8 per cent) the values
indicated an earlier period of gestation; 2
of these 5 were among the 7 women tested
who went past 44 weeks (29 per cent).
Thus, even in the group of women with
pregnancies more prolonged than 44 weeks,
the criteria indicated that errors in assessing
the true period of gestation were uncom¬
mon.

Inverse correlations have been reported be¬
tween the level of estriol excretion at 20 to

38 weeks and the period of gestation at
which spontaneous labor occurs.25'41 In the

present series, estriol values at 14 to 23 weeks
and 27 to 34 weeks were correlated with the
time of onset of spontaneous labor, allow¬
ance being made in the calculations for the
normal changes in estriol excretion which
occur during these intervals of gestation. A
highly significant inverse correlation was
found between the estriol value obtained in
the period 14 to 23 weeks and the time of
onset of spontaneous labor (r = -0.27, n =
486, p <0.01); that is, the higher the estriol
rating the sooner the date of delivery. The
correlation almost disappeared when the
estriol values at 27 to 34 weeks were com¬

pared with the date of delivery (r = -0.10,
n =457, p = 0.05). This change in signifi¬
cance could be accounted for by the fact
that pregnancy complications such as in¬
trauterine growth retardation do not in¬
fluence estriol excretion until after 20 weeks
of gestation,2' 11 and therefore values before
this time provide a better indication of the
intrinsic potential of the fetoplacental unit.

Incidence of low estriol values after 42
weeks' gestation. Of the 232 women whose
pregnancies progressed beyond 42 weeks
there were 46 (19.8 per cent) in whom at
least one low estriol value was recorded.
These were classified as follows:

1. Ten patients in whom a single value
only was obtained. Seven of these recorded
a value of less than 8 mg. per 24 hours; 2
of the 7 required termination of their preg¬
nancies because of pre-eclampsia and in 6
fetal distress developed during labor.

2. Thirty-six patients in whom serial es¬
triol estimations were performed past 41
weeks. These were further classified as fol¬
lows: (a) 7 patients in whom a single low
value occurred within a series of otherwise
normal values; these were all within the
range of normal diurnal variation and can
be regarded as normal; (b) 20 patients with
normal values initially, only the last value
being low; 15 of these came into labor spon¬
taneously within a day of recording the low
value and 3 others required immediate ter¬
mination of the pregnancy on clinical
grounds; and (c) 9 patients with consis¬
tently low values; in 8 of these values lower
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than 8 mg. were recorded. This appeared
to be the main group of patients in which
the fetus was at risk. The birth weights were
all less than average for the period of gesta¬
tion (mean, 2,914 grams; range, 1,810 to
3,540) and one infant has obvious cerebral
damage. Clinical particulars of some of these
pregnancies are presented later.2

Trends of normal estriol values after 42
weeks' gestation. There were 108 patients
in this category in whom serial estriol esti¬
mations were performed. Seventy-six (70
per cent) had values which remained con¬
stant with no more than the normal diurnal
fluctuations (± 33 per cent), 12 (11 per
cent) had persistently rising values (in¬
creases of more than 40 per cent), and 20
(19 per cent) had falling values defined as
persistent or terminal reduction in output to
less than 60 per cent of the previous value.
In the 20 patients with falling levels the
final estriol value was below the fiftieth per¬
centile in 19 and all but 3 were delivered

spontaneously within 2 days of this final
value being recorded; the 3 who were not
delivered within this time required surgical
induction of labor (2) or cesarean section
(1) 3 to 5 days later. It is notable that all of
the 21 patients with normal estriol values
whose pregnancies progressed beyond 44
weeks were confined to the groups with con¬
stant or rising values during the last fort¬
night of pregnancy, and the terminal value
was above the fiftieth percentile in 17 of
these (81 per cent).

In the series as a whole, 23 patients pro¬
ceeded past 44 weeks' gestation; all of these
had serial estriol estimations performed and
only 2 recorded low values. The concentra¬
tion of these patients in the group with high
constant or rising values was highly signifi¬
cant (p<0.01).

Comment

The negative correlation found by Klop-
per and Billewicz25 between urinary estriol
excretion at 20 and 38 weeks and the time
of onset of labor indicated to them that es¬

trogens play a part in determining the du¬
ration of gestation, the higher the level the

nearer the delivery. The findings in the pres¬
ent study indicate that such a connection is
more tenuous than they supposed. The neg¬
ative correlation was highly significant at 20
weeks and became less so as the date of the
measurement approached that of delivery
and this was also the finding of Turnbull,
Anderson, and Wilson.41 Furthermore, in
our series the situation was reversed after
42 weeks when a continuing pregnancy was
associated with the maintenance of high nor¬
mal or rising estriol values, and falling
values were associated with immediate spon¬
taneous onset of labor or with considerable
obstetric difficulties in those patients whose
pregnancies continued.

Clinical results

Surgical induction of labor. In this study
amniotomy was not performed for prolonged
pregnancy per se but the incidence of in¬
duction of labor (12.3 per cent) was sig¬
nificantly higher than that in patients in the
same prospective series who were delivered
at between 38 and 42 weeks (p<0.001)
(Table I). The indications for the 42 induc¬
tions were hypertension (16), clinical evi¬
dence of intrauterine growth retardation
(15), and pre-eclampsia (11). Frampton
and Clayton16 reported a 42 per cent rate
of induction in 200 patients who had reached
41 weeks' gestation, although patients with
hypertension or proteinuria were excluded
from their series. It is salutary to note that
other authors have achieved perinatal mor¬

tality rates in prolonged pregnancy of 1.4
to 2.4 per cent with rates of induction of 0.8
to 5.0 per cent and with cesarean section
rates of 1.8 to 5.7 per cent.12'14> 34

Fetal birth weight. The distribution of
birth weights in patients with prolonged
pregnancies in comparison with those who
were delivered at between 38 and 42 weeks
is shown in Table II. There was a direct
correlation between birth weight and period
of gestation, the increase in birth weight
with advancing gestation being highly sig¬
nificant (p<0.01). The increase in the inci¬
dence of birth weight above 4,000 grams
between 38 and 40 weeks compared with 41
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Table I. Obstetric data in 339 prolonged pregnancies in comparison with 2,053
deliveries between 38 and 42 weeks

Aver Incidence of fetal distress
age (%)

dura¬ Meco¬
Gesta¬ tion nium Forceps Cesa¬ Average Average
tion at No. Amni- of Meco¬ Heart and de¬ rean birth placental
delivery of otomy labor nium rate heart livery section weight weight
(weeks) patients (%) (hr.) alone alone rate Total (%) (%) (grams) (grams)

38 304 5.8 12.7 8.2 8.2 3.6 20.0 19.7 2.6 3,174 549
39 585 4.6 13.7 12.1 8.8 2.7 23.6 15.0 1.5 3.332 547
40 693 4.9 14.6 12.5 8.8 3.3 24.6 12.1 2.4 3,431 561
41 471 4.0 16.3 16.9 8.0 4.4 29.3 17.8 3.6 3,517 576
42 254 11.4 14.0 20.0 6.3 7.0 33.3 20.4 6.2 3,576 576
43+ 85 15.3 13.7 16.4 10.5 4.7 31.6 14.1 11.7 3,512 573

Table II. Distribution of birth weights according to duration of pregnancy

Gestation at delivery (weeks)
Birth weight 38 39 40 41 42 43+

(grams) (%) (%) (%) (%) (%) (%)
Less than 2,500 7.2 2.4 1.6 1.9 1.2 3.6
2,500-2,999 24.6 20.4 15.5 12.1 7.5 10.7
3,000-3,499 46.8 41.6 38.9 35.6 35.8 33.3
3,500-3,999 18.1 28.5 34.4 34.6 38.2 30.9
4,000-4,499 3.1 6.6 8.4 13.0 13.0 19.0
4,500 + 0.3 0.5 1.1 2.8 4.3 2.4

Table III. Influence of parity and maternal age on fetal birth wieght in 2,392
pregnancies

Gestation at

delivery
(weeks)

Average birth weight (grams)
Parity Maternal ge (years)

Primigravidas \Multigravidas 19 and less 20 - 29 30 - 39 40 +

38 3,053 3,243 3,054 3,170 3,235 3,296
39 3,243 3,386 3,332 3,193 3,409 3,555
40 3,334 3,479 3,319 3,411 3,489 3,750
41 3,412 3,587 3,455 3,500 3,535 3,830
42 3,388 3,383 3,528 3,548 3,635 3,878
43+ 3,460 3,557 3,494 3,564 3,403 —

weeks and after was also highly significant
(p<0.001). Although the average birth
weight increased until 42 weeks (Table I)
this study confirms that there is little increase
in the percentage of infants with birth
weights over 4,000 grams after 41 weeks14
(Table II). Numerous studies have shown
that fetal birth weight is increased in pro¬
longed pregnancy although the reported in¬

cidences of birth weights above 4,000
grams have varied from 6.4 to 23 per
cent.12'14' 16' 23' 28) 29 In the present series
18.2 per cent of infants weighed more
than 4,000 grams at birth and we can¬
not therefore agree with those who have
stated that "postmature babies are not espe¬
cially large."9'32

This study confirms other reports27' 35' 37
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Table IV. Incidence of fetal distress in prolonged pregnancy according to birth
weight and parity

Primigravidas Multigravidas

Birth weight No. of distress Fetal distress Fetal distress
(grams) patients (%) No. (%) No. (%)

Less than 2,500 6 50.0 2 50.0 4 50.0
2,500 - 2,999 29 34.4 20 40.0 9 22.2
3,000 - 3,499 118 31.3 61 34.4 57 28.0
3,500 - 3,999 122 32.7 55 36.3 67 29.7
4,000 - 4,499 48 35.4 16 50.0 32 28.1
4,500 + 16 31.1 2 50.0 14 28.5

Total 339 33.0 156 37.8 183 28.9

Table V. Incidence of cesarean section and average birth weight according to
country of birth and duration of pregnancy

Gestation
at delivery

(weeks)
38
39
40
41
42
43+

No. of patients

Greek

61
108
116

73
39
12

Italian

68
147
149
80
37
12

Aus¬
tralian

175
330
428
318
178

61

Average birth weight (grams)

Greek

3,245
3,304
3,366
3,449
3,403
3,646

Italian

3,194
3,269
3,452
3,573
3,571
3,290

Aus¬
tralian

3,141
3,368
3,441
3,518
3,616
3,529

Cesarean section rate (%)

Greek

6.5
1.8
3.4

10.9
17.6
25.0

Italian

2.9
2.7
6.0
7.5
5.4

16.6

Aus¬
tralian

1.1
0.9
0.9
0.9
3.9
8.1

Table VI. Correlation between estriol excretion, birth weight, and the incidence
of fetal distress in labor

No fetal distress Fetal distress present

Normal estriol Low estriol Normal estriol Low estriol
excretion excretion excretion excretion

(grams) of patients No. % No. % No. ! % No. %

Less than 2,500 5 1 33.0 2 66.6 1 50.0 1 50.0
2,500 - 2,999 20 10 83.3 2 16.6 4 50.0 4 50.0

3,000 - 3,499 82 47 78.3 13 21.6 13 59.0 9 40.9
3,500 - 3,999 72 44 95.6 2 4.3 20 76.9 6 23.0
4,000 - 4,449 39 19 86.3 3 13.6 15 88.2 2 11.7
4,500 + 14 10 90.9 1 9.0 2 66.6 1 33.3

Total 232 131 85.0 23 14.9 55 70.5 23 29.4

that increasing parity and maternal age are
directly correlated with an increase in birth
weight (Table III). The incidence of birth
weight above 4,000 grams was significantly
higher in multigravidas (25.1 percent) than
in primigravidas (11.5 per cent) (p<0.005)
(Table IV).

Fetal distress and type of delivery. The
average duration of labor was not longer in

patients with prolonged pregnancies than
in those who were delivered at between 38
and 42 weeks (Table I). However, after 42
weeks the cesarean section rate more than
doubled and was treble that in patients who
were delivered between 38 and 41 weeks

(Table I). It is noteworthy that the cesarean
section rate in this community is greatly in¬
fluenced by the high incidence of contracted i

i

t
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pelvis in women of Greek and Italian ex¬
traction.20' 21 In this study the cesarean sec¬
tion rate between 39 and 43 weeks was sig¬
nificantly higher in Greeks and Italians than
in Australians (p<0.001) (Table V).

The incidence of fetal distress during labor
(a fetal heart rate above 160 or below 120
per minute, the presence of meconium, or
both) at 41 to 43 weeks' gestation when
compared with that at 38 to 40 weeks
showed a highly significant difference (p<
0.001) (Table I). In this group of prolonged
pregnancies considered as a whole the inci¬
dence of fetal distress was unrelated to birth

weight, and the increase in the incidence of
distress in primigravidas in comparison with
multigravidas, was not significant (Table
IV). When operative deliveries were con¬
sidered the importance of parity and birth
weight above 4,000 grams became apparent.
Twenty-two of the 26 cesarean sections and
55 of the 64 forceps deliveries were in pri¬
migravidas; only 3 of 18 primigravidas with
infants weighing above 4,000 grams were
delivered spontaneously, whereas 44 of 46
multigravidas were. Fetal distress was the
indication for 61.5 per cent of the cesarean
sections and 50.0 per cent of the forceps
deliveries.

The correlation between urinary estriol
excretion and the incidence of fetal distress
is shown in Table VI. Low estriol values on

one or more occasions after 42 weeks' ges¬
tation were recorded in 46 of 232 patients
(19.8 per cent), and there was a significant
correlation between low estriol excretion and
fetal distress in labor (p = 0.01). Frampton
and Clayton16 stated that estimation of estriol
excretion is unlikely to be useful in selecting
the fetus at risk in prolonged pregnancy but
as only one patient in their study reached
43 weeks' gestation it could be argued that
their high incidence of amniotomy (42 per
cent) prevented a true evaluation of the
correlation between estriol excretion and
fetal distress in labor.

The incidence of low estriol excretion was

higher in primigravidas (26 per cent) than
in multigravidas (14.6 per cent) (p = 0.05);
however, the difference between these

groups was less marked than that found by
Lundwall and Stakemann,29 who reported
an incidence of low estriol excretion in 20

per cent of primigravidas and 6 per cent of
multigravidas in a series of 171 patients with
prolonged pregnancy.

Estriol measurements were performed in
40 of the 56 patients with prolonged preg¬
nancy who had had episodes of vaginal
bleeding during the first trimester. Low es¬
triol excretion was recorded in 10 of these

patients including the only case in this study
which resulted in an infant known to have
cerebral retardation.

In this study results of urinary estriol mea¬
surements were not used to determine treat¬

ment. Amniotomy was performed in 8 of the
46 patients with low estriol values, the indi¬
cations being clinical evidence of placental
insufficiency (3), pre-eclampsia (3), and
hypertension (2). In this group 4 patients
were delivered by cesarean section, 16 had
forceps deliveries, and the remainder had
normal spontaneous deliveries. All 46 infants
survived.

Perinatal mortality (Table VII). The
perinatal mortality rate at 42 weeks was
double that at 38 to 41 weeks as was re¬

ported by Gibson19 and McClure Browne,32
although the present study, unlike theirs,
did not show a further increase after 43
weeks. In our series congenital malforma¬
tions did not influence the fetal death rate

in prolonged pregnancy which is contrary to
the findings of others.8'14> 26'35 All 5 fetal
deaths occurred during labor or delivery
which confirms other reports which have
stressed that fetal deaths in prolonged preg¬

nancy usually occur intrapartum.8'28 In
Clayton's series8 no deaths occurred before
the onset of labor and he stated that evi¬
dence of placental insufficiency could not
be discovered. Likewise in our series pla¬
cental insufficiency alone could not be held
to be responsible for any of the fetal deaths
although estriol determinations were not
performed in 4 of the 5 cases because de¬
livery occurred at exactly 42 weeks' gestation.
Three of the deaths were due to dispropor¬
tion and failure to facilitate delivery in the
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Table VII. Details of perinatal deaths according to gestation at delivery*

Gestation
at delivery

(weeks)
No. of
patients

Antepartum deaths Intrapartum deaths Neonatal deaths Perinatal mortality
No. | % No. % No. % No. | %

28 - 33 68 4 5.8 1 1.4 7(3) 10.2 12 17.6
34 - 37 343 8 2.3 5(1) 1.4 6(1) 1.7 19 5.5
38 - 41 2,053 6(2) 0.3 5 0.2 7 0.3 18 0.8
42 254 — — 5 1.9 — — 5 1.9
43 + 85 — — — — — — — —

*Figures in parentheses denote number of infants with major congenital malformations.

presence of fetal distress, one was due to
placental abruption, and the other remains
unexplained and was the only death which
occurred in the 232 cases in which estriol

assays were performed.
Clinical reports of fetal deaths.
Case I. A Greek primigravida with beta

thalassemia minor and a hemoglobin value of
8 Gm. per 100 ml. went into spontaneous labor
at 42 weeks' gestation. The occiput was posterior.
After 60 hours of labor fetal death occurred
shortly before midforceps delivery was performed.
The infant appeared to have placental insuf¬
ficiency and weighed 2,260 grams. The placenta
weighed 300 grams.

Case 2. A Greek primigravida went into
spontaneous labor at 42 weeks' gestation. After
28 hours meconium was passed and 14 hours
later the fetal heart became inaudible. Forceps
delivery resulted in a stillborn infant weighing
3,250 grams. The placenta weighed 500 grams.

Case 3. Amniotomy was performed in this
primigravida at 42 weeks' gestation because of
hypertension. Cesarean section was performed
after 27 hours of labor when an attempt at
forceps delivery had failed. The fetal heart rate
was 168 per minute for 6 hours before delivery.
The infant weighed 3,000 grams, was stillborn,
and appeared to have placental insufficiency.

Case 4. A 20-year-old primigravida had an
antepartum hemorrhage and was delivered of a
stillborn infant at home.

Case 5. A 19-year-old primigravida had an
estriol excretion of 22 mg. at 42 weeks' gestation.
Amniocentesis revealed clear liquor. Labor began
48 hours later and after 6 hours a stillborn infant
weighing 3,950 grams was born spontaneously.
The placenta weighed 800 grams.

Criteria of placental insufficiency in the
infant. In modern parlance the terms pla¬
cental insufficiency, postmaturity syndrome,

and intrauterine growth retardation are
synonymous and are used to describe the
appearance of the infant and to designate
when birth weight is less than the tenth
percentile according to the period of gesta¬
tion.15' 38'39 The latter criterion has the ad¬

vantage that it is not subjective, as is a diag¬
nosis based upon the appearance of the
infant which depends largely upon the time
after birth that the assessment is made.

Cracking and peeling of the skin are much
more obvious 24 hours after birth than at

the time of delivery. The weight and ap¬
pearance of the placenta also merit con¬
sideration. In the present study the infants
were examined by a senior pediatrician for
evidence of placental insufficiency and the
findings were correlated with estriol excre¬
tion and placental and fetal birth weights.
Tables VIII and IX show these data in 198
cases of prolonged pregnancy in which the
observations were completed.

The incidence of moderate or severe de¬

grees of placental insufficiency was 24 per
cent in cases with normal estriol excretion
and 60 per cent in those with low estriol
excretion (p<0.001) (Table VIII). Smith,
Greene, and Touchstone39 found that half of
their patients with low estriol values pro¬
duced infants showing signs of the postma¬
ture syndrome but they did not quote the
incidence found in patients with normal
estriol values. Placental insufficiency of
moderate or severe degree was present in
47.6 per cent of infants who weighed less
than the tenth percentile (3,000 grams)24
but was also diagnosed in 20.8 per cent of
infants who weighed 4,000 grams or more
(Table IX). In our data, unlike those re-
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Table VIII. Correlation between placental weight, estriol excretion, and the
appearance of placental insufficiency in the infant

Normal estriol excretion in Low estriol excretion in

infants with placental insufficiency infants with placental insufficiency
(grams) series Mild Moderate 1 Severe Nil Mild Moderate Severe Nil

0 - 200 1 1
201 - 400 15 2 2 1 5 — 2 1 —

401 - 500 89 14 5 3 10 3 1 6 1
501 - 600 143 26 15 4 19 7 3 9 —

601 - 700 47 15 4 1 7 4 1 2 —

701 + 34 7 1 — 9 1 1 1 1

Total 329 64 27 9 50 15 8 19 3

Table IX. Correlation between birth weight, estriol excretion, and the appearance
of placental insufficiency in the infant

Normal estriol excretion in Low estriol excretion in
infants with placental insufficiency infants with placental insufficiency

(grams) Mild | Moderate Severe Nil Mild | Moderate Severe Nil

Less than 2,500 1 — 1 .—. 1 2
2,500 - 2,999 2 2 4 2 3 — 3 —

3,000 - 3,499 23 8 3 16 6 4 10 —

3,500 - 3,999 23 12 2 16 2 3 1 —

4,000 - 4,499 10 4 ■—. 14 2 1 1 —

4,500 + 7 1 — 2 2 — 3 1

Total 66 27 9 51 15 8 19 3

ported by others,40 the incidence of small
placentas (500 grams or less) was only
slightly higher in the group with low estriol
excretion (33.3 per cent) than in the group
with normal estriol values (28 per cent).
The placenta weighed 500 grams or less in
21 of 63 infants with severe or moderate

degrees of placental insufficiency, although
11 of these infants had placentas of above
average weight (Table VIII).

There is a need for better criteria of pla¬
cental function and fetal status than those
derived from examination of the delivered

placenta and newborn infant.14 Urinary
estriol excretion appears to fulfill this need
in prolonged pregnancy and has the neces¬
sary advantage of being measurable before
delivery. It has been stated that the fetal
changes in the postmaturity syndrome are

probably secondary to hypoxia.39 Our inter¬
pretation of the above data obtained in the
present study is contrary to this view par¬
ticularly as we believe that placental trans¬

ference of oxygen and nutriments can fail
independently and that progressive fetal
hypoxia is therefore not necessarily a direct
consequence of fetal growth retardation.5
This would explain why estriol excretion,
placental and fetal birth weights, and the
appearances of fetal starvation do not al¬
ways correspond with each other. It is prob¬
able that elaboration of estriol by the feto¬
placental unit is an accurate index of fetal
oxygenation.7' 15 In prolonged pregnancy
there are two distinct groups of patients
with low estriol excretion. In one the values
are low for weeks before delivery and the
infant is likely to be small for dates and
poorly nourished; in the other, estriol values
fall from normal levels a few days before
the onset of labor, and in such cases the
infant and its placenta may be large and
there may be no signs of intrauterine mal¬
nutrition. The well-known signs of placental
insufficiency9 depend upon fetal deprivation
of calories and do not necessarily correlate
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with those of hypoxia. In prolonged preg¬
nancy small for dates infants may not appear
malnourished and large infants may be
severely so (Tables VIII and IX). In this
study the acute form of fetoplacental dys¬
function as assessed by estriol excretion was
commoner than the chronic variety, and it
appears that it is in the latter smaller group
that the infants may show permanent cere¬
bral damage or die during labor. The inci¬
dence of cerebral sequelae will not be known
until after long-term follow-up, and the re¬
ports published to date have not shown an
increase in the incidence of mental retarda¬
tion in survivors of prolonged pregnancies.
4'42 However in the one case in the present
study in which the infant has severe cerebral
damage the estriol excretion had been below
7 mg. per 24 hours for at least 19 days be¬
fore delivery.

Conclusions

This study illustrates that in prolonged
pregnancy there is a significant increase in
the proportion of larger babies and of fetal
distress in labor. The incidence of operative
intervention is also increased, especially in
primigravidas whose fetuses weigh more

than 4,000 grams. Estriol excretion is low in
approximately 20 per cent of patients, and
our results suggest that placental insufficiency
seldom results in fetal death during labor
unless disproportion and signs of fetal dis¬
tress are disregarded. It is considered that
elective cesarean section is indicated in pa¬
tients with prolonged pregnancy when
amniocentesis reveals meconium-stained
amniotic fluid and the estriol excretion is
low or falling rapidly. The appearance of
fetal distress during labor also warrants
cesarean section, unless vaginal delivery can
be promptly achieved. When there is me¬
conium in the liquor but normal estriol
values or when the liquor is clear and the
estriol values are low, termination of the
pregnancy is indicated but the place of elec¬
tive cesarean section is less certain and
should be individualized. Routine induction
of labor for prolonged pregnancy is not ad¬
vocated. Urinary estriol measurement is of
use in prolonged pregnancy as an aid in the
diagnosis of placental insufficiency.

We wish to thank the Medical Staff of the

hospital for their cooperation in this study and
Miss M. L. Johnston for preparation of the
illustrations.
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Studies in prolonged pregnancy

111. Amniocentesis in prolonged pregnancy
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The results of amniocentesis in 231 patients with prolonged pregnancy are presented.
Meconium was present in the liquor in 6.9 per cent of patients before the onset
of labor and in this group the incidence of fetal heart rate abnormality was
significantly increased (p <C 0.005). The average amniotic fluid volumes at 42, 43,
and 44 weeks' gestation were 484 ml., 332 ml., and 162 ml., respectively. There was
a significant correlation between oligohydramnios (less than 200 ml.) and moderate
or severe degrees of placental insufficiency in the infant at birth. Failure to obtain
liquor or the presence of meconium at amniocentesis indicate induction of labor in
prolonged pregnancy.

In prolonged pregnancy the major¬
ity of patients do not show clinical evidence
of placental insufficiency, and fetal diagnos¬
tic tests have been used in an attempt to
select those in whom fetal distress or death

may occur during labor.8 Most obstetricians
consider that the presence of meconium in
the liquor is sufficient reason to induce labor,
and amnioscopy or amniocentesis may there¬
fore be used to select patients in whom ter¬
mination of pregnancy is indicated.13 Mea¬
surement of liquor volume has also been
employed because low volumes are indicative
of established or impending placental in¬
sufficiency.7' 9 The incidence of meconium-
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stained liquor has been reported to be
approximately 13 per cent in prolonged
pregnancy, and clear liquor was said to carry
a good fetal prognosis as assessed by peri¬
natal mortality results and Apgar score 2
minutes after birth.1

In the present study amniocentesis was per¬
formed in 231 women with prolonged preg¬
nancies. The aims were to establish the inci¬
dence of meconium contamination of the

liquor before the onset of labor and to esti¬
mate the volume of the amniotic fluid at 42
weeks and thereafter. The findings were cor¬
related with urinary estriol excretion after
42 weeks and the incidence of fetal distress
in labor. We hoped to determine whether
amniocentesis could provide sufficient infor¬
mation to be a useful means of selection of

patients with prolonged pregnancy who re¬
quired induction of labor because of pla¬
cental insufficiency.

Material and methods

The 231 patients were part of a consecu¬
tive series of 339 patients with prolonged

496
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pregnancy who were studied prospectively2' 3;
the only selection was that the patients were
not in labor and consented to investigation.
Amniocentesis was performed at 42 weeks
and was repeated at intervals of one week
until the onset of labor. The volume of liquor
amnii was estimated by the dilution tech¬
nique using sodium aminohippurate (PAH),
liquor being obtained by abdominal amnio¬
centesis 10 minutes after injection of 1 ml.
of 20 per cent solution (200 mg.) of this
compound. The site of preference for amnio¬
centesis was in the midline below the umbili¬
cus in the space between the fetal head and
shoulder. A 20 gauge lumbar puncture needle
was used. In our experience PAH diffuses
evenly throughout the amniotic fluid within
10 minutes without alternate aspiration and
injection of liquor with the syringe. When
initial studies in 12 patients gave similar
estimations of liquor volume 10, 15, and 20
minutes after injection of PAH, we adopted
the routine of aspiration of liquor 10 min¬
utes after injection of PAH. Serial estima¬

tion of PAH in maternal plasma and urine
indicated that this compound does not trans¬
fer rapidly across the placenta or amnion,
although it was no longer present when am¬
niocentesis was repeated 7 days later. The
method of estimation of PAH in the liquor
was that described by Charles and Jacoby,5
the volume of amniotic fluid being calculated
by dividing the 200 mg. of PAH introduced
into the amniotic sac by the quantity found
in 1 ml. of undiluted amniotic fluid.

Urinary estriol excretion was measured by
the method of Brown and colleagues4 at 42
weeks' gestation and thereafter 3 times each
week. Completeness of 24 hour urine collec¬
tions was checked by specific gravity deter¬
minations. Estriol excretion was considered
to be low when a value below 12 mg. per 24
hours was recorded on one or more occa¬

sions.2 A total of 431 estriol estimations were

performed in 212 patients; in the 19 other
patients in the series delivery occurred within
24 hours of amniocentesis and precluded
estriol measurement. During this investiga-
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Fig. 1. Duration of pregnancy at delivery in 231 cases of prolonged pregnancy.
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tion, knowledge of the estriol value did not
influence management of the patient.

Clinical results (Tables I and II)

The duration of the pregnancies at the
time of delivery are shown in Fig. 1. Labor
was induced by amniotomy in 32 patients
(13.8 per cent), the indications being hyper¬
tension (9), pre-eclampsia (8), clinical evi¬
dence of placental insufficiency plus failed
amniocentesis (8), and meconium in the
liquor at amniocentesis (7). One elective
cesarean section was performed in a primi-
gravida with severe pelvic contraction when
amniocentesis showed meconium in the

liquor. In the other 198 patients the onset
of labor was spontaneous.

The incidence of fetal distress (fetal heart
rate below 120 or above 160 per minute,
meconium in the liquor, or both) in labor
was 33.3 per cent and it was noteworthy
that the presence of meconium was the only
sign of distress in most patients (Table I).
Fetal distress was the main indication for

24 of the 64 operative deliveries, including
14 of the 23 cesarean sections. Although the
incidence of excessive birth weight was high
(Table I), only 8 of 53 infants weighing
more than 4,000 grams at birth were de¬
livered by cesarean section. The incidence of
infants weighing more than 4,000 grams was
significantly higher in the group of patients
in which amniocentesis and liquor volume
studies failed (p =-• 0.01) (Table I). The
only perinatal death was one unexplained
stillbirth. Table II shows the type of de¬
livery according to the findings at amnio¬
centesis.

Low estriol excretion was recorded in 39

patients (18.3 per cent) and 6 of these had
labor induced by amniotomy and 4 required
cesarean section.

Results of amniocentesis (Table I)

Amniocentesis was performed on 284 oc¬

casions, 48 patients having the procedure
repeated at intervals of one week. Investi¬
gation of liquor volume confirmed other re-

Table I. Correlation between the findings at amniocentesis and the incidences of
low estriol excretion and fetal distress in labor

Fetal distress in labor Birth weight
less than 3,000

grams
(%)

Birth weight
more than 4,000

grams
(%)Result of aminocentesis

No. of
patients

Low estriol
excretion

(%)
Meconium

(%)

Abnormal
heart rate

(%)
No liquor obtained
Meconium in liquor

23
16

30.0
28.5

22.6
100.0

0.0
43.7

17.3
6.2

30.4
18.7

Clear liquor
Volume not studied
Volume study failed
Volume study success¬

ful

52
26

114

11.1
20.8

17.4

17.3
30.7

21.9

15.3
3.8

14.9

5.7
7.6

10.5

23.0
42.3

17.5

Total 231 18.3 27.2 14.2 9.5 22.9

Table II. Result of amniocentesis and type of delivery

Spontaneous
No. of Cesarean section Forceps delivery delivery

Result of amniocentesis patients (%) (%) (%)
Failed amniocentesis 23 13.0 4.3 82.6
Meconium in liquor 16 25.0 18.7 56.2
Clear liquor 192 8.3 19.2 72.3

Total 231 9.9 17.7 72.2
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ports that oligohydramnios is common in
prolonged pregnancy, but the range of
amniotic fluid volumes is considerable.0' 11

Failed amniocentesis

There were 23 patients (9.9 per cent)
from whom no liquor could be withdrawn;
in these cases at least one other attempt was
made to obtain liquor from another site.
This failure rate was largely due to oligo¬
hydramnios. Eight patients had amniotomy
performed after amniocentesis failed; in 3
there was no liquor, and in the 5 others the
volume was less than 150 ml. In the remain¬

ing 15 patients 4 had no liquor in labor and
in 7 others the volume was estimated to be
less than 150 ml.

Estriol excretion was measured in 20 of
these patients and 6 had values below 12
mg. per 24 hours, this incidence of low es¬
triol excretion being higher than that in the
series as a whole (Table I) ; 3 of these 6
patients were delivered by cesarean section.
The most striking finding in this group was
the high incidence of placental insufficiency
diagnosed by pediatric assessment of the in¬
fant 24 hours after birth. Placental insuffi¬
ciency was diagnosed in 17 of these infants
and was of moderate or severe degree in 13,
including the 6 whose mothers had low
estriol values (Table III). As would be ex¬
pected in view of these findings the incidence
of birthweight below the tenth percentile,
which is 3,000 grams for this period of ges¬
tation,10 was also increased (Table I).

Illustrative case reports.
Case 1. The patient was a Greek primigravida

aged 23 years. Estriol excretion fell from 24 mg.
per 24 hours at 40 weeks to 15 mg. at 42 weeks
and was 7.3 mg. the day before amniotomy was
performed at 43 weeks, when the second at¬
tempt at amniocentesis had failed. Intrauterine
growth retardation was diagnosed at this time.
At amniotomy no liquor was obtained nor did
any drain thereafter. During the 8 hours of labor
the fetal heart rate remained within normal
limits and the patient was delivered spontane¬
ously. The fetal blood pH 20 minutes before
delivery was 7.14. The infant showed gross
placental insufficiency and weighed 2,970 grams.
Considerable resuscitation was necessary before
spontaneous respiration was established. The
placenta weighed 500 grams.

Case 2. The patient was an Australian primi¬
gravida aged 23 years. Estriol excretion fell from
23 mg. at 42 weeks to 10.6 mg. 2 days later
Spontaneous labor began at 42.5 weeks and after
22 hours a low forceps delivery was performed
when the fetal heart rate fell to 118 per minute.
When the membranes ruptured during labor
50 ml. of clear liquor was passed. The infant
was born in good condition, weighed 2,950 grams,
and showed severe placental insufficiency. The
placenta weighed 600 grams.

Case 3. The patient was an Australian multi-
gravida aged 21 years. Estriol excretion was 14
mg. per 24 hours at 40 weeks, 10 mg. at 42
weeks, 8 mg. at 43 weeks, and 5 mg. at 43.5
weeks. At 42 weeks no liquor was obtained at
amniocentesis. Spontaneous labor began at 43.7
weeks and after 16 hours cesarean section was

performed because meconium was passed and
cephalopelvic disproportion was present. The

Table III. Correlation between the result of amniocentesis and the degree of pla¬
cental insufficiency in the infant

Result of amniocentesis
No. of

patients

Degree of placental insufficiency in the infant
Mild Moderate Severe Nil

No liquor obtained 23 4 6 7 6
Meconium in liquor 15 5 2 5 3

Clear liquor
Volume not measured 70 26 13 8 23
0-200 ml. 32 11 8 7 6

201-500 ml. 42 20 4 2 16
Above 500 ml. 25 13 1 2 9

Total 207 79 34 31 63
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infant was born in good condition, weighed 3,540
grams, and appeared to have moderate placental
insufficiency. The placenta weighed 400 grams.

Case 4. The patient was an Australian primi-
gravida aged 25 years. At 42 weeks amnio¬
centesis failed, estriol excretion was 6 mg. per
24 hours, and mild pre-eclampsia was present.
No liquor was obtained when the membranes
were ruptured. After 10 hours of labor meco¬
nium was passed and the fetal heart rate was
160 per minute. Cesarean section was performed.
The infant weighed 4,500 grams, showed pla¬
cental insufficiency, and was resuscitated un¬
eventfully. The placenta weighed 750 grams.

Meconium in the liquor at amniocentesis
(Tables I to III)

In 16 patients (6.9 per cent) amniocen¬
tesis revealed meconium discoloration of the

liquor. The color of the liquor and the
amount of meconium present showed con¬
siderable variation. A clear green or yellow
color was seen in 12 cases and in the other 4
the meconium contamination was more ex¬

tensive and in these the liquor was colored
brown. The color and consistency of the me¬
conium passed in labor were the same as
those observed in the aspirated samples of
amniotic fluid.

Estimation of liquor volume was at¬
tempted in 13 of these patients and was suc¬
cessful in 9, the results being 75, 108, 185,
229, 235, 240, 285, 670, and 1,220 ml. In 2
of the 4 patients in whom liquor volume
estimation failed no liquor was obtained at
amniotomy. Oligohydramnios was therefore
also a common finding in this group of pa¬
tients.

Fetal heart rate abnormalities developed
during labor in 7 of the patients in this group
and were the indications for 2 of the 4 ce¬

sarean sections which were performed. Pla¬
cental insufficiency was diagnosed in 12 of
the infants after birth including the 4 whose
mothers had low estriol excretion (Table
III). It was noteworthy that oligohydram¬
nios was not always present when the infant
showed signs of placental insufficiency.

Illustrative case reports.
Case 5. The patient was a Greek primigravida

aged 30 years. Estriol excretion at 42 weeks was

24 mg. Clinical evidence of intrauterine growth
retardation was present. The liquor contained
meconium and the volume was 75 ml. No liquor
was obtained at amniotomy. After 6 hours of
labor the fetal heart rate was 170 per minute
and cesarean section was performed. The in¬
fant showed gross placental insufficiency and
weighed 2,940 grams. The placenta weighed 450
grams.

Case 6. The patient was an Australian multi-
gravida aged 34 years. Estriol excretion was 11
mg. at 41 weeks, 10 mg. at 42 weeks, and 6
mg. at 42.4 weeks. The liquor was yellow and
the volume was 229 ml. The onset of labor was

spontaneous and after 7 hours a normal de¬
livery occurred. The fetal heart rate during
labor was within the normal range. The fetus
weighed 3,170 grams and showed mild placen¬
tal insufficiency.

Clear liquor at amniocentesis
(Tables I to IV)

In 192 patients (83.1 per cent) with pro¬
longed pregnancies amniocentesis revealed
white liquor with variable turbidity due to
vernix and squames. Liquor volume studies
were attempted in 140 patients and were
successful in 114 (81 per cent); in 26 al¬
though liquor was aspirated initially, none
could be withdrawn 10 minutes after injec¬
tion of PAH.

In 42 of the 192 patients with clear liquor,
meconium was found subsequently in labor
which illustrates that the fetus most often

passes meconium at this time (Table I). Low
estriol excretion was recorded in 29 patients
(16.1 per cent) with clear liquor at amnio¬
centesis; 11 of these patients showed signs of
fetal distress in labor, the incidence (37.9
per cent) being higher than that in those
with clear liquor and normal estriol values
(27.1 per cent). Only one cesarean section
was performed in the 29 patients with low
estriol values and 10 were delivered with

forceps. The incidence of fetal distress and
of operative deliveries in the group as a
whole are shown in Tables I and III.

Liquor volumes in 114 patients
with clear liquor
The correlation between liquor volume,

fetal distress and estriol excretion is shown
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Table IV. Correlation between liquor volume and the incidences of low estriol
excretion and fetal distress in labor (in all patients the liquor was clear at amnio¬
centesis)

Birth weight Birth weight
Low estriol Meconium Abnormal less than more than

Liquor volume No. of excretion in labor heart rate 3,000 grams 4,000 grams
(ml.) patients (%) (%) (%) (%) (%)

Less than 200 34 21.1 17.6 11.7 11.7 14.7
201-500 46 18.2 17.3 15.2 10.8 15.2
Above 500 34 12.5 32.3 17.6 8.8 23.5

in Table IV. Oligohydramnios did not cor¬
relate significantly with fetal distress in labor
and in fact the incidence of distress was

highest in the group with volumes above 500
ml. There was no significant correlation be¬
tween oligohydramnios and low estriol ex¬

cretion, although the incidence of low estriol
values was highest in the group with volumes
less than 200 ml.

In this study we were impressed with the
accuracy of the PAH dilution method used
to estimate liquor volume; the assessment
was made in patients having amniotomy per¬
formed immediately after the PAH test was
completed. The test was found to be ac¬
curate even in patients in whom the liquor
volume was calculated to be less than 100
ml.

The rate of diminution of liquor volume
after 42 weeks was investigated by repeated
amniocentesis, calculation of the averages of
volumes measured at 42, 43, and 44 weeks,
and by the difference observed between the
liquor volume in labor and that previously
measured by PAH dilution. Serial liquor vol¬
ume estimations were performed after 42
weeks in 17 patients. In 3 the volumes in¬
creased, the average gain being 80 ml.; in
14 the volumes decreased, the average loss
being 212 ml. In the series of 231 patients
liquor volumes were successfully measured in
115 patients at 42 weeks, 22 at 43 weeks,
and 6 at 44 weeks; the averages of the vol¬
umes estimated at these times were 484 ml.,
332 ml., and 162 ml., respectively. Thus after
42 weeks' gestation the volume of liquor
diminished by 150 to 170 ml. per week. We
experienced difficulties in the assessment of

the liquor volume in labor except when
hindwater amniotomy was performed with a
Drew Smythe catheter. However, our data
indicated that the liquor volume may di¬
minish very rapidly in the 24 to 48 hours
before the onset of labor in some patients
but may on the other hand remain un¬
changed. This observation was in agreement
with the individual alterations in volume
recorded by PAH dilution between 42, 43,
and 44 weeks.

Accuracy of clinical estimation of
liquor volume
In 93 patients a clinical estimation of the

amniotic fluid volume was made and re¬

corded before amniocentesis was performed.
In 55 per cent of patients the clinical esti¬
mate was within 200 ml. of that calculated

by PAH dilution but over and under esti¬
mates, by more than 200 ml., occurred with
similar frequency in the remainder. Even in
patients with less than 200 ml. of liquor
clinical judgment was found to be fallible
which raised doubts as to the significance
of a clinical diagnosis of intrauterine growth
retardation based upon abdominal findings
alone. It was found that over estimates of

liquor volume were made when the fetus
was large and the converse was also true. It
was also noted that clinical signs of poly¬
hydramnios may be present in post term
pregnancies when the liquor volume exceeds
1,000 ml.

Charles and Jacoby5 stated that PAH de¬
terminations of liquor volume show that a
clinical diagnosis of hydramnios is highly sub¬
jective and frequently erroneous. The pres-
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ent study shows that the same is true for a
clinical diagnosis of oligohydramnios.

Illustrative case report.
Case 7. The patient was an Australian primi-

gravida aged 21 years. Polyhydramnios was
diagnosed at 35 weeks and amniocentesis was

performed. The liquor volume, calculated by
PAH dilution, was 1,690 ml. at 35 weeks, 1,900
ml. at 36 weeks, 1,090 ml. at 38 weeks, and 990
ml. at 42 weeks. Estriol excretion was 37 mg. at
42 weeks. At 32.3 weeks spontaneous labor
occurred and approximately 1,000 ml. of meco-
nium-stained liquor was passed when the mem¬
branes ruptured. Forceps delivery was performed
when fetal tachycardia occurred. The infant
weighed 4,200 grams and showed placental in¬
sufficiency but was otherwise normal. The pla¬
centa weighed 750 grams.

Perinatal mortality and neurological
morbidity
In this study of 231 patients with pro¬

longed pregnancies there was one stillbirth,
the cause of which remains unexplained; the
details of this case were reported previously.2
There were no neonatal deaths but one in¬
fant has severe cerebral retardation and the
case details are presented because they illus¬
trate the chronic variety of placental insuffi¬
ciency in which estriol excretion is low for
many weeks. Wallace and Michie12 have re¬

ported a 35 per cent incidence of mental
retardation in a series of 14 infants selected

solely on their mothers' low estriol excretion.
In our case signs of fetal distress were not
detected until the second stage of labor and
it is not known whether the cerebral sequelae
are due to the prolonged intrauterine exis¬
tence in the presence of placental dysfunc¬
tion or to hypoxia during labor.

Illustrative case report.
Case 8. A 19-year-old Italian primigravida

had a clinically normal pregnancy apart from
persistently low estriol excretion after 32 weeks.
Estriol values were 2.9 at 16 weeks, 7.5 mg. at
32 weeks, 6 mg. at 41 weeks, 7 mg. at 42 weeks,
4 mg. at 43 weeks, and 6.7 mg. at 43.5 weeks.
Amniocentesis at 42 and 43 weeks showed clear
amniotic fluid, the volumes being 460 and 360
ml., respectively. Labor began spontaneously
and after 12 hours the fetal heart rate fell to 88

per minute and meconium was passed. Forceps
delivery resulted in a living infant with severe
placental insufficiency weighing 3,010 grams. Al¬
though the infant was resuscitated without dif¬
ficulty, it has remained hypotonic and shows
signs of cerebral damage.

Liquor volume and placental
insufficiency
In this study pediatric assessment of the

infant was made in 207 cases and the cor¬

relation between the findings at amniocente¬
sis and the degree of placental insufficiency
in the infants is shown in Table III. When
amniocentesis failed or meconium was ob¬
tained the incidence of placental insufficiency
of moderate or severe degree was 52.6 per
cent, which was significantly higher than
when the liquor was clear (26.6 per cent)
(p < 0.005). It was apparent that placental
insufficiency of any degree may be present
when the liquor is clear, but when the vol¬
ume was less than 200 ml. the incidence of
moderate or severe degrees of placental in¬
sufficiency was significantly higher (46.8 per

cent) than when the volume was more than
200 ml. (13.4 per cent) (p < 0.005). The
correlation between low liquor volume in
labor and placental insufficiency was even
more striking.

It has been stated that liquor volume is a
very sensitive index of failing placental func¬
tion and that there is a very good indication
for induction of labor when the volume is
small.9 Our findings support this view, al¬
though the infant will not always show the
signs of placental insufficiency when liquor
volume is reduced (Table III).

Comment

In this study 6.9 per cent of patients had
meconium in the liquor at amniocentesis and
the incidence of fetal heart rate abnormali¬
ties was significantly higher in this group
(p < 0.005) (Table I). In patients with
clear liquor at amniocentesis the incidence of
meconium in labor was 21.8 per cent.

Although a significant correlation was
found between placental insufficiency and
oligohydramnios, statements0 that the volume
of liquor is scanty in all cases of severe pla-
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cental insufficiency are incorrect (Table III).
Case 8 illustrates that low estriol values may

provide warning that a fetus with severe

placental insufficiency is in jeopardy, al¬
though the liquor is clear and of above
average volume. There may be no sign of
fetal distress in labor, although amniocen¬
tesis, urinary estriol values, and fetal pH
measurement have indicated that the fetus is

likely to be in poor condition (Case 1).
Complete absence of liquor in labor is not
uncommon to prolonged pregnancy (16 of
231 patients), and in such cases meconium
may not be seen vaginally, although it covers
the fetus at birth.

This study confirms the value of amnio¬
centesis in prolonged pregnancy and the
findings should be interpreted according to

clinical considerations and the level of es¬

triol excretion. We consider that the presence
of meconium or failure to obtain liquor at
amniocentesis, after 42 weeks' gestation, is an
indication for amniotomy, and furthermore,
that fetal acid-base status should be assessed
at this time if no liquor is obtained or when
meconium is present. This regimen allows
selection of the patient who requires cesarean
section, and it is doubtful whether conserva¬
tive treatment can be justified without an
assessment of fetal pH in these patients, par¬
ticularly when estriol excretion is low.

We wish to thank the Medical Staff of the

hospital for their cooperation in this study and
Miss M. L. Johnston for preparation of the
illustration.
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Estrogen Excretion of the Pregnant Woman
J. B. Brown

Clinical Endocrinology Research Unit (Medical Research Council), University of
Edinburgh, Edinburgh, Scotland

The daily excretion of estriol, estrone, and estradiol has been studied
in women during complete menstrual cycles followed by cycles in which
they became pregnant, throughout pregnancy, delivery, the puerperium,
and lactation, and until normal menstrual cycles had been re-established.
Most of the findings reported here have already been published (1).
They also include results from a woman (D.H) who was artificially
inseminated and became pregnant during the period of study. This case
is interesting because the successful insemination was performed on
the day of the mid-cycle peak of estrone and estradiol excretion; pre¬
vious inseminations performed at the time of the rise in basal tempera¬
ture had been unsuccessful. Urinary pregnanediol and gonadotropin
were also estimated in this case.

Methods
In this investigation, the methods for collecting and preserving urine

samples, for estimating urinary estrogens, pregnanediol, and gonado¬
tropins, and for recording basal temperatures were the same as those
described in Chapter 3.

In all the cases studied, the previous and present pregnancies were
uncomplicated. Deliveries were spontaneous except in subject 10, for
whom forceps were required. Lactation was established in all cases:

Subject 7, aged 33; para—2.
Subject 8, aged 28; para—2.
Subject 9, aged 27; para—1.
Subject 10, aged 29; para 0.
Subject D. H., aged 30; para 0, treated for sterility due to impotence

of her husband. A successful artificial insemination with her husband's
semen was performed during the second menstrual cycle studied. The
pregnancy proceeded uneventfully to term.

Results
The results obtained from subject 8 over a period of time which

included a complete menstrual cycle and the cycle in which she became
335



336 J. B. BROWN

pregnant are shown in Fig. 1. The urinary estrogen results were very
similar in the two cycles until the 24th day, in that they showed both
the ovulation peak and the subsequent luteal rise. In the first cycle the
estrogen levels decreased after the 24th day and menstruation followed;
in the second cycle, when pregnancy had occurred, the levels continued
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Fig. 1. Subject 8: the amounts of estriol, estrone, and estradiol excreted per
24 hours and also the variations in basal temperature, during a normal cycle, the
cycle in which pregnancy occurred, and early pregnancy. Horizontal bar indicates
menstrual period. From Brown (1).

to increase gradually. About 7 weeks after the last menstrual period,
the estrogen levels began to increase at a much greater rate. Such an
increase was observed at about this time in all three women studied

(subjects 7, 8, and D. H.). It is possible that this abrupt change in the
estrogen excretion curve is due to a change-over from the corpus luteum
to the placenta as the major source of estrogens.



ESTROGEN EXCRETION OF THE PREGNANT WOMAN 337

Similar results were obtained for subject D. H. (Fig. 2). However,
in this case, the most poorly defined ovulation peak and luteal maximum
yet observed were found, and in spite of these conception occurred.
These results probably represent the lowest levels of estrogen excretion
during an ovulatory menstrual cycle which can be considered as
normal. In contrast the luteal phase rise in pregnanediol was one of the
highest yet observed (3). In both cycles, the peak of estrone and
estradiol excretion occurred on the 11th day; the rises in pregnanediol
and basal temperature occurred 3 days later. In the first cycle, the
specimens which probably contained the gonadotropin peak could not
be assayed; in the second cycle the gonadotropin peak occurred 1-2
days after the estrogen peak. The day of the estrone/estradiol peak of
the second cycle was successfully predicted on the basis of the similarity
between the emerging pattern and the pattern of the previous cycle.
An artificial insemination performed on this day was successful. The
first indication of conception was a sharp rise in gonadotropin excretion
10 days after the insemination, due presumably to the appearance of
chorionic gonadotropin in the urine. The increase in gonadotropin ex¬
cretion was followed by a rise in estrogen output and by maintenance
of the high luteal-phase levels of pregnanediol. Although little can be
concluded from a single case, it is interesting to note that previous
artificial inseminations performed at the time of the rise in basal tempera¬
ture on the 14th day of the cycle had been unsuccessful; the successful
insemination was performed on the day of the estrone/estradiol peak
which occurred some 3 days earlier. The result might have been for¬
tuitous, but, on the basis of the estrous cycle in animals, it might be
expected that the height of estrogen secretion in women might also be
the best time for conception.

The results from subjects 7-10 throughout their pregnancies are
shown in Fig. 3, plotted on a logarithmic scale. Those for subject 8 are
also shown for a week after delivery. After about the 7th week, the
urinary estrogen levels increased rapidly and were soon outside the
range found during the menstrual cycle; they followed a smooth ex¬
ponential curve which flattened somewhat toward the end of pregnancy.
The estrone and estradiol levels at labor were approximately 100 times
higher than those during the luteal phase of the menstrual cycle, the
estradiol levels being about one-third of the estrone levels. The urinary
estriol levels rose approximately a thousandfold during this time. It is
interesting to note that the increases in estrone and estradiol between
the 10th week and term were approximately thirtyfold; the weight of
the placenta increases over this time from an average of 20 gm. to an
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D H. AGE 3Q. RVRA O

MORNING TEMPERATURE.

Fig. 2. Mrs. D. H.: the amounts of gonadotropins, pregnanediol, estriol, estrone,
and estradiol excreted per 24 hours and also the variations in basal temperature,
during a normal cycle, the cycle in which pregnancy occurred, and early pregnancy.
Gonadotropin assays: = results by the mouse uterus test. = results
by the mouse uterus test in which the reading was actually less than the figure
shown. The vertical line indicates the day of the mid-cycle peak of excretion of
estrone and estradiol. Horizontal bar indicates menstrual period. From Brown et al.
(2).
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average of 600 gm.,s which is also thirtyfold. There were no consistent
changes in estrogen excretion which could be correlated with the onset
of labor. After delivery, the urinary estrogen levels fell rapidly; estrone

Fig. 3. Excretion of estriol, estrone, and estradiol during pregnancy in four
subjects and during the puerperium in subject 8. From Brown (1).

and estradiol reached nonpregnancy values within 5 days and estriol
reached these values within 25 days after delivery (subject 8, Fig. 4).
Levels were low during lactation and reached a minimum of 4 jig. total

* These figures were kindly supplied by the Obstetric Medicine Research Unit
( Medical Research Council), Aberdeen. They have been reported by Walker (4).
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estrogen per 24 hours at the time when lactation became inadequate
and suckling was discontinued. Thereafter the amounts increased slowly.

After the period of lactation amenorrhea, there was slight vaginal
bleeding on the 78th and the 84th days after delivery when the total
estrogens excreted had risen to approximately 15 pg. per 24 hours, levels
approaching those encountered in anovulatory menstrual cycles. Soon
after this, measurable amounts of estradiol appeared in the urine
and the amount of all three estrogens rapidly increased and de¬
creased in the manner characteristic of ovulation. However, the
estrogen levels did not rise again to a definite luteal maximum and
menstrual bleeding began 8 days after the "ovulation" peak. That ovula¬
tion, followed by a shortened luteal phase, had occurred was confirmed
by morning basal temperature and urinary pregnanediol measurements.
An ovulation peak followed by a somewhat shortened luteal phase of
10 days was seen during the next menstrual cycle, and during the
third menstrual cycle there was a normal luteal maximum and the es¬
trogen levels throughout were almost identical with those during the
menstrual cycle preceding pregnancy.
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Discussion
Chairman: G. Pincus

C. G. Hartman: I note that in your curve of estrogen output there is a kink
at about the sixth week of the 267-day gestation period. In the monkey there is a
slight change in the consistency of the uterus (probably reflecting a depression of
the endocrines) at about the fourth week of the 168-day gestation.

In man and monkey these endocrine changes appear at about the time the corpus
luteum regresses and the mode of embryonic nutrition changes from the invasive
type to the orderly establishment of the placental circulation. The ovary now sur¬
renders to the placenta the primacy in the endocrine control of pregnancy. It seems
to me that the kink in the curve comes about the time this transition is made.

E. Eichner: Some time ago we produced pseudocyesis in a group of eight
women. These women had been normally menstruating before that time. They
received increasing doses of progesterone and chorionic gonadotropin by injection
and estradiol pellet implants at 10-day to 2-week intervals over a 3-month period.
The study continued for a total of 6 months. Daily urines were collected and our
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results showed well within the range of the speaker with reference to estrone,
estriol, estradiol. However, despite increasing amounts of estradiol implanted in
these patients, we never got a level much above your 7-10-week level. Culdoscopy
demonstrated completely atrophic ovaries. The uteri on the other hand were ap¬
proximately the size of a 7-8-week gestation and stayed that way. The vaginal
spreads were the typical dirty spreads of pregnancy. The endometrial biopsy showed
decidua which varied at times.

Bradbury, on seeing some of the results, thought that it was degenerating
decidua. Some of the local gynopathologists called them growing decidua. The
estrogenic affect on the patient persisted for well over two years after the experi¬
ment was stopped. I just wanted to comment on the question of the amount of
material recovered in the urine. These being State Hospital patients, all urines
which did not have adequate creatinine were discarded as being improperly
collected.

One other question I would like to ask the speaker is with reference to the
insemination at the estrone peak. Since it takes 24 hours to collect the urine, and
quite some time to run the urine, how do you pick the day on which you inseminate?

J. B. Brown: The urinary estrogen excretion of an individual is usually similar
in pattern and amount from cycle to cycle. This is illustrated by the first two
figures shown. If the urinary estrogens are determined throughout one cycle, it is
usually possible to predict with reasonable accuracy the dates of events in the
following cycle. The emerging pattern in the second cycle (Fig. 2) was in fact the
same as that found during the first cycle. An estrogen determination can be com¬
pleted in a day, and it was possible to guess on the afternoon of the eighth day
that the estrone-estradiol peak was going to be on the eleventh day. It was fortunate
that the prediction was correct because this was about the most difficult case we
could have started with. The estrogen levels were the lowest and the patterns of
excretion the least definite of any individual we have yet studied. In fact, if she had
not conceived, we might have been tempted to consider her estrogen excretion was
abnormal.

G. Pincus: Did you have any cases which failed?
J. B. Brown: One might have expected that this success would have stimulated

more gynecologists to try the method. However, this is the only case that has
been presented to us and it was successful.

G. Pincus: This is known as the phenomenon of the first experiment.
P. Troen: You inferred from your data that estriol was probably directly

produced by the placenta. There is a report by Levitz and associates [M. Levitz,
G. P. Condon, and J. Dancis, Federation Proc. 14, 245 (1955)] on perfusion of
C14-acetate into an isolated cotyledon from human placenta. From the perfusate,
they isolated radioactively labeled estrone and estradiol in small yields, but no
estriol. I believe there may still be some doubt as to whether estriol is made
primarily by the placenta or whether it is primarily a metabolite of estradiol and
estrone. The data we presented this morning indicated that the latter pathway
may be operative in the placenta itself. We are doing further experiments on this
problem, but the data are still too preliminary to report.

]. B. Brown: I agree with you entirely. The subject still is quite open.
j. Zander: My comment refers to the same question as Dr. Troen's. It is known

from the work of Dr. Diczfalusy that there are significantly larger amounts of
estriol than of the other two estrogens in the human placenta. In collaboration with
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Dr. Erica Brendle we have recently started some studies on estrogen concentrations
in different tissues, using a modification of Dr. Brown's method which is useful for
isolation of estrone, estradiol, and estriol from tissues. Dr. Diczfalusy's findings in
placental tissues were confirmed. But it was quite interesting that, pooling five
corpora lutea with a total weight of 5.27 gm., we found only a very small amount
of estriol. The concentration of estrone was 0.47 ug. per gram of corpora lutea;
of estradiol, 0.63 Rg. per gram of tissue; of estriol, only 0.02 Rg. per gram of tissue.
This shows that the relative amounts of these three estrogens differ also in the main
estrogen-producing tissues during cycle and pregnancy—corpus luteum and placenta.

J. B. Brown: We have tried to determine whether the corpus luteum pro¬
duces estriol. There is some evidence from Furuhjelm's work using histological
methods that it does. Estradiol, estrone, and estriol were administered separately
to human subjects and the amounts of estrone, estradiol, and estriol excreted in the
urine as a result of the administration were measured. It was found that the ratio
of estrone:estradiol:estriol excreted in the urine following the administration of
estrone or estradiol was practically constant for any individual, and the total ex¬
creted represented about 25% of the dose. Of this approximately half was estriol.
In the case of administered estriol, 80% of the dose was excreted unchanged as
estriol. In other words, administered estriol is approximately eight times more
effective in raising the urinary estriol levels than the same amount of estradiol.
This should also apply to endogenous estrogens. If the corpus luteum does secrete
appreciable amounts of estriol, then it would be expected that more estriol relative
to the other estrogens would be excreted in the urine during the luteal phase
of the cycle than during the follicular phase. However, it has been found that the
ratio of the three estrogens excreted in the urine by an individual remains constant
throughout the menstrual cycle. This is interpreted as evidence that corpus luteum
does not produce significant amounts of estriol.

E. H. Venning: Dr. Brown, I was wondering if you really meant that ovulation
did not occur in that cycle which preceded menstruation or do you believe that the
rise in estrogens can occur without ovulation?

J. B. Brown: The question whether a peak of estrogen excretion resembling
that found during an ovulatory menstrual cycle is in itself sufficient evidence of
ovulation is still undecided. All the current tests for ovulation are tests for a func¬

tioning corpus luteum. Regular estrogen peaks have been observed in a case suf¬
fering from cystic glandular hyerplasia who showed no evidence of a functioning
corpus luteum.

E. H. Venning: A number of years ago we followed six women after delivery
until the appearance of the first menstrual bleeding. In all these women, pregnan¬
diol was excreted before the occurrence of the bleeding, suggesting that ovulation
had occurred.

J. B. Brown: It occurred in this woman, too.
E. H. Venning: But you suspected, I gathered, that the rise in pregnanediol

had not been adequate.
J. B. Brown: No, a rise in pregnanediol excretion occurred in this case, in¬

dicating that ovulation had taken place. However, the duration of this rise and
the length of the luteal phase were much shorter than the average. I was speculating
about an exaggeration of this effect where the luteal phase was so evanescent that
it could not be detected. Would the estrogen peak still imply that ovulation had
occurred?
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G. Pincus: On the question of the estriol excretion, I should mention that Dr.
Levy in our laboratory has isolated estriol as a metabolite of C14-estradiol per¬
fused through the rat liver; so that the possibility of a conversion outside of a
placental site exists. This, incidentally, is the first demonstration of such an effect,
but none the less appears to be real.

C. Villee: I might mention that about a year ago Dr. Hagerman and I in¬
cubated some fetal liver with radioactive estradiol and Dr. Lewis Engel has been
working on this for the last year, satisfying himself that the product was estriol.
He told me just the other night that he is now satisfied that it is estriol. This is
another demonstration of conversion of estradiol to estriol by the liver—fetal liver
in this case.

J. B. Brown: Diczfalusy has shown that the estrogen metabolism of newborn
infants is unusual in that only estriol is recovered in the urine following the ad¬
ministration of estradiol.
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The present study is concerned with the estimation of urinary es¬
trogen excretion during (a) normal ovulatory menstrual cycles, and
(b) anovulatory menstrual cycles. This work was done in collaboration
with Professor R. J. Kellar and Dr. G. D. Matthew of the Department
of Gynecology and Obstetrics, University of Edinburgh, (c) In addition,
the peaks of estrogen excretion which occur during ovulatory menstrual
cycles are correlated with changes in gonadotropin and pregnanediol out¬
put and the rise in basal temperature. This work was done in collabo¬
ration with my colleagues Dr. A. Klopper and Dr. J. A. Loraine.

I. Methods

Estrogens were estimated by the method of Brown (1). This meas¬
ures urinary estriol, estrone, and estradiol-17|3, but not the more recently
discovered estrogens. The reliability of this method has been reviewed
by Brown and associates (4). All the evidence available indicates that,
except in rare and usually predictable circumstances, the method gives
reliable estimates of each of the three estrogens at levels down to ap¬
proximately 3 pg. per 24-hour specimen of urine.

Oral temperatures were recorded each morning on awakening.
Pregnanediol was estimated by the method of Klopper et al. (8).
Gonadotropins were extracted from urine by the method of Loraine

and Brown (9). The main steps in this method are adsorption on kaolin,
elution from kaolin, acetone precipitation, and purification of the crude

53
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kaolin acetone powders by treatment with tricalcium phosphate. Bio-
assays were done by the uterine weight test in intact immature mice and
sometimes also by the ventral prostatic weight test in hypophysectomized
immature rats. Results were calculated in terms of a standard prepared
from the urine of menopausal and postmenopausal women (HMG-20A)
and were expressed as "HMG units" per 24 hours.

Eight women were studied in the preliminary investigation of the
normal ovulatory menstrual cycle. All were healthy and none had any
history of menstrual abnormalities. Morning basal temperatures were
recorded in each case.

Proven anovulatory menstrual cycles were found in four women
who were being investigated for irregular bleeding or sterility. Each
subject was studied over a period of time which included at least two
phases of bleeding. Endometrial biopsies were performed, usually at the
onset of bleeding, to test for the occurrence of ovulation. Also, in some
cases, urinary pregnanediol was estimated at crucial times to test for the
presence of a functioning corpus luteum.

Nine women were studied in the investigation involving parallel
estimations of urinary estrogens, pregnanediol, and gonadotropins during
ovulatory menstrual cycles. Seven of these were healthy women, normally
active. The remaining two were patients in hospital suffering from
carcinoma of the breast. There was no history of menstrual abnormali¬
ties in any of the subjects investigated.

Complete urine samples were collected daily without preservative and
were stored at 4°C. while awaiting assay.

II. Results
A. Normal Ovulatory Menstrual Cycles

The results of the preliminary investigation have already been fully
reported (2). Examples are shown in Fig. 1-3.

It will be noted that the amounts of the three estrogens excreted
generally rise and fall together. The estradiol levels are almost always
about one-half of the corresponding estrone levels. The estriol levels
may be approximately equal to the estrone levels (Fig. 2) or greater
than the estrone levels (Figs. 1 and 3). The amounts excreted are smallest
during the first week of the cycle and then rise to a well-defined peak
at about mid-cycle. The amounts then decrease and usually rise again
to a second maximum during the luteal phase of the cycle and then de¬
crease once more before the onset of menstruation. This decrease usually
continues for several days into the next menstrual cycle.

The mid-cycle peak occurs about the same time as the rise in basal
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temperature and is presumably related to ovulation. Several features
characterize this peak.

I 3 5 7 9 II 13 15 17 19 21 23 25 27
DAY OF CYCLE

CESTRADIOL

Fig. 1. Subject 1: aged 36; para, 3. This figure and Figs. 2-5 show the amounts
of estriol, estrone, and estradiol excreted per 24 hours and also the variations in
basal temperature; menstrual period indicated by solid horizontal bar. From
Brown (2).
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Fig. 2. Subject 5: aged 17; nullipara. From Brown (2).
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1. The peak is shown by all three estrogens.
2. The rise to the peak is usually gradual and the fall after the peak

is often abrupt.
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Fig. 3. Subject 6: aged 32; para. 2. From Brown (2).

CESTRIOL

CESTRONE

3. The interval of time between the peak and the onset of menstrua¬
tion is usually about 14 days.

4. The rise and fall of the estriol level tends to lag behind those of
the estrone and estradiol levels. For instance, in Fig. 1, the peak of
estrone and estradiol excretion occurred on the 13th day of the cycle,
while that of estriol excretion occurred on the 14th day. This sequence
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is the same as that observed after the intramuscular injection of estrone
or estradiol-l7(3 (3), and should be expected if estrone and/or estradiol-
17(3 were the hormones secreted by the ovary at this time.

The second rise and fall in estrogen excretion are probably due to
estrogen produced by a growing and then regressing corpus luteum.

Figures 2 and 3 were selected from the series to illustrate the extreme
ranges of excretion values encountered.

B. Anovulatory Menstrual Cycles

The results obtained from two of the subjects having anovulatory
cycles are shown in Figs. 4 and 5. During the period studied, case 4
showed no evidence of ovulation, while case 5 had an anovulatory men¬
strual cycle followed by an ovulatory one. The other two subjects also
had both ovulatory and anovulatory cycles during the periods studied
and their urinary estrogen excretion resembled that of case 5 in pattern
and amount.

During the anovulatory menstrual cycles, the urinary estrogen levels
remained remarkably constant. There was no rise resembling the mid-
cycle peak of an ovulatory menstrual cycle nor a fall prior to menstrua¬
tion. The amounts excreted were maintained at approximately 20 pg. of
total estrogen per 24 hours. These amounts are some two to three times
greater than those found after the menopause or in younger women
suffering from complete amenorrhea. They are also within the range
found at the onset of menstruation during an ovulatory menstrual cycle.
It seems that these amounts of urinary estrogens reflect threshold levels
of estrogen in the body which are sufficient to stimulate growth of the
endometrium. Since menstrual bleeding can also occur at these levels,
the endometrium becomes unstable as it builds up. It therefore breaks
down from time to time resulting in anovulatory bleeding from a pro-
liferative-phase endometrium. Unlike normal menstruation, this type of
bleeding occurs without the withdrawal of the estrogen (and progester¬
one) stimulus. These conditions appear to be analogous to those pro¬
duced experimentally by Zuckerman and others, who found that uterine
bleeding will occur periodically in oophorectomized monkeys and women
maintained on a constant threshold dose of estrogen (10).

In case 5, the third period of bleeding shown was from a secretory-
phase endometrium. It can therefore be concluded that this terminated
an ovulatory cycle. The urinary estrogen excretion pattern showed the
characteristic "ovulation" peak followed by a luteal maximum. Bleeding
began 13 days after the peak. An interesting feature, also observed in
the other cases where an ovulatory cycle followed a period of anovulatory
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bleeding, was that the peak occurred immediately after the bleeding
without any intervening proliferative phase.

The subjects shown in Figs. 4 and 5 are selected examples taken from
a series comprising more than 80 cases who were complaining of men¬
strual abnormalities and in whom urinary estrogen levels have been
correlated with clinical and surgical findings [Brown, Kellar, and Mat¬
thew; in press (6) ]. During this study, it was found that ovulation
was invariably associated with a rise and fall in the amounts of the three
estrogens excreted in the urine. This peak had all the characteristics
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Fig. 4. Case 4: aged 19; nullipara; dysfunctional uterine hemorrhage. From
Brown, Kellar, and Matthew (6).

of the mid-cycle peak of the normal ovulatory menstrual cycle. The inter¬
val of time between the estrogen peak and the beginning of the previous
menstrual period varied from 4 months to 5 days; between the estrogen
peak and the onset of the next menstrual period the time interval varied
from 8 to 16 days. However, very occasionally the luteal-phase rise and
fall in urinary estrogens could not be demonstrated, although all the
other evidence indicated that a functioning corpus luteum was present.

C. Time Relationship between the Estrogen Peak and Ovulation

There are good reasons for believing that the estrogen peak and
ovulation are closely related. In an attempt to determine the relationship
in time between the two, parallel determinations have been made of
urinary estrogen, pregnanediol, and gonadotropin output and of basal
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temperature during ovulatory menstrual cycles. Figures 6 and 7 show
examples of the results obtained (5).

A definite rise in gonadotropin excretion ranging from 13 to 40 HMG
units per 24 hours was observed at approximately mid-cycle in seven of
the nine cases studied. In two individuals this rise was absent although
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Fig. 5. Case 5: aged 26; nullipara; irregular periods. From Brown, Kellar, and
Matthew (6).

all the other evidence available indicated that ovulation had occurred.
In five of the seven cases, the increased output of gonadotropins was con¬
fined to a single pooled sample collected over 48 hours; in the remaining
two, the peak was more diffuse, being spread over 6 and 9 days. In none
of the subjects studied did the gonadotropin peak precede the estrogen
peak. In four, the peak of estrone and estradiol excretion occurred during
the first 24 hours of the 48-hour period during which the gonadotropin
peak occurred (e.g., see Fig. 6). In the other three, the gonadotropin
peak occurred 2-4 days after the estrogen peak (e.g., see Fig. 7).
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The amounts of pregnanediol excreted were similar to those pre¬
viously reported by Klopper (5). It is generally believed that the mid-
cycle rises in pregnanediol excretion and in basal temperature are due
to progesterone secreted by the newly formed corpus luteum and that
they occur soon after ovulation. In this series, the rise in pregnanediol
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Miss E. B.: aged 27; nullipara. This figure and Fig. 7 show the daily
excretion of gonadotropin, pregnanediol, estriol, estrone, and estradiol and also
the variations in basal temperature. Gonadotropin assays: , results by the mouse
uterus test; , results by the mouse uterus test in which the reading was actually
less than the figure shown; . . . results by the hypophysectomized rat prostate test.
The vertical line indicates the day of the mid-cycle peak of excretion of estrone and
estradiol. The solid horizontal bar indicates the menstrual period. From Brown,
Klopper, and Loraine (5).



ESTROGEN EXCRETION IN MENSTRUAL CYCLES 61

coincided approximately with the rise in basal temperature. These rises
always occurred after the estrogen peak, the time interval ranging from
1 to 4 days. In two subjects the rise in pregnanediol output occurred
before the gonadotropin peak.

Morning temperature

I 3 5 7 9 II 1315 21 25 29 331 3
DAY OF CYCLE

Fig. 7. Mrs. M. R.: aged 41; para 2; mammary carcinoma. From Brown, Klop-
per, and Loraine (5).
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The time from the estrogen peak to the onset of menstrual bleeding
varied in different subjects from 11 to 16 days, with a mean figure of
13.9 ± 1.6° days. The corresponding intervals dated from the gonado¬
tropin peak, the increase in urinary pregnanediol excretion and the rise
in basal temperature were respectively 13.2 ± 1.7," 11.7 ± 2.1,° and
11.2 ± 2.5* days. The estrogen peak is therefore the earliest indication
of ovulation.

III. Summary
The urinary excretion of estriol, estrone, and estradiol has been esti¬

mated during normal ovulatory menstrual cycles and during anovulatory
menstrual cycles with the following results.

1. During ovulatory menstrual cycles, at least one and usually two
peaks of estrogen excretion were observed. One was highly characteristic
and occurred at about mid-cycle; the other was often less well defined
and occurred during the luteal phase. Menstruation began about 14 days
after the mid-cycle peak as the levels were decreasing after the luteal-
phase peak.

2. During anovulatory menstrual cycles, the estrogen levels remained
more or less constant at approximately 20 pg. total estrogen per 24-hour
urine. There was no indication of an estrogen peak or a decrease in
levels before the onset of menstruation.

An estrogen peak with the characteristics of the mid-cycle peak of
the ovulatory menstrual cycle seems always to be associated with ovula¬
tion. In attempting to determine the relationship in time between this
estrogen peak and ovulation it was found that:

1. The estrogen peak occurred 1-4 days before the rise in basal
temperature and the luteal-phase increase in urinary pregnanediol.

2. The estrogen peak either coincided with the mid-cycle peak in
urinary gonadotropin or preceded it by an interval of up to 4 days. In
none of the nine women studied did the gonadotropin peak precede the
estrogen peak. In two cases the gonadotropin peak was absent, although
all the evidence available indicated that ovulation had taken place.

The evidence presented here suggests that the estrogen peak is the
earliest and one of the most reliable indications of ovulation.
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Discussion
Chairman: J. Rock

H. Heller: With what "efficiency" are estradiol, estrone, and estriol excreted
by the kidney after intravenous injection? What is the time course of the excretion
and what percentage of the injected dose appears in the urine?

J. B. Brown: Approximately 25% of an intramuscularly (I.M.) injected dose
of estradiol or estrone can be accounted for as estradiol, estrone, and estriol ex¬
creted in the urine. The urinary levels of estradiol and estrone are maximal on the
day of the injection and fall to base-line levels in 2-4 days. Estriol excretion is
usually maximal on the day after the injection and takes up to a week to return
to normal.

H. Heller: You say about 25%. What I really wanted to know is the degree
of scatter round this average value. For example, is it 10-40% or is it 25 ± 5%?

J. B. Brown: According to our figures the recoveries vary from about 16 to
35%.

H. Heller: Have you ever done any renal function studies in your abnormal
cases? Do you know whether changes in renal function (owing, for instance, to a
change in body temperature) influence hormone excretion?

J. B. Brown: We have not made a detailed study of the relationship between
estrogen excretion and renal function. However, from the cases we have done, it
appears that gross renal damage is necessary before the clearance of estrogen is
affected. There is certainly no indication that the fluctuations in estrogen excretion
reported here are due to changes in renal function.

M. L. Taymor: Dr. Brown, I was particularly interested in the case in which
the patient had a long period of amenorrhea and then had a rather sharp peak of
estrogen simulating an ovulatory cycle. Do you have many more cases like that?
The reason I ask the question is that those of us who do clinical infertility
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work often see these cases with infrequent ovulation. When we follow the cervical
mucus changes, which we think are dependent upon the estrogen secretion at this
time, we often see these changes long before actual ovulation. In addition, I have
seen cases where the cervical mucus seems to get to a point where one would
think you are getting close to ovulation and then it regresses again. It would be
interesting to know if estrogen rises and falls in such cases. In such cases perhaps
estrogen rise would not be an indicator of incipient ovulation.

J. B. Brown: It would be very interesting to correlate the changes in cervical
mucus, such as you describe, with urinary estrogen excretion. This has not yet been
done. However, a certain amount of information is available concerning the rela¬
tionship between urinary estrogen levels and the state of the endometrium. The
endometrium is atrophic when the urinary excretion has been less than about 5 |xg.
total estrogen per 24 hours for some time; it proliferates when the excretion exceeds
about 14 Rg. per 24 hour urine. In between these figures, the grading of the
endometrium depends very much on the individual. During a period of amenorrhea,
it is possible for the urinary estrogen levels to rise and fall within this range with¬
out a semblance of a sharp ovulation peak and without ovulation occurring. I
think this would be the explanation of your findings.

G. Pincus: The luteal-phase changes you described, which are very con¬
sistent and which have been observed even by those of us who have used bioassays
as well as chemical methods, may or may not be influenced by progesterone.
You may remember that Smith and Smith at one time thought that progesterone
might be a responsible agent for the estriol output increase. Have you tested this
possibility by the administration of progesterone to see what effect it had on estrogen
excretion?

J. B. Brown: Yes, we have administered estradiol I.M. to women during the
luteal phase, during the follicular phase, and along with progesterone. We could
find no evidence that progesterone influences in any way the amounts of estrone,
estradiol, and estriol recovered in the urine.

G. Pincus: I noted that on some of your charts the absolute values through
a cycle were quite different in different patients. I wondered whether you had
correlated the total daily estrogen excretion with the vaginal cytology pattern
throughout a cycle. I think that this may be of importance because apparently in¬
dividual estrogen values don't mean very much. It is what they do from day to day
since they may vary so much in different cycles. Did you study any vaginal smears
in these cycles?

J. B. Brown: We did not do vaginal smears in this series. However, workers
in London, using the same estrogen method, have compared vaginal cytology with
urinary estrogen levels. They obtained a good correlation between the two, pro¬
viding they allowed for a certain delay in the response of the vaginal smears to a
change in estrogen levels.

A. E. Rakoff: In other words the vaginal cytology smear would give essentially
the same picture as the daily urinary excretion pattern irrespective of the difference
in the total value excreted by different patients.

J. B. Brown: That is probably correct. How feasible would it be to obtain
quantitative data relating the two?

A. E. Rakoff: Well, I would think the vaginal cytology picture would
probably depend a whole lot on the responsiveness of the individual patient. Some
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patients might show a full cornification response to less estrogen than another patient.
The other point that interested me was the fact that the gonadotropin peak occurred
later than the estrogen peak and you then, therefore, intimated that the peak of
the estrogen level was not due to gonadotropin, but you did not say what you
thought the cause of the peak of estrogen was.

J. B. Brown: I had hoped that someone else at this meeting might have some
ideas on this point.

J. Rock: Dr. Brown brought out another point that interested me very much,
and that is that he does not show that anovulatory bleeding is due to estrogen with¬
drawal as far as excretion here is concerned. I wonder if anybody knows what
causes intermenstrual bleeding. I would like so much to know what makes the
endometrium bleed. It is so easy to say that the tissue is built up by these trophic
hormones and then the level drops down and the tissue cannot support itself and,
therefore, the vascular system breaks down; but I wish somebody would tell me how.
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Clinical Significance of Urinary Estrogen Determinations

By J. B. BROWN, M.Sc., Ph.D.

Introduction

at the time of writing, 10 metabolites of the primary estrogenic hor-
x\. mones, estrone and estradiol-17/3 have been isolated from human
urine and identified. These are present as water-soluble conjugates the most
important of which are the glucuronides. They include estrone and estra-
diol-17/3 themselves and a number of their hydroxy, oxo and methoxy
derivatives.1 •2 It is also certain that two and probably more similar com¬

pounds have yet to be discovered.
Experiments in which isotopically labeled estradiol-17/3 has been ad¬

ministered to human subjects indicate that this hormone is very rapidly
metabolized and excreted within a period of approximately 12 hours, partly
in the urine and partly in the bile. The biliary metabolites appear to be the
same as those excreted in the urine.3 They are mainly reabsorbed from the
gut and re-excreted in the urine and bile. Eventually, during a period of
two to three days, the major portion of the administered hormone is ex¬
creted in the urine and a small amount is excreted in the feces.4, 5 After

hydrolysis of the conjugates, the urinary component is found largely in the
neutral plus phenolic fraction and can be accounted for mainly as the known
estrogens. There appears to be no degradation of the steroid nucleus during
this process.

At present, there are reliable methods for measuring only 3 of the estro¬
gens in urine, namely estrone, estradiol-17/3 and estriol. Obviously, a method
for measuring all the urinary metabolites of estrone and estradiol would be
highly desirable: It would provide an accurate measure of the amounts of
the primary hormones produced in the body; it would yield information
concerning the various metabolic processes and their relative importance in
health and disease and it might also indicate whether some of the metabo¬
lites themselves, apart from being excretory products, have important func¬
tions in the body. Nevertheless, useful results are being obtained through
the application of methods which measure estrone, estradiol-17/3 and estriol
only. Until recently, these restricted methods were generally based on bio-
assays which suffered from a number of disadvantages and were extremely
laborious. During the last four years, a number of chemical methods has
been described for the assay of one or all of these 3 estrogens (see, for
example, refs. 6-9). These chemical methods have the advantage of con-

684
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venience and can therefore be applied to clinical problems which require the
assay of large numbers of urine samples. Considerable efforts have been
directed towards establishing the reliability of some of these methods under
a variety of conditions (see, for example, refs. 10-12), and in turn the
"established" methods have acted as controls for the newer methods as

they have been developed. As a result, the range of applicability of these
methods can be defined, and provided this range is observed, confidence
can be placed in the results obtained. This chapter deals with the applica¬
tion of these newer assay technics to clinical problems. No attempt will be
made to describe them individually or to discuss the methods employed
for establishing their reliability. The term "total estrogens" will imply the
sum of estrone, estradiol-17/3 and estriol.

Clinical Application of Estrogen Assays

Results in Women of Child-13earing Age

The Ovulatory Menstrual Cycle: A characteristic pattern of estrogen ex¬
cretion is found during the menstrual cycle. This is now so well established
that it provides a useful preliminary check on the reliability of a new assay
technic. The characteristic features of this pattern are illustrated in figure
1, which shows the maximum, mean and minimum values for the daily
excretion of estrone, estradiol and estriol by 16 women throughout their
menstrual cycles. The amounts of the three estrogens excreted generally
rise and fall together. Quantitatively, estradiol-17/3 is the minor urinary
estrogen, estrone and estriol may be excreted in equivalent amounts or

estriol may be the major estrogen. The amounts excreted are low during
the first week of a 28 day cycle, and then ^!e to a well defined peak, termed
the "ovulatory peak," or "follicular maximum," which occurs on or about
the fourteenth day of the cycle. This is followed by a short period of de¬
crease and then by another rise, termed the "luteal maximum." This
second peak is usually lower than the follicular maximum and occasionally
it may be absent. During the last few days of the cycle the estrogen excre¬
tion falls and then menstruation occurs.

The shape of the ovulatory peak is highly characteristic: it is shown by
all three estrogen fractions; the rise to the peak is usually gradual, and the
subsequent fall is often abrupt; the rise and fall in estriol tends to lag
slightly behind the rise and fall in estrone and estradiol; and the interval
of time between the peak and the onset of menstruation is usually about
14 days.

It is reasonable to believe that this pattern of urinary estrogen excretion
reflects the following possible sequence of events occurring in the ovary.
The secretion of the primary ovarian hormones, estrone- and estradiol,
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Fig. 1—Mean, maximum and minimum quantities of urinary estriol, estrone and
estradiol-17/3 from 16 women, aged 18 to 41 years, with normal menstrual cycles.
Time between onset of bleeding (day 1) and ovulatory peak of estrone/estradiol
varied from 10 to 18 days, (mean 13 days), and between estrone/estradiol ovulatory
peak and first day of next menstruation, from 12 to 16 days (mean 14 days). Curves
were constructed by superimposing individual curves in such a way that each of the
estrone/estradiol ovulatory peaks coincided with day 13 of the composite curves.
Solid black bar = menstruation.

increases as the size of the follicle increases and reaches a peak just before
rupture at ovulation. The derangement of the follicle following rupture
results in a fall in estrogen secretion. Growth and regression of the corpus
luteum cause a second rise and fall in estrogen secretion. Since estrone and
estradiol are metabolized and eliminated very rapidly in the urine as their
conjugates and slightly less rapidly as estriol, it follows that the fluctuations
in urinary estrone and estradiol should be closely related in time to the



URINARY ESTROGEN DETERMINATIONS 687

corresponding changes in the ovary. A number of attempts has been made
to prove this point. In a study involving over 100 women, Brown, Kellar
and Matthew13 invariably observed a characteristic "ovulatory" peak when¬
ever ovulation occurred as judged by the usual criteria of endometrial
biopsy, basal temperature records and urinary pregnanediol excretion. How¬
ever, since all these criteria depend on the formation of a functioning corpus
luteum, these workers could not establish that an "ovulatory" peak with¬
out accompaying luteal changes, would in itself be proof of ovulation. In
this series, the period of time between the onset of the previous phase of
bleeding and the "ovulatory" peak varied in different subjects from 5 to 92
days and between the peak and the onset of the next bleeding phase from
11 to 16 days. Brown, Klopper and Loraine14 found that the midcycle
estrone-estradiol peak occurred one to four days before both the rise in
basal temperature and the luteal phase increase in urinary pregnanediol
output, and either coincided with the midcycle peak of urinary gonado¬
tropin excretion or preceded it by an interval of up to four days. They also
reported a case in which an insemination performed on the day of the
estrone-estradiol peak resulted in a successful pregnancy whereas several
inseminations timed on the basis of the change in basal temperature had
been unsuccessful.

It- can be concluded that measurements of the daily output of estrone,
estradiol-17(3 and estriol in the urine throughout the menstrual cycle, pro¬
vide a reliable picture of ovarian activity. And, in fact, the finding of a
characteristic "ovulatory" peak of excretion does seem good evidence that
ovulation has occurred and probably also indicates when it occurred. This
method of testing for ovulation does not depend on the presence of a func¬
tioning corpus luteum as do other methods, which can be an advantage,
for example, when testing the effect of progestational compounds on ovarian
function.

Amenorrhoea: Brown et al.13 studied 23 patients suffering from amenor-
rhoea. These were divided into four groups as follows:

Group I comprised 3 cases of primary amenorrhoea due to congenital
absence of uterus and vagina. Cyclical changes in urinary estrogen output
were observed in all cases. In 2, the characteristic "ovulatory" peak fol¬
lowed by a luteal maximum was demonstrated, and in both of these the
occurrence of ovulation was confirmed by pregnanediol assays. These cases
therefore show that normal ovarian function is possible in the absence ol
the target organ, the uterus.

Group II comprised 8 cases, age 20 to 38, one with primary amenorrhoea,
the others with secondary amenorrhoea. These patients did not subse¬
quently menstruate and were therefore classified as menopause praecox. In
all cases, the endometrium was atrophic and the estrogen output was low.
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The ranges of values in micrograms/24 hours were as follows: estrone 1.0
to 4.7 (mean 3.2), estradiol nil to 3.1 (mean 0.7), estriol nil to 5.0 (mean
2.4), total 1.8 to 10.0 (mean 6.3).

Group 111 consisted of 11 patients, who, after periods of amenorrhoea
lasting from three years to two months, subsequently menstruated. These
were, therefore, examples of temporary suppression of ovarian function.
The results of estrogen assays ranged from the low levels found in group II
to those found during the normal menstrual cycle.

Group IV comprised two patients with functioning ovarian tumors.
Both were excreting approximately 13 micrograms total estrogens/day. It
was suggested that these amounts were derived from the tumor and were
sufficient to suppress normal ovarian function.

The Anovulatory Menstrual Cycle: Five cases exhibiting anovulatory
menstrual cycles were described by Brown et al.13 These all had histories
of irregular episodes of bleeding, although the bleeding phases under study
occurred at approximately regular monthly intervals. Diagnosis in all cases
was based on endometrial biopsies. In a study of estrogen excretion in 27
women having apparently normal menstrual cycles, the writer (unpublished
observations) has encountered anovulatory cycles in 3. These were diag¬
nosed on the basis of basal temperature records and pregnanediol assays.
The results obtained in these anovulatory cycles were similar in all respects
to those reported by Brown et al.13

Figure 2 illustrates the estrogen values found during these anovulatory
menstrual cycles. In the case shown, an anovulatory cycle was followed by
an ovulatory one. The characteristic features of the anovulatory menstrual
cycle are: (1) The estrogen output remains more or less constant between
episodes of bleeding and shows only minor day to day fluctuations. This
contrasts with the rhythmic changes which occur during the ovulatory
cycle. (2) The estrogen output is maintained at higher levels than those
found in women with an atrophic endometrium and experiencing complete
amenorrhoea. The daily excretion values found in 116 determinations per¬
formed during 11 anovulatory cycles in 6 women ranged as follows: estrone
3 to 13 micrograms (mean 6.4), estradiol nil to 10.2 (mean 2.4), estriol 5 to
21 yug (mean 9.4) total 9-33 (mean 18.2). It seems that these amounts of
urinary estrogens reflect threshold production of estrogens by the ovaries
which is sufficient to stimulate growth of the endometrium. As the endo¬
metrium builds up under this steady stimulation, it apparently becomes
unstable and breaks down from time to time resulting in anovulatory
bleeding from a proliferative endometrium. Unlike normal menstruation
this bleeding occurs without withdrawal of the estrogenic (and progesto-
genic) stimulation.

Cystic Glandular Hyperplasia: Brown et al.13 recorded the results of
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Fig. 2—An anovulatory menstrual cycle followed by an ovulatory menstrual
cycle.13
Solid black bar = menstruation.

estrogen assays in 14 patients who were being studied for cystic glandular
hyperplasia. They found that they could divide the patients into two groups
according to the estrogen output.

1. Patients in whom the urinary estrogen output remained more or less
constant at 30 to 40 micrograms total estrogen/24 hours between episodes
of bleeding; this is analogous to the pattern found during anovulatory
menstrual cycles except that the output is maintained at a higher rate.
Such a case is illustrated in figure 3.

2. Patients who showed a single rise and fall in estrogen output between
bleeding phases; this differed from an ovulatory peak in that higher values
were reached and these were maintained for a longer period of time. Such a
case is illustrated in figure 4. Here the total estrogen output remained above
35 micrograms/day for 20 days and reached 80 micrograms, a value rarely
reached during the normal menstrual cycle. It was observed that ovulation
sometimes occurs between phases of this type.

These workers concluded that cystic glandular hyperplasia of the endo¬
metrium is found in association with total urinary estrogens which have
been maintained for some time in the region of 30 micrograms/day or more,
and that bleeding from this type of endometrium may occur while the out¬
put is constant, while it is rising or while it is falling. After a period of
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Fig. 3—Cystic glandular hyperplasia (constant estrogen excretion)13
Solid black bar = menstruation.

BIOPSY
(CYSTIC GLANDULAR HYPERPLASIA)

31 2 4 6 8 IO12 14 16 182022212628302 4 6
NOVEMBER

1956

Fig. 4—Cystic glandular hyperplasia (fluctuating estrogen excretion)13
Solid black bar = menstruation.
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elevation, the estrogen output may fall to very low values. As this often
coincides with the onset of bleeding, it is common to find patients who are

bleeding from a well developed cystic glandular hyperplasia and who are at
the same time excreting very small amounts of estrogens.

Results in Postmenopausal Women
Normal Values: A number of centers have recently reported values for

the output of urinary estrogens by postmenopausal women. The most care¬
fully controlled series is that reported by McBride.16 This worker assayed
24 hour urine specimens collected twice weekly over a period of six to eight
weeks from 7 women who were 2 to 26 years past the menopause. All 7
subjects had an atrophic endometrium and none had experienced post¬
menopausal bleeding. There was no evidence of any cyclic changes in
estrogen output in any individual although the amounts excreted could
vary considerably from day to day. The mean excretion values for each of
the 7 individuals are summarized in table 1. There was no correlation be¬
tween estrogen output and time past the menopause.

Postmenopausal Bleeding: Brown et al.13 investigated 23 women with
postmenopausal bleeding. Assays were usually performed on at least two
48 hour collections of urine. These cases were divided into 3 groups.

1. Ten patients with an inactive endometrium; the bleeding in 5 of these
was due to an adenocarcinoma of the body of the uterus, in 1 to cervical
ulceration, in 1 to a cervical polyp, and in 1 to localized endometrial polyps.
The cause of bleeding was not ascertained in 2.

2. Six patients in whom the endometrium was not examined; 5 of these

Tabi.e 1—Estrogen Output in Postmenopausal Women (Results in ng./24 hr. urine)

Endometrium
No. of Cases

Normal* Postmenopausal Bleedingf

atrophic
7

atrophic
10

(cervical
carcinoma)

6

active
7

estrone range 1.1-2.7 0.3-2.4 0.9-3.1 1.4-15.4
mean 1.9 1.3 1.6 4.6

estradiol range 0.2-1.1 0-1.4 0-1.7 0-2.0
mean 0.6 0.3 0.4 0.7

estriol range 1.6-5.4 2.2-7.5 2.0-6.6 1.2-21.1
mean 3.3 3.9 3.6 10.9

total range 3.1-8.1 3.2-9.0 3.6-8.9 2.6-44.0
mean 5.8 5.5 5.6 16.2

k * From McBride.16

f From Brown et al.13

1
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had a squamous epithelioma of the cervix and 1 had a cervical adeno¬
carcinoma.

3. Seven patients who showed endometrial changes consistent with
estrogenic stimulation; 3 of these had ovarian tumors which were probably
the source of the estrogen.

The mean excretion values for each individual in these groups are sum¬
marized in table 1.

The estrogen values found in groups 1 and 2 were the same as those
found in the normal group. The apparent anomaly of the low values found
in some of the patients with an active endometrium was discussed in the
section dealing with cystic glandular hyperplasia.

Cancer of the Breast: There has been much speculation on the possible
relationship between estrogen secretion and mammary carcinoma. This has
been stimulated in recent years by the finding that hypophysectomy or
bilateral oophorectomy and adrenalectomy may be beneficial to a propor¬
tion of patients with this disease. Consequently, attempts have been made
in a number of centers to clarify these findings by laboratory analyses.
Great difficulties have been encountered because the assay methods avail¬
able are no longer reliable at the very low rates of estrogen excretion found
in these patients.

Brown17 was unable to find any convincing differences in the output of
endogenous estrogens in a group of 27 postmenopausal women with re¬
current breast cancer and a comparable control group. Estradiol-17/3 was
administered to subjects in both groups to determine whether any dif¬
ferences could be detected in their metabolism of estrogens. The percentage
of the dose recovered in the urine as the 3 estrogens was the same in the
two groups. However, in the cancer group, estriol usually accounted for a

higher proportion of the "total" urinary estrogens than in the control
group. This was also reflected in the output of endogenous estrogens. Such a

change in the relative importance of estriol has been observed in other
conditions.

A number of workers16 •18-22 measured the urinary output of estrogens
before and after oophorectomy, adrenalectomy and hypophysectomy. In
postmenopausal women no change in estrogen output could be detected
following oophorectomy. Adrenalectomy and hypophysectomy usually re¬
duced the output of urinary estrogens, but the results of the assays were

usually so unreliable at the quantities being measured that it was impossible
to determine whether the estrogen output had been abolished or not. How¬
ever, results obtained by biological methods indicated that some patients
continue to excrete estrogens in the urine after these operations.23,21 No
convincing correlation between the output of estrogens in the urine and
the clinical response to various forms of treatment coidd be found by any
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of the workers. Obviously more sensitive methods of assay are required for
this type of investigation.

A number of the above workers administered corticotropin (ACTH) to
some of their patients. This elicited a great increase in urinary estrogens
when the adrenals were intact but failed to do so after bilateral adrenal¬

ectomy. These results provided good evidence, which had hitherto been
lacking, that the adrenals are important sources of urinary estrogens in the
human being. They further showed that adrenalectomy was effective in
removing all the tissue which responds to corticotropin. The rise in estrogen
output which follows the administration of corticotropin may equal that
which occurs at ovulation during the menstrual cycle. From a consideration
of the relative amounts of the three estrogens excreted at this time, Brown,
Falconer and Strong16 concluded that the adrenal cortex secretes the same

estrogens as the ovaries, namely estradiol-17/3 and estrone, and, when
suitably stimulated, has as great a capacity for doing so as the ovaries at
the height of their activity during the menstrual cycle.

Normal Men and Men with Coronary Disease
The higher incidence of myocardial infarction in men of all ages and in

women after the menopause as compared with that found in women of
child-bearing age, suggests that estrogens, or lack of them, might play an

important role in the onset of this disease. This suggestion is further sup¬
ported by the observation that male South African Bantus, who frequently
show signs of estrogenic changes such as gynecomastia, are relatively im¬
mune to coronary disease. Consequently, a number of South African workers
have compared the estrogen excretion of healthy European men, European
men with acute myocardial infarction and Bantu men. The results are sum¬
marized in table 2.

Statistical analysis of the results showed differences (P = <0.005) be¬
tween the following groups. (1) In the healthy Europeans, the output of all
3 estrogens was higher in the older age group. This was especially so in the
estriol fraction. (2) Compared with healthy Europeans of similar age, the
men with myocardial infarction excreted less estradiol, estrone and total
estrogens, but the same amount of estriol. The proportion of estriol to total
estrogens was therefore higher in the group with myocardial infarction. (3)
The total estrogen output was higher in the Bantu than in the healthy
European of comparable age, the increase being confined entirely to the
estradiol fraction. This difference between Bantu and European men was
also observed by Bloomberg, Miller, Keeley and Higginson.24 These workers
concluded that the Bantu is less efficient in metabolizing estradiol than the
European.

Bauld, Givner and Milne25 administered small doses of estradiol-17|S to a
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Table 2—Urinary Estrogen Excretion by Healthy European Men, European Men with
Acute Myocardial Infarction and Bantu Men

Healthy Europeans
/Range(21)
/Mean

(201 /RanSe
\Mean

Myocardial Infarction
,c,o\ /Range(d' /Mean

Bantus

/Range
/Mean

Age
(yrs.)

Estrone

20-48 1.7-9.8

31 4.3
45-65 2.8-12.

55 6.3

42-81 0.6-9.6
57 3.7

20-45 2.0-11..

31 5.5

Estradiol Estriol

0-3.1 0.6-9.9
1.1 2.6

0.5-3.8 1.3-12.7
2.1 6.0

0-2.5 1.9-16.2

0.7 6.4

0-6.4 0.8-6.4
2.5 3.5

Note: Figures in parenthesis refer to the number of subjects studied (from Ber-
sohn and Oelofse26' 27).

group of healthy men and to a group of men with recent myocardial infarc¬
tion. They found that the sum total of estrone, estradiol and estriol re¬
covered in the urine, as a percentage of the dose, was the same in the two
groups: however, the men with myocardial infarction excreted relatively
more of the urinary estrogen as estriol than the control group. This is in
agreement with the findings of Bersohn and Oelofse26 for the excretion of
endogenous estrogens. Further work using technics which measure all the
metabolites of estradiol is obviously necessary before the significance of
these results can be ascertained.

Liver Disease

The liver is the main organ in the body responsible for the metabolism
of the estrogenic hormones. Certain clinical conditions, such as gynecomas¬

tia, testicular atrophy and menstrual disorders commonly associated with
liver disease, have therefore been ascribed to failure of the liver to inactivate
the estrogens normally produced in the body.

Cameron28 measured the output of urinary estrogens in 12 patients with
chronic liver disease. All had diffuse liver fibrosis and evidence of func¬
tional damage but none was moribund. Total estrogen excretion was ab¬
normal in only 2 cases. These were men who were excreting 42 and 35
micrograms/day; in one, the output of all 3 estrogens was increased, in the
other, only estriol was increased. However, 4 patients were excreting higher
proportions of estriol to total estrogens than normal. No unconjugated
estrogen was detected in the urine of any case. Bloomberg et al.24 obtained
similar results in a comparison of the estrogen output of a group of 5 men
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with cirrhosis of the liver and a control group of 10 healthy men. Individual
values were not reported, but as a group, the patients with cirrhosis ex¬
creted larger amounts of total estrogens than the control group, and again,
this increase was confined mainly to the estriol fraction. The writer (un¬
published observations) has also found that the output of urinary estrogens
may sometimes be increased in liver disease, and that this increase usually
includes the estriol fraction. These findings are not in accord with the belief
that estrogen metabolism is impaired in these cases. In fact, the moderately
diseased liver seems to be even more effective in metabolizing estrogens
than the normal, at least in so far as the pathway to estriol is concerned.

Adrenocortical Tumors and Adrenocortical Hyperplasia
A raised estrogen output is a common finding in patients with adreno¬

cortical tumor and adrenocortical hyperplasia. For example, Eberlein et al.9
found estriol excretion to be 3 to 60 times the normal in 10 children and 2

young women with adrenal hyperplasia. The children excreted amounts
which ranged from 6 micrograms/24 hours by a girl 3 months old to 113
micrograms/24 hours by a girl 2 years old; the women excreted from 61 to
125 micrograms estriol/24 hours. In all cases the estrogen excretion was

greatly reduced by treatment with cortisone or its analogues. Brown, Bul-
brook and Greenwood11 estimated the amounts of estrone, estradiol and
estriol excreted in the urine by 4 patients with adrenal carcinoma. One was

excreting quantities which were within the normal range for her age and
sex, the others were excreting 10 to 20 times the normal amounts. The
writer has observed daily excretion values as high as 014 micrograms
estrone, 64 micrograms estradiol and 640 micrograms estriol in a patient
with an adrenal tumor; these were reduced to normal values by removal of
the tumor.

Provided allowance is made for a possible ovarian contribution, the out¬
put of urinary estrogens appears to be a sensitive and reliable index of ab¬
normal adrenal function.

The Relationship Between Urinary Estrogen Excretion
and Clinical Signs of Estrogenic Activity

The Histologic Appearance of the Endometrium
From their study of 75 patients with a variety of gynecologic disorders,

and 16 women having normal menstrual cycles, Brown et al.13 were able to
show a close correlation between the amounts of the 3 estrogens excreted
in the urine and the state of the endometrium. They divided their subjects
into two main groups according to whether they were excreting amounts
of estrogens which remained more or less constant from day to day (type I)
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Fig. 5—Correlation between urinary estrogen excretion and endometrial pattern
(constant estrogen excretion).13

or which showed pronounced periodic fluctuations (type II). Each group
was further subdivided according to the histologic appearance of the
endometrium. The estrogens, expressed as micrograms total estrogens ex¬
creted/24 hours, found in each of the subdivisions, are summarized in
figures 5 and 6. (Figure G incorporates the applicable features of figure 5).

A certain amount of overlap was observed between the estrogen values
found in each of the subdivisions. This is not surprising when account is
taken of such variable factors as endometrial response and duration of endo¬
metrial stimulation.

Vaginal Cytology
Young, Bulbrook and Greenwood29 compared the cellular patterns of the

vaginal fluid with the output of the 3 estrogens in the urine in 53 premeno¬
pausal and postmenopausal women. Seventy-five observations were made,
most of them on random samples. They used 7 methods of grading the
estrogenic response of the vaginal cells and obtained a close correlation
between all of these and the output of estriol in the urine. However, no
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DAYS.

Fig. 6—Correlation between urinary estrogen excretion and endometrial pattern.
Values for the ovulatory menstrual cycle and cystic glandular hyperplasia (fluctu¬
ating estrogen levels) superimposed on the data given in fig. 5.13

such universal correlation was obtained for estrone and estradiol excretion.

Puttarajurs and Taylor30 collected serial vaginal smears and urine speci¬
mens throughout the menstrual cycles of 4 women and compared the degree
of cornification of the vaginal epithelium with estrogen excretion. They
showed that during the follicular phases of the cycles studied, some correla¬
tion between total urinary estrogens and the degree of vaginal cornification
could usually be shown. This correlation was most significant when the
estrogen output was compared with the smear taken two days later.

The above relationships between urinary estrogen excretion and clinical
signs of estrogenic activity have been established for women only, in whom
the ovaries are the main source of estrogen. Similar studies have not yet
been attempted in patients with adrenocortical hyperfunction or in men.
The apparent anomaly that normal men may excrete as much estrogen as
women during the first week of the menstrual cycle or during anovulatory
cycles and yet do not experience enlargement of the breasts, indicates that
androgens have an important effect on the response of target organs to
estrogenic stimulation.
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Conclusions

This article is not a complete review of the subject. For example all the
recent work on the estimation or urinary estrogens in normal and abnormal
pregnancy and in the new born has been omitted (see, for example refs. 31
and 32). The main aim has been to show that determinations of the amounts
of estrone, estradiol-17d and estriol excreted in the urine can, in certain
conditions, provide the clinician with valuable information. It should be
emphasized that the results of single assays performed on random samples
of urine may often be misleading. The assay methods used to obtain most
of the data reported here are too elaborate and costly for routine clinical
use; they can only be undertaken in a well equipped laboratory devoted to
the purpose. However, now that the value of these assays is established,
there is a need for simplification of the technics so that they can become
more universally available.
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I. The Natural Estrogens
Ten compounds chemically related to estrone have been isolated from

human urine and identified. These are listed in Fig. 1 in approximate
order of their polarity. At least two, and probably more, such compounds
have yet to be identified (L8, M9).

1.1. Chemical Properties

The naturally occurring estrogens have a benzenoid A ring and a
phenolic hydroxyl group at position 3. Except for the three ring D
a-ketolic estrogens and 18-hydroxyestrone, the estrogens are relatively
stable substances and can withstand boiling with dilute hydrochloric acid

Estriol

(estra-l,3,5( 10)-triene-
3,16<x,17[3-triol)

2-Methoxyestriol
(2-methoxyestra-l,3,5( 10)-

triene-3,16a,17fi-triol)

16-epi-Estriol
(estra-l,3,5( 10)-triene-

3,16p,17(3-triol)

18-Hydroxyestrone
(estra-l,3,5( 10)-triene-

3,18-diol-17-one)

M.p. °C Structural formula References
H3C ?h

280

215-218

277-280

255-257

.OH M5

.OH F4

H4, Mil

L8, L9

16|3-Hydroxyestrone
(estra-l,3,5( 10)-triene-

3,16P-diol-17-one)

219-221 B21, B27, LI

Fig. 1. Estrogens isolated from human urine (listed in approximate order of de¬
creasing polarity).
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and sodium hydroxide. On the other hand, the ring D a-ketolic estrogens
are largely destroyed during boiling with dilute acids, and hydrolysis of
their conjugates must be performed enzymically; because of the ketolic
grouping, they have reducing properties and give the blue tetrazolium
test of Mader and Buck (M4); in the Girard reaction with trimethyl-
ammonium hydrazide chloride in ethanolic acetic acid, they are stable
at room temperature but are largely destroyed at elevated temperatures
(M9). In N NaOH, 16|3-hydroxyestrone rapidly rearranges to 16-oxo-
17(3-estradiol; 16a-hydroxyestrone undergoes the same rearrangement less
rapidly, while 16-oxo-17(3-estradiol itself becomes slowly autoxidized to
marrianolic acid (M9). On treatment with alkali (N NaOH) at room

M.p. °C
16a-Hydroxyestrone Decomposes to 16-

(estra-l,3,5( 10)-triene- oxoestradiol
3,16a-diol-17-one)

Structural formula

H.c 0

References

OH
16-Oxo-17P-estradiol

(estra-l,3,5( 10)-triene-
3,17p-diol-16-one)

239-241 H5, LI, L5

17|3-Estradiol
(estra-1,3,5(10) -triene-

3,17p-diol)

178 H6

Estrone

(estra-l,3,5( 10)-triene-
3-ol-17-one)

260 B55, D9

2-Methoxyestrone
(2-methoxy-estra-l,3,5( 10)- 188-191

triene-3-ol-17-one)

F3, K5, K6, L7

Fig. 1 (continued)
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temperature, 18-hydroxyestrone is converted to 18-norestrone with the
liberation of formaldehyde (L8, L9).

Except for 2-methoxyestrone and probably 2-methoxyestriol, all the
natural estrogens produce a characteristic red color in the Kober reac¬
tion with an absorption maximum at approximately 515 m|i. The intensity
of color produced in this reaction depends on the estrogen and the sul¬
furic acid concentration. For example, the optical density produced by
18-hydroxyestrone is approximately 20% of that given by the same
weight of estriol under the same conditions (L8). 2-Methoxyestrone
gives an immediate orange-pink color on adding the reagent; this changes
to red after 20 minutes heating and to a purplish red with an absorption
maximum at approximately 550 mjx after completing the reaction (L7).

1.2. Biological Activity

The relative biological activities of the estrogens depend on the
animal and target organ used and on the injection schedule and route.
The most widely used method is that of Allen and Doisy (A5), which
measures the estrogenic activity by the induction of vaginal cornification
in oophorectomized rats or mice. By this test, 17|3-estradiol is the most
potent natural estrogen, estrone is somewhat less active, and estriol is
less active still; 16a-hydroxyestrone has approximately the same activity
as estriol, and 16-epiestriol has approximately 1/20 the activity of estriol
(Lll). 2-Methoxyestrone is a very weak estrogen with a potency less
than 1/20,000 that of 17(3-estradiol as determined by the intravaginal
method of assay (K5). No information is available concerning the bi¬
ological activities of the other estrogens.

2. The Intermediary Metabolism of the Estrogenic Hormones
2.1. Introduction

Both 17(3-estradiol and estrone have been identified in ovarian and
testicular tissue (B15, M2, M3, W5), and estrone has been isolated from
adrenal glands (B13, B14). Because of this and their high biological
activities, 17(3-estradiol and estrone have been regarded as the primary
estrogenic hormones.

Studies in which 17|3-estradiol, estrone, and estriol were administered
to human subjects showed that 17|3-estradiol and estrone are rapidly in¬
terconvertible in the body and metabolized irreversibly to estriol. When
17(3-estradiol and estrone were administered, all three estrogens were
excreted in the urine, but only a small and variable portion of the dose
could be recovered. When estriol was administered, only estriol was j
recovered in the urine (H2, PI, S2, S4, S9). Recently, considerable ad-
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varices have been made in our knowledge of the intermediary metab¬
olism of the estrogenic hormones. These have been due, firstly, to the
discovery of the newer estrogens, secondly, to the use of isotopically
labeled estrogens, and thirdly, to the development of reliable methods

t for measuring 17|3-estradiol, estrone, and estriol (the "classic" estrogens)
in human urine.

2.2. The Use of Isotopically Labeled Estrogens

Deuterium-labeled estrone has been used for the study of estrogen
metabolism in pregnant women (P2). Radioactive carbon (C14) is more
easily detected, and steroids labeled with this can be administered safely
to human subjects in doses of a few microcuries. The radioactivity from
this dose is rapidly eliminated in the urine and feces and is sufficient for
the isolation and identification of many of the steroid metabolites. How¬
ever, difficulties are encountered when measuring small amounts of
radioactivity distributed in large amounts of organic and inorganic
material. Various correction factors have been introduced for dealing
with these, and discrepancies in results obtained by various laboratories
can usually be traced to differences in the correction factors used.

A number of experiments involving the administration of C14-labeled
estrogens to patients with cancer and to healthy subjects have been re¬
ported recently (B17, B18, B27, M15, SI). These experiments have
shown that the metabolic products of 17(l-estradiol and estrone are in¬
distinguishable and that the two must therefore be rapidly intercon¬
vertible in the body, thus confirming the findings of earlier workers (B17,
B18). 17(3-Estradiol and estrone are metabolized in the liver to a variety
of products which are conjugated mainly with glucuronic acid. These
conjugates are excreted partly in the bile and partly in the urine. By
collecting all the bile through a biliary fistula, approximately 50% of
the administered radioactivity can be accounted for in the bile within
the first 12 hours, and 50% in the urine (B28, SI). The bile normally
drains into the gut, and most of the biliary estrogens are reabsorbed from
there and returned to the liver, where they are excreted again partly in
the bile and partly in the urine (B28). Eventually, in 4-6 days, 50-80%
of the administered radioactivity is eliminated in the urine and 1-18% is
found in the feces. As much as 30% of the dose may be unaccounted for
(B17, SI). This process is illustrated in Fig. 2.

Following hydrolysis of the urine with (3-glucuronidase and exhaustive
extraction with ether, 56-78% of the radioactivity in the urine was found
in the "neutral plus phenolic" fraction, 3-14% in the "acidic" fraction,
and 16-24% in the "spent" urine (B17). When the "neutral plus phe-
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nolic" fraction was further processed by countercurrent distribution and
paper chromatography, separation of the radioactivity into a number of
distinct fractions was achieved. Most of these fractions were identified

by their chromatographic behavior and by reverse isotopic dilution. Ap¬
proximate values for the relative amounts of the known estrogens found
in the "neutral plus phenolic" fraction, as judged by radioactivity meas¬
urements, are shown in Fig. 3.

The values given should be regarded as illustrative only; they vary
considerably from subject to subject, and in the same subject from day
to day following the administration of estrogen (B17). Approximately
35% of the radioactivity in the "neutral plus phenolic" fraction is still

feces \q% urine fe5%

Fig. 2. The metabolism and excretion of 17|3-estradiol and estrone (B28, B36a)

unidentified. A small amount of this will be contributed by 18-hydroxy-
estrone which was not characterized in these experiments. This indicates
that more metabolites of 17|3-estradiol and estrone have yet to be dis¬
covered. When this is done, and when procedures such as hydrolysis of
the estrogen conjugates and measurement of radioactivity in impure
solutions are improved, there is every reason to believe that all the ad¬
ministered dose will be accounted for.

2.3. Oxidative Metabolism of 17|3-Estradiol and Estrone in Man
In man, all the known estrogen metabolites are oxygenated derivatives

of 17(3-estradiol and estrone. Recently, experiments have been performed
to determine whether 17(3-estradiol or estrone is the immediate precursor
of these metabolites (F5). A mixture of tritium-labeled 17(3-estradiol
(6, 7-H3) and C14-labeled estrone (16-C14) was administered intra¬
venously to human subjects, and urine was collected at frequent intervals
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after the injection. Estrone, 17|3-estradiol, estriol, 16-epiestriol, and 2-
methoxyestrone were isolated from the urine, purified to radiochemical
purity, and the ratio of the two isotopes (C14/H3) present in each was
measured. The tritium content of the estrone isolated increased rapidly,

Administered 17(5-estradiol

100

Urine (65)

100

Feces (10) Unaccounted (25)

Neutral + Phenolic (75)

100

—• 17p-estradiol

— estrone

—• estriol

16-epiestriol

— 16a-liydroxyestrone
— 16-oxo-17f5-estradiol

— 16fj-hydroxyestrone

— 2-methoxyestrone

— 2-methoxyestriol

— unaccounted

}

Acidic (5)

5

10

30

6

7

3

3

1

35

Spent urine (20)

B17, B18

B17, B18

B17, B18

B27

B27

B27

B28

F4

Fig. 3. The excretion of estrogen metabolites in the urine (data from Gallagher
and co-workers using radioactive estradiol). All values shown are approximate only;
they vary considerably from subject to subject (B36a).
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and within 30-60 minutes its C14/H3 ratio was almost that of the mixture
of estradiol and estrone administered; on the other hand, the C14 content
of the estradiol increased slowly, and the ratio C14/H3 did not reach
that of the injection mixture until 6 hours had elapsed. Throughout the
experiment, the ratio C14/H3 found in the estriol, 16-epiestriol, and 2-
methoxyestrone was always the same as that of the estrone excreted at
the same time. This experiment shows that 17(3-estradiol is rapidly con¬
verted to estrone in the body, that the reverse process occurs at a much
slower rate, and that estrone is the immediate precursor of estriol, 16-
epiestriol, and 2-methoxyestrone. In fact, the experimentors concluded
that while 17|3-estradiol may be the hormone produced by the ovaries,
its conversion to estrone is so rapid that the peripheral hormone action
must be effected largely through estrone which has often been con¬
sidered to be a metabolite of estradiol rather than the primary hormone.

Following the administration of 16a-hydroxyestrone to human sub¬
jects, approximately 40% of the dose was recovered in the urine as
estriol. No conversion to 17|3-estradiol or estrone could be detected
(B39). When 16-C14-labeled estriol was administered, small amounts of
radioactivity were detected in the 16-oxoestradiol and 16-epiestriol sub¬
sequently isolated from the urine but not in the 16a-hydroxyestrone.
This indicates that estriol can be oxidized at C-16 to 16-oxo-17|3-estradiol
and that this can then be reduced to 16-epiestriol (L6). Nevertheless,
the main pathway to 16-epiestriol is probably through reduction of
16(l-hydroxyestrone (M9).

The present position regarding the biosynthesis of the estrogen metab¬
olites is summarized in Fig. 4 (F5, M9).
2.4. The Relationship between Urinary 17|3-Estradiol, Estrone, and

Estriol, and the Amounts of the Primary Hormones Produced
in the Body

The results discussed in the foregoing sections were obtained mainly
by the use of isotopically labeled estrogens. Methods have not yet been
devised for measuring all these urinary estrogens when they are derived
from endogenous sources, and such a method is likely to be extremely
complicated and laborious. However, reliable chemical methods, suit¬
able for day to day routine use, are available for measuring three of the
urinary estrogens, 17|3-estradiol, estrone, and estriol. The main reason
for estimating urinary estrogens in clinical studies is that this is the only
method at present available for assessing the amounts of the estrogenic <
hormone produced in the body. The evidence that clinical signs of j
estrogenic activity do correlate with the amounts of estrogens excreted
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in the urine will be considered in Section 4. The relationship between
urinary estrogens and the primary hormone can be investigated by ad¬
ministering known amounts of estrogens to human subjects and meas¬
uring the amounts of estrogens excreted in the urine. In this type of
experiment the assumption is made that parenterally administered
estrogens are metabolized and excreted in exactly the same manner as
endogenous estrogens. The amounts of the various estrogens found in the
urine following the administration of C14-labeled 17(3-estradiol are given
in Fig. 3. Calculated in terms of the administered dose, approximately
3% was recovered as 17|3-estradiol, 5% as estrone, and 15% as estriol, or
23% as the sum of all three. Similar figures can be obtained by using one
of the purely chemical methods for measuring urinary excretion follow-

Estradiol Estrone ^ 2-Methoxyestrone

/ \
16a-hydroxyestrone 16fS-Hydroxyestrone

1 1» *
Estriol 16-epi-Estriol

16-Oxo-17(5-estradiol
Fig. 4. The metabolism of 17|3-estradiol. Reactions known to occur >;

postulated reactions » (F5, M9).

ing the administration of unlabeled 17|3-estradiol or estrone (BIO, B35,
B36). For example, small doses of 1-2 mg of 17(3-estradiol and estrone
were administered by intramuscular injection to 2 healthy men, 2 young
women with amenorrhea and 2 postmenopausal women. When correction
was made for losses occurring in the assay method, the three estrogens
together accounted for 13-35% (mean 23%) of the administered dose of
17|3-estradiol and 15-38% (mean 22%) of the administered dose of
estrone (B35). The range of recovery values is therefore considerable.
However, a very approximate figure for the amounts of 17p-estradiol
and/or estrone produced per 24 hours in the body can be estimated by
multiplying the sum total of 17|3-estradiol, estrone, and estriol excreted
in the urine per 24 hours by a factor of 5. The relative amounts of the
three estrogens excreted in the urine by the six individuals following the
injections were recorded and also the corresponding figures obtained
from eight women for the excretion of endogenous estrogens during the
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follicular and luteal phases of their menstrual cycles (B35). The results
are summarized in Table 1.

TABLE 1®
Relative Proportions of 17|3-Estradiol, Estrone, and Estriol Excreted in

Urine

A. After Intramuscular Injection of 17^-Estradiol, Estrone, and Estriol
Amounts of individual estrogens excreted as

Estrogen injected percentages of "total" estrogen6 excreted"
17p-Estradiol 17p-Estradiol 15 ± 4

Estrone 41 ± 8
Estriol 44 ± 11

Estrone 17P-Estradiol 10 ± 3
Estrone 44 ± 6
Estriol 46 ± 8

Estriol 17fj-Estradiol 0
Estrone 0
Estriol 100

B. During Ovulatory and Luteal Phases of Menstrual Cycle
Phase of men¬ Amounts of individual estrogens excreted as
strual cycle percentages of "total" estrogen6 excreted4

Ovulatory phase 17P-EstradioI 15 ± 5
Estrone 40 ± 8
Estriol 45± 12

Luteal phase 17p-Estradiol 14 ± 4
Estrone 38 ± 8
Estriol 48 ± 11

a From Brown (B35).
6 "Total" estrogen = 17p-estradiol -f- estrone + estriol.
0 Mean ± SD (standard deviation) for 6 subjects in Section (A).
d Mean ± SD for 8 subjects in Section (B).

Following the administration of 1713-estradiol and estrone, the mean
ratio of 17(3-estradiol to estrone to estriol in the urine was 13:42:45. This
was practically the same as that for endogenous estrogens excreted
during the follicular and luteal phases of the menstrual cycle. In con¬
trast, the administration of estriol led to the excretion of estriol only in
the urine, the amount recovered being approximately 80% of that ad¬
ministered.

These findings support the belief that the human ovary secretes 17(3-
estradiol or estrone, or a mixture of both, but not significant amounts of
estriol.

In another series of experiments involving 33 postmenopausal women,
the relative amounts of 17[3-estradiol, estrone, and estriol excreted in the
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urine from endogenous sources were compared with those excreted fol¬
lowing the administration of 17|3-estradiol (2.5mg) to the same indi¬
viduals. Although many of the results obtained for the excretion of
endogenous estrogens were at the lower limits of reliability of the assay
method used and were therefore not highly accurate, satisfactory agree¬
ment was obtained between the endogenous and exogenous ratios. For
example, the correlation coefficient r was 0.79 for estriol and 0.83 for
estrone (B36). These results indicate that small doses of parenterally
administered 17|3-estradiol are metabolized in the same manner as the
endogenous hormone.

3. Methods for Measuring Estrogens in Human Urine
3.1. Introduction

Procedures for measuring estrogens in urine can be divided into 3
main steps: (a) hydrolysis of the estrogen conjugates in urine to the free
estrogens; (b) extraction, purification, and separation of the various
estrogen fractions; and (c) detection and measurement.

These steps will be dealt with in the reverse order, since this is the
natural sequence in which an analytical procedure is developed. Fur¬
thermore, this section will deal almost entirely with the estimation of
17(3-estradiol, estrone, and estriol. Satisfactory methods have not yet been
developed for the measurement of the newer estrogens.

3.2. Methods of Detection and Measurement

3.2.1. Biological Methods
Biological methods for estimating estrogens in urine have the ad¬

vantage of specificity in the presence of large amounts of impurities, but
many difficulties arise in practice (D3, Lll). Separation of each estrogen
in a relatively pure form is necessary, and large numbers of animals are
required to attain a reasonable degree of precision. When the urine con¬
tains small amounts of estrogens, large volumes require processing to
obtain sufficient material for the assay. Such methods are extremely la¬
borious and their main use is in testing the specificity of the newer
chemical methods which have superseded them. However, a considerable
amount of useful information has been obtained in the past by the use
of less exacting semiquantitative biological methods.
3.2.2. Fluorimetric and Colorimetric Methods

The estrogens form an orange-yellow color with an intense greenish
fluorescence when heated with concentrated sulfuric acid (M6, W6).
This reaction is the basis of the fluorimetric method for estimating estro-
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gens. When this fluorescent solution is diluted with water and heated
again, the color changes to red, also with a greenish fluorescence (K3).
This reaction, which is known as the Kober reaction, is remarkably
specific for the natural estrogens and is widely used for their colorimetric
measurement.

3.2.2.1. Fliiorimetric Methods. Several substances other than sulfuric
acid produce a fluorescence with the estrogens. Phosphoric acid has been
used, and while it gives lower intensities of fluorescence, less interference
by impurities is claimed (B23, Fl, F2, W2).

However, sulfuric acid is the most commonly used, and the conditions
for optimum production of fluorescence have been investigated by a
number of workers (A2, Bl, B2, B3, B30, Dl, Jl, J2, S3, W7).

The intensity of fluorescence depends on many variables, such as the
agent used (sulfuric acid or phosphoric acid), the heating time and
temperature, the amount of water added, and the presence or absence
of solvents. Oxidizing and reducing agents, which have been added
deliberately or occur as chance impurities in reagents, solvent residues,
and urinary extracts, also have a marked effect on the development of
fluorescence. The amount of water present influences the optimum wave¬
length of the incident light and the spectral characteristics of the emitted
light, and these govern the light filter systems best suited for fluorimetry.
Any conversion to the red Kober color diminishes the intensity of fluo¬
rescence. Furthermore, the urinary extracts at present available contain
impurities which, on treatment with sulfuric acid or phosphoric acid,
either fluoresce themselves or produce yellow colors which absorb the
fluorescent light emitted by the estrogen. Because of this, fluorimetric
methods for estimating estrogens in nonpregnancy urine depend for
specificity very much on the behavior of the fluorescence-producing
material during column chromatography or countercurrent distribution.
This procedure, which involves the analysis of large numbers of fractions
and is therefore very laborious, also dilutes the yellow colors to such an
extent that their effect can usually be disregarded.

The great sensitivity of the fluorescence reaction makes it an attractive
method for measuring small amounts of estrogens in body fluids, but a
thorough reinvestigation of the reaction is still required before condi¬
tions giving complete stability and reproducibility can be selected.

3.2.2.2. Colorimetric Methods. The color method as devised by Kober
(K3) was performed in three stages: the first being the formation of the
orange-yellow fluorescing color; the second, the conversion of this to the
red color; and the third, the dilution of this for colorimetry. Phenol was
added to the sulfuric acid to quench the fluorescence and enhance the
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red color. This method did not give stable and reproducible colors, and
many changes in the type of phenol, time and temperature of heating,
and acid concentration were introduced (C3, C4, K4, S12, V2).

These modifications were largely unsuccessful, either when applied to
"pure" solutions or to urinary extracts. The Kober reaction was therefore
reinvestigated (B29, B30), and the following requirements were found
for the maximum production of the red color. Water as well as sulfuric
acid is required in the first stage of the reaction, the proportions de¬
pending on the heating time and temperature. When a heating time of
20 minutes in a boiling water bath is selected, the optimal concentration
of sulfuric acid in the mixture is 60% (v/v) for lTp-estradiol, 66% for
estrone, and 76% for estriol. Reducing agents with a narrowly defined
reduction potential are required in both the first and second stages of
the reaction. This requirement was met in most methods by a phenol
(which also contributed water by reaction with the sulfuric acid). The
most satisfactory reducing agent was found to be quinol in a concentra¬
tion of 2%. With reagents prepared with quinol and the above sulfuric
acid concentrations, considerable conversion to the red color occurs

during the first heating. Complete conversion is achieved by adding
water and reheating. This change is incomplete if insufficient water is
added, and fading occurs if too much water is added. The optimal sul¬
furic acid concentration for the conversion is 50-60% (v/v) depending
on the reducing agent. The more "poised" the oxidation-reduction sys¬
tem, the less critical the sulfuric acid concentration. A heating time of
5 minutes was selected, but under these conditions this can be varied
within wide limits. In earlier modifications of the Kober reaction, too
much water was added for the second stage, and this, by causing fading
during color development, was a major factor in the instability of the
reaction.

A color reaction based on these findings gave reliable results for
17(5-estradiol and estrone, but impurities in urinary extracts and solvents
still interfered to a certain extent in the production of color with
estriol. This is overcome by adding fresh quinol immediately before
performing the first stage of the reaction (B5). Apparently the quinol
in the estriol reagent is sulfonated by the higher concentration of sul¬
furic acid present, and its reducing properties are diminished.

Differences occur in the quality of the sulfuric acid-quinol reagents
produced by different brands of sulfuric acid. The product of British
Drug Houses Ltd. gives satisfactory reagents which are light pink to
yellow in color (B32). To obtain similar results from some other brands
of sulfuric acid, the addition of traces of quinone and nitrate may be
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necessary (B5). The product of the German firm, Merck, produces color¬
less reagents which give low optical densities in the Kober reaction.
These are not improved by the addition of oxidizing agents but are
rectified by using more water in the second stage of the reaction (N3).
Therefore, all factors in the Kober reaction have not yet been stabilized.
This can be explained on the basis that the formation of the red color
in the second stage and its further conversion to colorless products are
both due to oxidation (B30). Because of this, a narrowly defined oxi¬
dation-reduction potential is required for maximum formation of the
red color. The quinol-quinhydrone couple present in the colored Kober
reagents approaches but does not reach this optimum potential since
reagents containing the ferrous-ferric couple can give even higher color
densities (B30). However the "poising" ability of the ferrous-ferric
couple is limited by its lack of solubility in concentrated sulfuric acid,
and traces of oxidizing or reducing impurities have a marked effect on
the density of color produced. Of all the reducing agents investigated,
quinol has been the most satisfactory, although its oxidation products
are highly colored and these restrict its use to a narrow and poorly
"buffered" section of its oxidation-reduction curve.

Many impurities in urine extracts produce yellow-brown colors in the
Kober reaction. Correction for these has been made (a) by measuring
the optical density before and after decolorizing the estrogen color with
hydrogen peroxide (C4), acetone (J3), or dilution and prolonged heat¬
ing (S6), conditions which have little effect on the interfering color;
(b) by measuring the optical densities at two wavelengths (S8, V2);
or (c) by the spectrophotometry method of Allen (A6). The method of
Allen has been found the most useful, not only for correcting for Kober-
chromogenic impurities in urinary extracts but also for variations in the
amounts of oxidized quinol formed in the Kober reaction. For this reason
it has been incorporated as an essential part of modern Kober color
methods. This correction depends on the assumption that the wave¬
length-absorption curves of the colors due to impurities are linear in
the portion of the spectrum occupied by the absorption maximum of
the Kober red color. This is true for oxidized quinol. That it is also
true within limits for the impurities found in urinary extracts prepared
by certain assay methods will be discussed in the section dealing with
the reliability of these methods.

Recently Ittrich (II) has introduced an ingenious method for over¬
coming the contribution of the yellow-brown colors formed in the
Kober reaction. The products of the second stage are diluted with water
to an acid concentration of 20-30% and shaken in the cold with a



natural estrogens 171

solution of 2% p-nitrophenol in chloroform. The red color is extracted
by the chloroform layer, its absorption maximum increasing in height
and sharpness and shifting from 518 to 539 mp, while the yellow-brown
colors remain in the acid layer. The color complex in the chloroform
can be measured colorimetrically: it emits an intense yellowish-green
fluorescence when excited with visible light and can also be measured
fluorimetrically. This fluorescence reaction appears to be highly specific
for the natural estrogens and should have many useful applications.
The purification achieved by extracting the Kober color in this way is
such that Ittrich was able to estimate estrogens in pregnancy urine by
performing the reaction directly on the urine, and in menstrual cycle
urine after the most cursory of purification procedures.

3.3. Methods of Extraction and Purification of Estrogen
Fractions from Hydrolyzed Urine

3.3.1. Extraction of the Phenolic Fraction
The estrogens are phenols, and most methods for extracting them

depend on this property. The design of extraction procedures must allow
for the considerable differences in polarity of estriol, the most hy-
drophilic of the three estrogens, and estrone, the least hydrophilic.
Thus a relatively polar solvent such as ether is required for the extrac¬
tion of estriol from aqueous solutions, and a change to a less polar
solvent such as benzene is required for the extraction of estrone with
alkali. These differences are utilized for the separation of estriol from
estrone and 17|3-estradiol.

The phenolic fraction is separated from the acidic fraction by par¬
tition between organic solvents and sodium carbonate solutions. To
avoid loss of estriol in this partition, earlier workers used saturated
sodium bicarbonate as the aqueous phase (pH, approximately 8.0).
Later workers found that solutions of pH 9-9.5 can be used and that
the higher pH is more effective in removing acidic impurities (E2, E3).
The pH of the solution can be further increased to 10.5 provided the
ionic concentration is also increased, and this is even more effective in
removing the acidic fraction (B32). Urine extracts contain substances
which are converted to brown pigments on exposure to alkali, and
these are not extractable with ether at pH's above 8 (B4, B7). These
substances were eliminated in some of the earlier procedures in which
the acidic plus phenolic fractions were extracted from an organic
solvent with alkali, the alkali extract was partly neutralized to pH 9-9.5
with acid or by saturating with C02, and the phenolic fraction was
re-extracted with ether (C4, E2, E3). They are also eliminated together
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with the acidic fraction in the following simpler procedure. The ether
extract of hydrolyzed urine is extracted with a concentrated sodium
carbonate-bicarbonate solution of pH 10.5 which is discarded. It is
then shaken thoroughly with 2 N sodium hydroxide; this is not dis¬
carded, but its pH is reduced to 10, and its ionic concentration is
increased by adding sodium bicarbonate. It is then shaken again with
the ether layer; the aqueous layer containing the brown pigments is
discarded, and the estrogens are recovered quantitatively in the ether
layer (B8, B31, B32). This procedure is now used in a number of
assay methods and will be referred to as the "alkali treatment plus car¬
bonate washes of pH 10-10.5." Further alkali treatment of the phenolic
fraction by boiling with normal sodium hydroxide converts more of the
urinary contaminants to products which are not extractable from aqueous
solutions at pH 9-10 (B8). This additional treatment, which causes no
loss of estrogens, is usually performed at a later stage of a method. It
will be referred to as the "saponification step." These purification proce¬
dures involving treatment with strong alkalies are of course not applicable
to the newer estrogens, such as the ketols, which are unstable in alka¬
line solutions.

Following the removal of the acidic fraction, the ether is usually
evaporated, the residue is taken up in benzene or toluene, and the phe¬
nolic fraction is extracted from this with alkali. The neutral fraction
remains in the organic solvent layer. Estriol may be extracted separately
at this stage with water, and the estrone and 17P-estradiol may then be
extracted with alkali. The partition coefficients on which all these pro¬
cedures are based are reviewed elsewhere (B9).
3.3.2. Separation and Further Purification of the Estrogens in the Phe¬

nolic Fraction

Further treatment of the phenolic fraction by chromatography or
countercurrent distribution is necessary to separate the estrogens from
one another and to purify them sufficiently for colorimetric or fluorimetric
analysis. These procedures also contribute considerably to the specificity
of the estimation. The following methods have been employed for this
purpose: adsorption chromatography on columns of alumina (B32, El,
H2, H3, S7) and silica gel (K7), ion exchange chromatography (A8,
B4), countercurrent distribution (E2, E3, M14), column partition chro¬
matography (A3, B6, B7, B8, B24, Sll), and paper chromatography
(A7, A8, B27, M16, M17). Space does not permit the details and relative
merits of these procedures to be discussed here. They all require great
care in their performance and rigid standardization of conditions. They
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constitute the greatest obstacle to the routine estimation of urinary
estrogens in the clinical laboratory.

3.4. Hydrolysis of Estrogen Conjugates in Urine

Estrogens are excreted in the form of water-soluble conjugates, chief
of which are the glucuronides and the sulfates. Hydrolysis of these to
the free estrogens is a necessary preliminary to their extraction and esti¬
mation. Since all the conjugated forms are not known, model experi¬
ments cannot be performed with the pure compounds to determine
optimum hydrolysis conditions. All that can be done is to search for
conditions which give the highest yields of free estrogens from urine.

Two basic methods are used for hydrolyzing estrogen conjugates:
(J) heating with mineral acids, and (2) treatment with the enzymes
^-glucuronidase and phenol sulfatase.
3.4.1. Acid Hydrolysis

The yields depend on a number of variables which include acid con¬
centration, heating time, and temperature. There has been considerable
confusion concerning the optimum conditions, since loss of estrogens
occurs at the same time as hydrolysis. Marrian and Bauld (M10), re¬
viewing the literature, recommended boiling the urine (100 vol) under
reflux for one hour with concentrated hydrochloric acid (15 vol). They
also recommended the addition of a mild reducing agent, such as amino-
naphtholsulfonic acid, since the evidence at that time indicated that
the loss of estrogens was due to oxidation during the acid hydrolysis.
A more recent reinvestigation of the problem (B37) has shown that
the factor responsible for the loss of estrogens is an unidentified normal
constituent of urine which has this effect under the conditions required
for hydrolysis of the conjugates with acids. The only method found for
preventing this loss was dilution of the urine with at least 5 times its
volume of water before hydrolysis. Except for pregnancy urine, this is
not a practical method, and at present the losses are accepted as part
of the disadvantages of this procedure. For estrone and estriol, these
losses amount to approximately 20% of the estrogen present when the
24-hr urine volume is 1200 ml and decrease with increasing urine volume,
being approximately 10% when the 24-hr volume is 2000 ml. The same
applies to 17|3-estradiol at levels above 3 jig per 24-hr urine; below this
the loss may be complete. The conditions of acid concentration and heat¬
ing time recommended by Marrian and Bauld (M10) are not optimal
for all urines but are the best compromise available. Acid hydrolysis
gives satisfactory results for 17|3-estradioI, estrone, and estriol but is
not applicable to many of the newer estrogens.
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3.4.2. Enzymatic Hydrolysis
The milder conditions involved in enzymatic hydrolysis make it the

method of choice, especially for the less stable estrogens. However,
certain difficulties are encountered when it is used in methods for the
routine estimation of urinary estrogens. Urine contains variable amounts
of inhibitors (of both ^-glucuronidase and phenolsulfatase) which appear
to be sulfhydryl-blocking agents (Al, B37, D8, Kl). The addition of
cysteine, Versene, or NaHS has been suggested to neutralize these in¬
hibitors, but it is doubtful whether these agents are as effective as in¬
creasing the concentration of enzyme. Furthermore, obstinate emulsions
are sometimes encountered when processing enzyme-hydrolyzed urine,
and these may lead to low yields of estrogens. Since impurities in the
enzyme seem to aggravate emulsion formation, these disadvantages might
be overcome by more highly purified enzyme preparations.

Enzymes prepared from various sources apparently hydrolyze estrogen
conjugates with different efficiencies. For example 25 Fishman units/ml
of bacterial (3-glucuronidase (Sigma) were claimed to give maximum
yields of estrogens from urine in 4 hours (Kl), while 300 units/ml for
120 hours were required for calf-spleen glucuronidase (ketodase) (B17,
B18) and 600 units/ml for 96-120 hours for the enzymes obtained from
the mollusc Patella vulgata (B37). Even with large amounts of calf-
spleen and mollusc enzymes, hydrolysis of all estrogen conjugates is
no more than 70-85% complete as judged by experiments on urines from
subjects receiving C14-labeled estrogens (B17, B18, Gl).

A detailed comparison of results obtained by acid and enzymatic
hydrolysis, using optimum conditions for both, has recently been reported
(B37). In a large series of urines from nonpregnant individuals, the
mean percentage ratios of acid hydrolysis to enzymatic hydrolysis with
their standard deviations were 72 ± 12 for 17(3-estradiol, 83 ± 10 for
estrone, and 91 ± 10 for estriol. This agreement between the two funda¬
mentally different methods of hydrolysis was taken as being good evi¬
dence that no unknown major error exists in either method, as far as
17|3-estradiol, estrone, and estriol are concerned, and that the values
obtained by enzymatic hydrolysis are very nearly the true ones.

3.5. Methods for the Estimation of 17|3-Estradiol, Estrone, and
Estriol in Human Urine

A number of satisfactory methods for estimating 17|3-estradiol, estrone,
and estriol in human urine have been developed in recent years. Each
of these methods will be considered in outline, and the methods devel-
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oped by the author will be described fully in the light of experience
gained through their use in a number of laboratories.
3.5.1. The Method of Brown (B32) with Later Modifications (B38, B41)

Method A. The main steps in this method are (1) acid hydrolysis,
(2) ether extraction, (3) "alkali treatment plus carbonate washes of pH
10-10.5" (see Section 3.3.1), (4) partition between benzene-light pe¬
troleum and water (estriol) or NaOH (estrone and estradiol), (5)
methylation with dimethyl sulfate, (6) oxidative treatment with H202
in alkaline solution, (7) extraction of the methylated estrogens, (8)
chromatography on alumina columns, (9) colorimetric measurement
using the Kober reaction, (10) spectrophotometry correction for inter¬
fering chromogenic material.

This method has proved satisfactory for the measurement of estradiol,
estrone, and estriol in the urine of healthy individuals not receiving
medication of any kind. However, the taking of certain drugs can lead
to the excretion in the urine of substances which interfere in the analysis.
These include cortisone whether administered or derived from excessive
adrenal activity; the tranquillizer meprobamate, the aperients phenol-
phthalein, senna, and cascara; and the synthetic estrogens stilbestrol and
ethinylestradiol (B40, B41). Caution is therefore necessary when dealing
with urines from patients because the disease or treatment may give rise
to interference in the estimation. Many of the drugs can be discontinued
without detriment to the patient. Cortisone is a notable exception, since it
is necessary in relatively large doses for the maintenance of adrenalec-
tomized patients. Furthermore, the method cannot be applied to enzyme-
hydrolyzed urine since the estriol fractions contain substances which
interfere in the estimation.

Because of this interference, a modification of the method (Method
B) was introduced (B41).

Method B. Steps (l)-(4) are the same as in Method A except that
either acid or enzymatic hydrolysis may be employed. The further steps
are: (5) the estriol fraction in water and the estrone-estradiol fraction in
NaOH are saponified by boiling with N NaOH for 30 minutes; (6) the
pH is reduced to 10 with NaHC03, the estriol is extracted with ether,
the estrone and estradiol are extracted with benzene, and light petroleum
is added to the benzene extract; (7) the estriol is extracted from the
ether and the estrone-estradiol from the benzene-light petroleum with
NaOH; (8) methylation; steps (9)-(13) are the same as (6)-(10) of
Method A.

These additional steps reduce the amounts of Kober chromogenic im-
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purities in the final fraction by approximately one half, eliminate inter¬
ference by cortisone and related compounds, and diminish interference
by other drugs. Greater confidence can therefore be placed in the
results obtained, and for this reason the modified method is preferable
for urines containing small amounts of estrogens such as those from
postmenopausal women; it is obligatory for urines from patients receiv¬
ing cortisone or patients excreting abnormal amounts of neutral steroids.
Interference is still encountered from certain drugs, and the limits of
reliability of the method are reached with many urines from patients
who have been adrenalectomized or hypophysectomized and who are
excreting very small or zero amounts of estrogens. A further modification
(Method C) has been introduced for these urines. This modification,
however, measures estrone only (B38).

Method C. This method incorporates a purification step for estrone
involving separation of the Girard T complex. This is performed after
step (3) in Method B. Steps (l)-(3) are the same as in Method B;
(4) evaporation of the ether, formation of the Girard complex, removal
of the nonketonic fraction, hydrolysis of the Girard complex and extrac¬
tion with benzene; (5) partition of the estrone between benzene-light
petroleum and NaOH; (6) saponification, methylation, etc., as in Method
B.

The estrone fraction obtained by this method contains approximately
one-fifth the Kober chromogenic impurities obtained by Method B and
one-tenth those obtained by Method A. The sensitivity of the estimation
can therefore be increased by processing larger volumes of urine and
performing the Kober reaction in smaller volumes of reagents. The
reliability of this method, chiefly because of the purification achieved,
appears to be as good at 0.3 pg estrone/24-hr urine as Methods A and B
are at 3 pg/24 hr. Interference by drugs has not yet been noted.

The reliability of Methods A and B has been tested in a number of
laboratories (B32, B38, B40, B41, B46, B51, B54, D2, D5, D7, G2, M7,
M8) with the following results.

1. Accuracy. The over-all accuracy of a method for estimating
estrogens cannot be checked because of the unknown nature of some of
the estrogen conjugates. However, the accuracy of the procedures fol¬
lowing hydrolysis, as determined by the recovery of added estrogens is
70-95% (B32, B40, B41, D5).

2. Precision and sensitivity. An estimate "s" of the precision of a
method is obtained by performing repeated analyses on the same urine
sample and calculating the standard deviation of the results, or alterna-
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tively from the differences between the two results of duplicate de¬
terminations performed on a large series of urines (S5). Values for "s"
depend on the estrogen concentration being measured. Within the range
0-4.9 pg/24 hr, "s" for 17|3-estradiol is 0.33, for estrone 0.35, and for
estriol 0.46 pg/24 hr, and within the range 5-40 ug/24 hr, the values are
0.45, 0.37, and 0.60 pg/24 hr, respectively (B40). These figures refer to
the inherent variability of the method when performed by skilled tech¬
nicians. The fiducial range or the maximum percentage error of a de¬
termination can be calculated from "s." Alternatively, "s" can be used
to calculate the sensitivity of a method. For example, the smallest amount
of estrogen which can be measured by the method with an accuracy of
± 25% (P = 0.01) is, with a single determination estradiol 3.4, estrone
3.6, and estriol 4.7 pg/24 hr and with a duplicate determination 2.4, 2.5,
and 3.3 pg/24 hr, respectively. If this is taken as the maximum permissible
error of a determination, then these values become the limits of sensitivity
of the method (B40).

3. Specificity. A considerable amount of evidence has been accumu¬
lated to show that when the methods are applied to the urine of
individuals who are not receiving medication and who are excreting
more than 2.5-3.0 pg of each estrogen, the results do in fact represent
the estrogen being measured. This evidence has of necessity been as
extensive as possible, since the estrogen fractions obtained by both
methods contain considerable amounts of chromogenic impurities which
may not be allowed for completely by the spectrophotometry correction
used. The evidence is based on the following: (I) the purification pro¬
cedures employed in the method, the fact that the substances measured
behave chromatographically on the alumina columns in the same way as
the pure estrogen methyl ethers, and the high specificity of the Kober
reaction (B32); (2) the agreement between the results obtained using
Method A and those obtained using the very different chemical method
of Bauld (M7); (3) equivalence between the partition coefficients of
the substances measured as estrogen methyl ethers and those of the purs
compounds as determined by countercurrent distribution (D2); (4)
agreement with the results obtained by bioassay (B46, B51, B54); (5)
agreement with the results obtained by reverse isotopic dilution (G2);
(6) comparison with results obtained by more refined methods, which
at present has been possible for estrone only (B38).

Since the purified estrogen fractions are methylated and therefore
not suitable for bioassay, the following procedure was used for the
comparison of methods [(4) above]. The phenolic fraction was extracted
from a specimen of hydrolyzed urine, and its estradiol, estrone, and
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estriol content was measured by Methods A or B. A standard solution
containing the same amounts of the pure estrogens was prepared, and its
estrogenic content was compared with that of the phenolic fraction. The
activities of the two were not statistically different for urine from normal
individuals, indicating that Methods A and B were giving the correct
answers. However, discrepancies were noted when the urine was ob¬
tained from patients receiving cortisone and was processed according
to Method A. These disappeared when Method B was used (B51).

In the comparison with reverse isotope dilution [(5) above], urine
extracts containing the metabolites of administered 16-C14-17|3-estradiol
were analyzed for 17|3-estradiol, estrone, and estriol by the following
methods: (a) reverse isotopic dilution, (b) determination of the radio¬
activity content of the peak tubes after countercurrent distribution, (c)
Methods A or B, (d) determination of the radioactivity content of the
estrogen methyl ether fractions obtained by the Methods A or B. Satis¬
factory agreement among all these analyses was obtained. Since the
results obtained by reverse isotopic dilution are unobjectionable on
theoretical grounds, it follows that the other methods also give correct
results under the conditions tested.

3.5.2. The Method of Bauld (B8)
The main steps in this method are: (J) acid hydrolysis; (2) ether

extraction; (3) "alkali treatment plus carbonate washes of pH 10-10.5"
(see Section 3.3.1); (4) partition between benzene (estrone-estradiol)
and water (estriol); (5) the estriol fraction is "saponified," re-extracted
with ether at pH 9.3-9.5, and further purified on a partition chromato-
gram using Celite as the supporting medium, 70% aqueous methanol
as the stationary phase, and ethylene dichloride as the mobile phase;
(6) the neutral fraction plus phenolic fraction containing the estrone-
estradiol in benzene is evaporated and transferred to a partition column
using Celite as the supporting medium and 0.8 N NaOH as the stationary
phase, the mobile phase being firstly benzene, which elutes the neutral
fraction and then the estrone fraction, and secondly a 3:1 (v/v) mixture
of ethylene dichloride-benzene, which elutes the estradiol fraction; (7)
the separated estrone and estradiol fractions are saponified and extracted
with benzene; (8) colorimetric measurement using the Kober reaction,
(9) spectrophotometric correction for interfering chromogenic material.

Modifications of this method for pregnancy urine and for the rapid
measurement of estrone have been described together with a list of
possible sources of error which may arise in the estimation (B9). The
reliability of Bauld's method has been assessed as follows.
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1. Accuracy as determined by the recovery of estrogens added after
hydrolysis is 80-90% (B8, M8).

2. Estimates of the precision of the method, calculated from a large
number of duplicate determinations, give a figure for "s" of approximately
0.53 ug/24 hr when the urine contains less than 5 |ig of each estrogen
per 24 hours. Using this figure for "s," the smallest amount of each
estrogen which can be measured with an error of not more than 20-25%
(P — 0.05) is calculated to be approximately 3 pg/24 hr (B9, M8).

3. Specificity. Evidence for the specificity of the method is based on
the behavior of the urinary estrogen fractions during partition chroma¬
tography and on the high specificity of the Kober reaction. The method
gives practically the same results as Brown's method on the same urine
specimens (M7). Therefore all the evidence accumulated for the speci¬
ficity of Brown's method and its modifications is applicable also to
Bauld's method.

4. Practicability. As with Brown's method, the method should be
used only in a specially equipped and staffed laboratory. A team of two
skilled technicians can analyze 10 urine samples in duplicate per week.
3.5.3. The Method of Preedy and Aitken (A3)

This method is a development of the procedure described by Engel
and co-workers (E2, E3). The main steps in the method are: (I)
acid hydrolysis; (2) ether extraction; (3) extraction of the ether with
saturated NaHC03, followed by evaporation; (4) partition between
toluene and N NaOH, (5) neutralization of the NaOH to pH 9 =fc 0.5
and extraction with ether; (6) partition chromatography on Celite
columns, the stationary phase being 72% methanol and the mobile
phases, 20% carbon tetrachloride and 80% light petroleum (b.p. 40-60°)
for eluting the estrone, 13% carbon tetrachloride, 16% chloroform, and
71% fight petroleum for eluting the estradiol, and 48% chloroform and
52% light petroleum for eluting the estriol, the eluates being collected in
0.5-ml fractions; (7) evaporation and fluorimetric analysis of each
fraction; (8) the fluorescence intensity is plotted against the fraction
number, and the estrogens are located by referring to a plot of pure
estrogens put through the same procedure.

The reliability of the method has been assessed as follows.
1. Accuracy as determined by recovery experiments is approximately

80%.
2. Precision. No figures have been published.
3. Specificity. A high degree of specificity is achieved by the fractional

elution method employed.
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3.6. The Method of Brown and Its Modifications in Detail

Materials. Diethyl ether (Note l),1 light petroleum (b.p. 40-60° C)
and benzene (Note 2) are "chemically pure" and redistilled sometime
before use.

Ethanol (absolute) is refluxed with NaOH pellets to remove aldehydes
and twice distilled.

Dimethyl sulfate (Note 3).
Boric acid powder.
NaOH and NaHC03 solutions are prepared on a w/v basis, using

pure chemicals. Concentrated carbonate solution of pH 10.5 is prepared
by adding 20% NaOH (150 ml) to 8% NaHC03 (1000 ml).

Alumina for chromatography is deactivated with water as described
later (Section 3.6.4).

Color reagents are 2% solutions of quinol in 76% and 66% (v/v)
sulfuric acid for estriol and estrone, respectively, and a 1.5% solution
of quinol in 60% (v/v) sulfuric acid for estradiol. The sulfuric acid and
water are mixed, cooled, and made up to volume, and the quinol is then
dissolved in the mixture by warming. The reagents are kept at least 24
hours before use and stored at room temperature in the dark. They are
discarded if they become cloudy. The estriol reagent is usually light
yellow, and the estrone and estradiol reagents are light pink in color
(Note 4).

Standard solutions of pure estradiol, estrone, and estriol and also of
their methyl ethers are prepared in ethanol (5-10 mg/lOOml) and are
stored at 4° C, where they are stable indefinitely. Working standard
solutions for the construction of calibration curves and for recovery
experiments are prepared from these and contain 10 pg/ml. The diluted
standards are also stable for a considerable period of time.

Apparatus. Glassware is rinsed after use with tap water and then
distilled water, unless visibly dirty, when it is cleaned by (a) steeping
in a chromic acid-sulfuric acid mixture, (b) washing well with tap
water, (c) soaking in an acid sulfite solution (Na2S03 approximately
0.2% acidified with H2S04) to destroy traces of chromic acid which
would otherwise be a harmful contaminant in the method, and (cl) rins¬
ing thoroughly with tap water, then distilled water. The apparatus is
then dried.

3.6.1. Methods A and B

Twenty-four-hour specimens of urine are collected without preserva¬
tive and stored at 4° C. Estimations are performed within a week of

1 For explanatory notes, see Section 3.6.5.
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collection (Note 5). The volume of each specimen is measured and, if
less than 1200 ml, is diluted to this volume with distilled water. Four
samples are analyzed at one time (Note 6).

Hydrolysis and extraction. Urine (200 ml) is heated to boiling in a
500-ml round-bottomed flask under a reflux condenser. Concentrated
HC1 (30 ml) is added through the condenser, and boiling is continued
for 60 minutes (Note 7). After cooling under running tap water, the
hydrolyzed urine is transferred to a 500-ml separating funnel and ex¬
tracted once with 200ml and twice with 100ml volumes of ether (Note
8). The ether extracts are combined in another 500-ml separating funnel
and shaken with concentrated carbonate solution of pH 10.5 (80 ml),
which is discarded; 8% NaOH (20ml) is added, and the mixture is
thoroughly shaken (100 times); the NaOH layer is not discarded but is
partly neutralized by adding 8% NaHC03 solution (80 ml) and shaken
again with the ether layer; tbe aqueous layer is then discarded. The ether
extract is washed with 8% NaHC03 solution (20ml), and then with
water (10ml), the latter being drained off as completely as possible.
The ether extract is poured into a dry 500-ml round-bottomed flask and
distilled just to dryness on a water bath, ethanol (1 ml) being added to
the flask while still warm to dissolve the residue. A small amount of
ether condenses on cooling.

Extraction of the phenolic fractions (Methods A and B) and saponifi¬
cation (Method B). The contents of the flask are transferred with ben¬
zene (25 ml) to a 150-ml separating funnel containing light petroleum
(25 ml). The benzene-light petroleum mixture is extracted with two
25-ml volumes of water (the estriol fraction) and then with two 25-ml
volumes of 1.6% NaOH (the estrone-estradiol fraction).

Method A. The estriol fraction and the estrone-estradiol fraction are

each run into 100-ml conical flasks containing boric acid (0.9 g). Sodium
hydroxide (4 ml of 20% ) is added to the estriol fraction.

Method B. The estriol fraction and the estrone-estradiol fraction
are each run into 100-ml round-bottomed flasks containing 5 ml and 3 ml,
respectively, of 40% NaOH. The contents of the flasks are boiled for
30 minutes under reflux, cooled, and solid NaHC03 (6 g) is dissolved in
each. The Na0H-NaHC03 solution containing the estriol fraction is
extracted once with ether (50 ml), and the ether layer is then separated
and extracted with two 25-ml volumes of 1.6% NaOH, the NaOH ex¬
tracts being run into a 100-ml conical flask containing boric acid (0.9 g).
The NaOH-NaHC03 solution containing the estrone-estradiol fraction is
extracted once with benzene (25ml), the benzene layer is washed
once with water (5ml) which is discarded, light petroleum (25 ml) is
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added, and the mixture is extracted with two 25-ml volumes of 1.6%
NaOH. The NaOH extracts containing the estrone-estradiol fraction
are run into a 100-ml conical flask containing boric acid (0.9 g).

Methijlation. Dimethyl sulfate (1ml) is added to the two conical
flasks containing the estriol and the estrone-estradiol fractions in NaOH-
H3BO3 (Note 3). The flasks are stoppered and shaken vigorously until
the boric acid and dimethyl sulfate have completely dissolved (Note 9)
and are placed in a water bath at 37° C for 15-30 minutes. Then more
dimethyl sulfate (1 ml) and 20% NaOH (2 ml) are added to each flask,
and the shaking is repeated until the dimethyl sulfate has completely
dissolved. The flasks are then kept at 37° for a further 20-30 minutes
and cooled, or allowed to stand at room temperature overnight (Note
10).

Oxidation of contaminants and extraction of the methylated estrogens.
Sodium hydroxide (10 ml of 20%) and H202 (2.5 ml of 30%) are added
to each flask, and the contents are mixed and transferred to 150-ml
separating funnels (Note 11). The methylated estriol fraction is extracted
with benzene (25ml), and the methylated estrone-estradiol fraction is
extracted with 25 ml light petroleum (Note 2), the solvents being used
first to rinse the corresponding methylation flasks. The benzene and light
petroleum extracts are washed twice with two 5-ml volumes of water,
which is drained off as completely as possible.

Chromatography. The chromatography apparatus used may depend
on the personal preferences of the operator. The following has been
found satisfactory. The chromatogram tubes are constructed from sin¬
tered glass filter tubes, porosity No. 3, with an internal diameter of
10-12 mm and a sealed-on reservoir, so that the total capacity is approxi¬
mately 40 ml. Chromatograms are run in groups of four, the rate of
flow of solvents being adjusted to approximately 30 drops per minute by
applying a slight suction. A column is prepared by partly filling the
chromatogram tube with light petroleum or benzene and then adding
the alumina (2g), standardized as described later, in a thin stream so
that it is freed from air as it settles. The surface of the alumina is leveled

by tapping, and a 6-mm (approximately) layer of sand (washed with
HC1, water, then ethanol, and dried thoroughly) is added to protect it
from disturbance during addition of the solvents. Solvents are sucked to
the surface of the sand before adding the next fraction, but no air is
allowed to penetrate the alumina itself.

The methylated estrone-estradiol fraction in light petroleum is applied
to a column of alumina (2 g) prepared in light petroleum (Note 2). The
column is eluted first with 25% (v/v) benzene in light petroleum
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(12ml), which is discarded, then with 40% (v/v) benzene in light
petroleum (16 ml), which contains the estrone fraction, then with a
further 11 ml of 40% benzene in light petroleum, which is discarded, and
finally with benzene (12 ml), which contains the estradiol fraction.

The methylated estriol fraction in benzene is similarly applied to an¬
other column prepared in benzene. The column is eluted with 1.4%
ethanol in benzene (12ml), which is discarded, and then with 2.5%
ethanol in benzene (15ml), which contains the estriol fraction.

The estrogen fractions are eluted into 6 X 2 inch test tubes fitted with
19/36 sockets for connection to the evaporation apparatus.

Evaporation of solvents and color development. Quinol (4mg) in
ethanol (0.2 ml of 2% w/v) and a small chip of porous tile or alundum
are added to each tube and also to appropriate blank tubes. The solvents
are distilled by heating in a water bath. To hasten evaporation, a slightly
reduced pressure is applied to the tubes from a water pump through a
manifold. When all the tubes are dry, suction from the water pump is
applied, the tubes are removed from the bath, and the vacuum is released
by admitting nitrogen. The process of evacuation and admitting nitrogen
is then repeated (Note 12).

The appropriate qumol-ThSOj reagent (3ml) for the particular estro¬
gen fraction is added to each tube and to a blank tube. The tubes are
placed in a boiling water bath for 20 minutes, the reagent being "run
round" the walls of the tubes to dissolve visible deposit and shaken twice
during the first 6 minutes of heating. The tubes are cooled in a bath of
cold water. Water is then added, 1 ml to each estriol tube, 0.5 ml to
each estrone tube, and 0.2 ml to each estradiol tube. The tubes are shaken
and placed in the boiling water bath for a further 10 minutes and then
cooled in cold water for approximately 10 minutes.

The optical densities are measured against similarly treated reagent
blanks in a spectrophotometer giving good resolution of light. Readings
are made with a light path of 10 mm at the following wavelengths:
estriol and estrone 480, 516, and 552 mp; estradiol 480, 518, and 556 mp.
That part of the optical density (D) contributed by the estrogen methyl
ether at the middle wavelength is calculated from the following formula
(A6) (Note 13).

Estriol and estrone corrected reading = —(D480 + D552)
Estradiol corrected reading = 2D5i8— (D480 + D-;56)

The amount of estrogen methyl ether present in each sample is found
by applying the corrected reading to the particular calibration curve
prepared with the pure estrogen methyl ether (Table 2). This is then
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converted to the corresponding amount of free estrogen by multiplying
by the ratio of the molecular weights (0.95). The 24-hr excretion is cal¬
culated from this and the 24-hr urine volume.

TABLE 2

Optical Densities of Estrogen Standards®

Measured optical density
480 516/518 552/556 Corrected

,ug ma ma ma reading
Methods A and B

Estradiol 2.5 0.065 0.124 0.016 0.167
10.0 0.230 0.478 0.051 0.675

Estrone 2.5 0.060 0.126 0.013 0.179
10.0 0.271 0.532 0.085 0.708

Estriol 2.5 0.059 0.090 0.016 0.105
10.0 0.171 0.320 0.049 0.420

Method C

Estrone 0.5 0.066 0.100 0.029 0.105
3.0 0.268 0.485 0.088 0.614

"Micro" method for blood

Estradiol 0.2 0.088 0.107 0.027 0.099
0.8 0.257 0.391 0.062 0.463

Estrone 0.2 0.158 0.179 0.080 0.120
0.8 0.310 0.445 0.125 0.455

Estriol 0.2 0.185 0.195 0.101 0.104

0.8 0.300 0.391 0.120 0.362

® The values given are representative of those obtained when the standards are
evaporated directly from ethanolic solution plus solvent. Values for methyl ethers
expressed as free estrogens.

3.6.2. Adaptation of Method A for Pregnancy Urine (B34)
Method A requires modification to handle the larger amounts of

estrogens found in pregnancy urine. The 24-hr urine volume is diluted
to 2500 ml with water, and, according to the stage of pregnancy, 200, 100,
50, 20, or 10-ml portions are used for the determination. When the por¬
tion of urine taken is 200 ml, it is processed as for nonpregnancy urine.
When it is 100 ml or less, it is first diluted to 100 ml with water, and
one-half the volumes of HC1, ether, carbonate buffer, NaOH, and
NaHCOg recommended for 200 ml of urine are used for hydrolysis and
extraction. After distillation of the ether, the analysis is continued
exactly as for 200 ml of urine. However, for colorimetry it is usually
necessary to take 1/2, 1/5, or 1/20 aliquots of the estriol methyl ether
fractions after chromatography. The portions of urine and the aliquots
of the estriol methyl ether fractions are selected so that the Kober
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colors produced are in a convenient range for measurement; they can be
predicted from the figures published for urinary estrogen excretion
throughout normal pregnancy (Fig. 13, p. 214).
3.6.3. Method C for Estrone

Hydrolysis, extraction, and purification. Urine (600 ml) is hydrolyzed
either by boiling under reflux with 15 volumes per 100 ml (90 ml) of
concentrated HC1 for one hour or by incubation overnight at 37° C and
pH 4.7 with [3-glucuronidase (200,000 units plus phenol sulfatase from
Patella vulgata). The hydrolyzed urine is extracted once with diethyl
ether (600 ml for acid-hydrolyzed urine, 800 ml for enzyme-hydrolyzed
urine). The ether extract is (a) extracted with concentrated carbonate
solution, of pH 10.5 (100 ml), which is discarded; (b) shaken thoroughly
with NaOH (20 ml of 8%), which is then partly neutralized to approxi¬
mately pH 10.0 by adding 8% NaHC03 solution (80 ml) and is shaken
again with the ether layer, the aqueous layer being discarded; (c)
washed with 8% NaHCO:i (20 ml), the aqueous layer being discarded;
(d) washed with water (20 ml) which is also discarded, care being taken
to drain off the water as completely as possible. The ether is evaporated
in two portions from a single 500-ml flask, the flask being removed from
the water bath just as the ether has distilled to dryness. The last traces
of ether vapor are removed by partly inverting the warm flask.

The residue is dissolved in absolute ethanol (2 ml); Girard's reagent
T (0.2 g) and glacial acetic acid (0.5ml) are added; the flask is loosely
stoppered; and the solution is heated on a water bath at approximately
80° C for 15 minutes with occasional swirling, so that the Girard reagent
finally dissolves. The contents of the flask are cooled, water (50 ml) is
added, and the whole is extracted with ether (75 ml). The ether extract
containing the nonketonic fraction is discarded. The aqueous layer
containing the Girard complex is returned to the flask, acidified with
HC1 (7.5 ml) and heated on a water bath at approximately 100° C for
15 minutes. After cooling, the solution is extracted with benzene (25 ml).
The benzene extract is diluted with light petroleum (25 ml), washed
once with water (50 ml), which is discarded, and extracted with two
25-ml volumes of 4% NaOH. The NaOH extract is boiled for 30 minutes
under reflux as in Method B, cooled, and solid NaHC03 (6 g) is added.
The mixture is shaken until the NaHC03 has dissolved and is extracted
once with benzene (25 ml). The benzene extract is washed with water
(5 ml), diluted with light petroleum (25 ml) and the estrone is re-
extracted with two 25-ml volumes of 1.6% NaOH. Boric acid (0.9g) is
added to the NaOH extracts, and the estrone is methylated as described
for Methods A and B.
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The estimation of estrone is then continued as in Methods A and B,
chromatography being completed after elution of the estrone methyl
ether fraction with 40% benzene in light petroleum.

Colorimetnj. The estrone methyl ether fraction is collected into a
6 X 3/4 inch tube fitted with a 19/36 socket at one end for connection
to the evaporation apparatus and narrowed at the other to a diameter
of approximately 1/2 inch. Quinol (1.4 mg) in ethanolic solution (0.07 ml
of 2%, w/v) and a small piece of porous tile or alundum are added, and
the solution is evaporated to complete dryness as described for Methods
A and B. During the later stages of the evaporation, the tubes are
raised in the boiling water bath so that only the narrowed portions
are immersed. In this way the solvent partially refluxes as it distills,
and all the solid collects in the bottom of the tube. A blank tube with

quinol only is prepared at the same time.
The Kober color reaction is performed as follows: 1 ml of the estrone

reagent [2% quinol in 66% (v/v) H2S04] is added to the residue, and
the tube is heated for 20 minutes in a boiling water bath. The reagent is
run round the lower walls of the tube before heating and again during
the first 5 minutes of heating. The tube is then cooled in a bath of cold
water. Water (0.17 ml) is added and the tube is shaken and heated again
in the boiling water bath for 10 minutes. The tube is cooled again in cold
water for approximately 10 minutes. The optical density is measured
against a similarly treated reagent blank in a spectrophotometer using
microcells with a light path of 10 mm, at wavelengths 480, 516, and
552 mp. The optical density readings (D) are corrected by applying the
formula

Corrected reading = 2Dr,i6 — (D48o + D552)
The amount of estrone methyl ether present is found by applying the
corrected readings to a standard calibration curve prepared with pure
estrone methyl ether (Table 2). The 24-hr excretion is calculated as for
Methods A and B.

3.6.4. Preparation ami Standardization of the Alumina
Particular care is required in the standardization of the alumina.

However, once prepared, it can be stored in completely airtight con¬
tainers for a considerable period of time. Caking occurs during storage
but is easily broken down by shaking.

The amount of water required for deactivation depends on the
original activity of the alumina and is determined by trial and error.
Different batches and makes of alumina have required from 5 to 9.5 ml
of water per 100 g to achieve the correct activity. After addition of
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water, the alumina is stirred to break down moist lumps and shaken
thoroughly until quite homogeneous. Its activity is tested as follows.

Column 1. Estrone methyl ether (10 pg in 0.2 ml ethanol) is added
to light petroleum (25 ml) and, after being extracted two times with
water (25 ml) to remove traces of ethanol, the solution is applied to a
2-g column of the alumina prepared in light petroleum. The column is
eluted with 25% benzene in light petroleum in six 8-ml fractions, and the
estrone methyl ether content of each fraction is determined colorimetri-
callv (Note 14). When the activity is correct, no estrone methyl ether
is eiuted in the first 16 ml, 25-40% is eluted by 24 ml, and 100% is eluted
by 48 ml. Alternatively, the criteria given in the original publication may
be used (B32). If the alumina is too active, more water is added; if not
active enough, more active alumina is added until the required activity
is obtained. The following experiments are then performed to determine
the exact chromatographic procedure to be adopted for this alumina.

Column 2 is prepared similarly except that both estrone and estradiol
methyl ethers (10 pg of each) are added to the light petroleum (25 ml).
The column is eluted (a) with 25% benzene in light petroleum (12ml);
(b) with 40% benzene in light petroleum in four 4-ml and six 8-ml
fractions. From 5 to 15% of the estrone methyl ether is eluted in the first
4 ml, 95-98% by 12 ml, 100% by 16 ml, nothing further is eluted by
24 ml, and 0-8% of the estradiol appears by 32 ml, and 40-70% by 48 ml.
The volume of effluent which can be safely discarded between the estrone
and estradiol methyl ether fractions is the most variable factor encoun¬
tered in different batches of alumina. Occasionally, a complete separa¬
tion is not achieved, in which case the alumina is unsuitable for the
determination.

Column 3 is prepared like Column 2. It is eluted with (a) 12 ml 25%
benzene in light petroleum; (b) 15-16 ml 40% benzene in light petro¬
leum,, which contains all the estrone methyl ether; (c) 8-12 ml 40%
benzene in light petroleum (depending on the results from Column 2),
which gives a corrected reading of less than 0.015 in the Kober reaction;
(d) benzene in five 3-ml fractions, 10-30% of the estradiol methyl ether
being eluted in the first 3 ml, 96-100% by 9 ml, and 100% by 12 ml.

Column 4 is prepared in benzene. Estriol methyl ether (lOpg in 0.2
ml ethanol) is added to benzene (25 ml), which is extracted with water
(twice with 25 ml) and applied to the column. The column is eluted
with 1.4% ethanol in benzene in six 8-ml fractions; no estriol methyl
ether appears in the first 8 ml, 3-13% by 16 ml, 30-65% by 24 ml, and
100% by 48 ml. Occasionally, 1.25% ethanol in benzene is required to
obtain these figures.
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Column 5 is prepared like Column 4. It is eluted with (a) 10 to 12 ml
of 1.4% ethanol in benzene, depending on the results from Column 4
(or 1.25% ethanol in benzene); (b) 2.5% ethanol in benzene in five
4-ml fractions; 5-20% of the estriol methyl ether is eluted in the first
4 ml, 60-90% by 8 ml, 98-100% by 12 ml, and 100% by 16 ml.

These figures are presented to serve as guides to the standardization
of the alumina. A small latitude in the activity of the alumina is permis¬
sible, and the chromatographic procedure can be adjusted so that ade¬
quate safety margins in the collection of fractions is maintained.
3.6.5. Explanatory Notes

Note 1. Special treatment of the ether to remove traces of peroxides
is unnecessary. Ether recovered from the method may be used again
after redistillation. Recovery of other solvents is not recommended.

Note 2. The light petroleum and benzene should be saturated with
water. Absolutely dry solvents remove water from the deactivated
alumina during chromatography and change its characteristics. The low
boiling point of the light petroleum may cause break-up of alumina
columns in laboratories kept above 22° C. In this case, hexane should
be substituted (D5).

Note 3. Dimethyl sulfate is dangerous, since its vapor can be inhaled
and later hydrolyze in the lungs to cause edema. Fortunately it has a
low volatility (b.p. 188° C). Nevertheless, it should be handled with
care in a fume cupboard, using safety pipettes. Redistillation is unneces¬
sary and is not recommended on grounds of safety.

Note 4. Different brands of sulfuric acid and quinol may have marked
effects on the quality of the reagents (see Section 3.2.2.2). Those ob¬
tainable from British Drug Houses Ltd. have usually been found to be
suitable. Reagents which are colorless or which are too highly colored
may not give satisfactory results. The former can sometimes be improved
by the addition of oxidizing agents (B5, B8). Unsuitability of a reagent
is indicated by the production of optical densities with pure estrogens
which are considerably lower than those given in Table 2, and also by
interference of urinary impurities in the color reaction, which causes low
recoveries of estrogens. This latter effect can be tested by adding the
pure estrogen methyl ether directly to a portion of the urine extract and
determining whether the color produced (after correcting for the blank
value) is the same as that produced by the same amount of estrogen
methyl ether in pure solution.

Note 5. Changes in estrogen content of urine occur during storage,
especially when the urine is grossly contaminated with bacteria (L4).
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These changes take place, though more slowly, when the specimen is
frozen at —20° C.

Note 6. The precision of the assay is such that a single determination
on each specimen is usually sufficient when serial assays are being per¬
formed on the one subject. However, duplicate determinations should
be adhered to until the operator achieves a degree of precision com¬
parable to that given in Section 3.5.1 or when assays on isolated speci¬
mens of urine are being performed.

Note 7. Alternatively, the urine may be hydrolyzed enzymically,
provided Method B is used.

Note 8. Enzyme-hydrolyzed urines are extracted twice with 200-ml
volumes of ether to minimize emulsion formation.

Note 9. The dimethyl sulfate should be completely dissolved. Di¬
methyl sulfate is rapidly hydrolyzed in strongly alkaline solutions and
becomes ineffective before methylation is complete. The solution used
here is buffered to a pH between 10 and 11.5, where the rate of hydrolysis
is considerably retarded without greatly affecting the rate of methylation.
Reaction is slow at room temperature but is complete in 15 minutes at
37° C.

Note 10. The methylated estrogens are stable so that the procedure
may conveniently be interrupted at this stage, even for a considerable
period of time.

Note 11. Low recoveries of estriol may sometimes be obtained if
the methyl ether is extracted with benzene immediately after the addition
of the NaOH and H202. This is due to incomplete oxidation and removal
of contaminants which interfere in the Kober reaction and is rectified

by allowing the mixture to stand 20 minutes before extraction (VI).
Note 12. Evaporation of solutions containing methylated estrogens

under jets of air or nitrogen leads to losses, especially of estrone methyl
ether, apparently through volatilization (G2). Solvents may be evapo¬
rated simply by heating the tubes in a water bath in the fume cupboard.
When the tubes are almost dry, suction from a water pump is applied
to them individually while they are still hot. When the tubes are com¬
pletely dry, the vacuum is released by admitting air, applied again, and
released again. Traces of solvents not completely removed interfere
in the Kober reaction.

Note 13. The true optical density at 516-518 mp can be calculated
approximately from the "corrected reading" by multiplying by the
factor 0.8.

Note 14. The sum total recovered usually does not correspond
exactly with the amount added. This applies also to the other steps in
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the method. The recovery figures given for the method apply only to
urine extracts. Unexplained losses occur when pure solutions are
processed.

4. Clinical Application of Urinary Estrogen Determinations
4.1. Introduction

This section will deal almost entirely with the results obtained by the
assay methods described in Section 3, which measure urinary 17p-
estradiol, estrone, and estriol. Figures obtained by other methods will be
quoted only when there is reason to believe that they are equally reliable.
As shown in Section 2, the relative amounts of the three estrogens ex¬
creted in the urine vary considerably from subject to subject; usually
estriol is greater than or equal to estrone, and estradiol is the least of
the three. The proportions remain approximately constant for each in¬
dividual, and variations between individuals do not seem to have any
clinical significance. The sum of the three estrogens correlates more
closely with the clinical signs of estrogenic activity than the amount of
any individual estrogen; this figure will be used frequently in the text
and will be termed "total urinary estrogens." For convenience "estradiol"
will refer to "17|3-estradiol." Throughout this section, the figures given
will not be corrected for losses occurring in the assay methods.

4.2. Results in Women of Child-Bearing Age

4.2.1. The Ovulatory Menstrual Cycle
A characteristic pattern of estrogen excretion is found during the

ovulatory menstrual cycle. This is now so well established that it provides
a useful preliminary check on the reliability of a new assay technique
(for example, see El, F6). This pattern is illustrated in Fig. 5, which
shows the amounts of estradiol, estrone, and estriol excreted by an in¬
dividual throughout her 28-day menstrual cycle and in Figs. 6 and 7,
which show the composite results obtained from 16 women throughout
their menstrual cycles. The amounts of the three estrogens excreted rise
and fall together. They are lowest during the first week of a 28-day cycle,
and then rise to a well defined peak (the "ovulatory peak"), which occurs
on or about the 13th day of the cycle. The estrogen excretion then falls
and rises again to a second maximum (the "luteal maximum"). This
maximum is usually lower than the "ovulatory peak," and in some women
may be ill defined. During the last few days of the cycle, the estrogen
excretion falls and menstruation occurs at this time. The mid-cycle peak
has been observed in every ovulatory cycle studied and has the following
characteristics: the rise to the peak is usually gradual and the fall after
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the peak is abrupt; the rise and fall of the estriol levels tend to lag
slightly behind the rise and fall of the estradiol and estrone levels (for
example, in Fig. 5 the highest excretion of estradiol-estrone occurred on
the 13th day, while that of the estriol occurred on the 14th day); and
the interval of time between the peak and the onset of menstruation is
approximately 14 days.

I 3 S 7 9 It 13 15 17 19 21 23 25 27
DA.Y OF CYCLE

Fig. 5. Urinary excretion of estrogens during the menstrual cycle. This figure
shows the amounts of estradiol, estrone, and estriol excreted per 24 hours, and also
the variations in basal temperature; ■■ = menstrual period. Subject aged 36;
para 3 (B33).

A reasonable explanation for this urinary pattern, based on ovarian
function, is as follows: the amounts of estradiol and estrone secreted
increase as the Graafian follicle increases in size and reach a peak just
before rupture at ovulation; rupture causes a temporary arrest in
estrogen production and output falls; growth and regression of the
corpus luteum leads to the second rise and fall in estrogen excretion.
Since estradiol and estrone are metabolized and eliminated rapidly in the
urine as their conjugates and slightly less rapidly as estriol (B35),
fluctuations in urinary estradiol and estrone should be closely related in
time to the corresponding fluctuations in estrogen production by the
ovaries. If the fall in estrogen output following the "ovulatory peak" is
in fact due to rupture of the follicle, then the time when this occurs
should follow closely the moment of ovulation. Analyses performed on
24-hour collections of urine can, at best, indicate that ovulation occurred
within a certain 24-hour period, the most likely being the day on which
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the peak of urinary estradiol and estrone excretion was observed. Such
a test for the timing and occurrence of ovulation would have many useful
applications in fertility studies, especially as it does not depend on the
progestational effects of a functioning corpus luteum. Proof of the
validity of this method for timing ovulation is difficult because there is
no sufficiently exact method available for comparison.

In a study involving 75 women with various gynecological disorders

MAXIMUM

MU^Kium
DAY OF CYCLE

Fig. 6. Mean, maximum, and minimum levels of urinary estradiol, estrone, and
estriol excreted by 16 women, aged 18-41 years with normal menstrual cycles. The
time between the onset of bleeding (day 1) and the ovulatory peak of estrone/estra¬
diol varied from 10 to 18 days (mean 13 days) and between this peak and the onset
of the next menstruation, from 12 to 16 days (mean 14 days). Curves were con¬
structed by superimposing individual curves in such a way that each of the
estrone/estradiol ovulatory peaks coincided with day 13 of the composite curves;
■■ = menstruation (B36a).
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and 16 normally menstruating women, a characteristic "ovulatory peak"
was invariably observed whenever ovulation occurred, as indicated by
endometrial biopsies, basal temperature records, and urinary pregnan¬
diol determinations (B44). The period of time between the onset of
the previous menstrual bleeding and the "ovulatory peak" varied from
5 to 92 days, and between the peak and the onset of the next menstrual
bleeding, from 11 to 16 days. In an extension of this series, the writer
has encountered two young women who showed one maximum of

Fig. 7. Mean, maximum, and minimum levels of "total" urinary estrogens ex¬
creted by 16 women, aged 18-41 years with normal menstrual cycles. The time
between the onset of bleeding (day 1) and the ovulatory peak of estrone/estradiol
varied from 10 to 18 days (mean 13 days) and between this peak and the onset of
the next menstruation, from 12 to 16 days (mean 14 days). Curves were con¬
structed by superimposing individual curves in such a way that each of the
estrone/estradiol ovulatory peaks coincided with day 13 of the composite curves.
Results obtained by summing the values shown in Fig. 6; HIS = menstruation (B44).
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estrogen excretion between bleeding phases; this maximum had all
the characteristics of the "ovulatory peak" except that the time between
it and the next menstrual bleeding was shortened to approximately 7
days and no signs of a functioning corpus luteum could be detected.
These would be diagnosed as anovulatory cycles on the latter evidence;
however, an alternative explanation is that ovulation occurred but a
corpus luteum did not form. Such a possibility has already been predicted
(B34). Further evidence is required before a rise in urinary estrogen
excretion resembling an "ovulatory peak" can in itself be accepted as
proof of ovulation.

Urinary estrogens have been measured together with urinary preg-
nanediol and gonadotropins (FSH and ICSH) during the menstrual
cycles of 9 individuals. Basal temperature records were also made (B42).
The first indication of increasing ovarian activity was the rise in estrogen
excretion which culminated in the "ovulatory peak"; urinary gonadotropin
excretion also increased at mid-cycle, but this increase always followed
the rise in estrogen excretion, the gonadotropin peak either coinciding
with the estradiol-estrone peak or following it by an interval of 1 to 4
days; the rise in urinary pregnanediol and basal temperature occurred
2-3 days after the estrogen peak and sometimes preceded the gonado¬
tropin peak. No gonadotropin peak was observed in two individuals, and
a monophasic temperature curve was observed in one, although the
other evidence indicated that ovulation had occurred. One subject was
artificially inseminated on the day of the mid-cycle estradiol-estrone peak
and conceived, whereas several previous attempts timed to coincide with
the rise in basal temperature had been unsuccessful. The insemination
experiment supports the view that ovulation occurs at the time of the
mid-cycle estrogen peak. However, the finding that the rise in gonado¬
tropin output occurs after the mid-cycle rise in estrogen, and may even
occur after the rise in basal temperature and pregnanediol excretion, is
at variance with current views of the sequence of hormone production
during the menstrual cycle.
4.2.2. Amenorrhea

A study of urinary estrogen excretion in 24 women suffering from
amenorrhea has been reported (B44). These were divided into 4 groups
as follows.

Group (1) comprised eight cases, aged 20 to 38 years, one with
primary amenorrhea, the others with secondary amenorrhea. These sub¬
jects did not menstruate subsequently and were classified as having
reached a premature menopause. Endometrial biopsies were performed
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on four, and in no case was any endometrial tissue obtained. The
amounts of estrogens excreted by these eight women were as follows (in
pg/24 hr): estradiol nil to 3.1 (mean 0.7), estrone 1.0-4.7 (mean 3.2),
estriol nil to 5.0 (mean 2.4), total 1.8-10.0 (mean 6.3).

Group (2) consisted of eleven patients, who, after periods of amen¬
orrhea lasting from 3 years to 2 months subsequently menstruated.
These were therefore examples of temporary suppression of ovarian func¬
tion. Endometrial biopsies were performed on nine of these patients. Six
showed proliferative changes, and five of these were excreting 12-20 pg
total estrogen per 24 hours at the time of the biopsy; only one was excret¬
ing less than 10 pg/24 hr and in this case, where the output was 7 pg/24
hr, the estrogen levels rose soon afterwards to an ovulatory peak (levels
as low as this may be found during the early proliferative phase of the
menstrual cycle; see Fig. 7). Three showed no endometrial stimulation:
one was excreting an average of 8 pg total estrogens/24 hr at the time
of the biopsy and did not menstruate until 3 months later; one was ex¬
creting an average of 12 pg/24 hr and menstruated 34 days later; and
the other was excreting 17 pg/24 hr and menstruated 18 days later; in
the latter case, the biopsy specimen may not have been representative
of the endometrium as a whole.

The results obtained in Groups (1) and (2) show that an inactive
endometrium is usually associated with an excretion of less than 10 pg
total estrogens per 24-hour urine, and stimulation is found at levels
higher than this.

Group (3) comprised three cases of primary amenorrhea due to con¬
genital absence of uterus and vagina. Cyclical changes in urinary estro¬
gen output were observed in all cases. In two, a characteristic ovulatory
peak followed by a luteal maximum was demonstrated, and in both of
these the occurrence of ovulation was confirmed by pregnanediol assays.
These cases show therefore that normal ovarian function is possible even
when the uterus is permanently absent.

Group (4) comprised two patients, both with combined granulosal
and thecal-celled ovarian tumors, in whom amenorrhea had lasted for
16 months and 2 years, respectively. One showed cystic glandular hyper¬
plasia of the endometrium, the other early secretory changes, and both
were excreting approximately 13 pg total estrogens per 24 hours. This
uncommon relationship between length of amenorrhea, highly stimulated
endometrium, and "early proliferative phase" levels of urinary estrogens
could have been due to a small continuous supply of estrogens from the
tumor which was inhibiting the pituitary, thereby suppressing normal
ovarian function.
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4.2.3. Dysfunctional Uterine Bleeding
Results of urinary estrogen determinations in women suffering from

dysfunctional uterine bleeding have been reported (B44). Twenty-eight
women were studied, and these were divided into 3 groups.

4.2.3.1. Anovulatory Menstrual Cycles. These were defined as more
or less regular monthly episodes of uterine bleeding originating from
an endometrium which was in the proliferative phase and which showed
no signs of secretory activity. Diagnosis was therefore based on endome-

biopsy
("secretory)

biopsy
(late proliferative)

biopsy

(secretory)
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An anovulatory menstrual cycle followed by an ovulatory menstrual cycle
menstruation.

Fig. i

(B44);

trial biopsies. Six women with histories of irregular uterine bleeding
were found to be having anovulatory cycles; three of these exhibited
ovulatory as well as anovulatory cycles during the study.

The estrogen values found during these anovulatory menstrual cycles
are illustrated in Fig. 8, which shows an anovulatory cycle followed by
an ovulatory cycle. The characteristic features of the anovulatory men¬
strual cycle are (1) the estrogen output remains more or less constant
between episodes of bleeding and shows only minor day to day fluctua¬
tions; unlike normal menstruation, bleeding occurs without withdrawal
of the estrogenic (and progestogenic) stimulation; this contrasts with
the rhythmical changes which occur during the ovulatory menstrual cycle;
(2) estrogen output is maintained at higher levels than those found in
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women with an atrophic endometrium and experiencing complete amen¬
orrhea. The daily excretion values found in 116 determinations per¬
formed during 11 anovulatory cycles in the six women were (in pg/24
hr): estradiol, nil to 10.2 (mean 2.4); estrone, 3-13 (mean 6.4); estriol,
5-21 (mean 9.4); total, 9-33 (mean 18.2). These are the same as the
proliferative phase levels found during the ovulatory menstrual cycle
between approximately the 5th and the 11th day (Fig. 7), and are also
the same as the values associated with proliferative changes of the
endometrium recorded in Section 4.2.2. There can be little doubt, there¬
fore, that these amounts of urinary estrogens reflect a degree of estrogen
production by the ovaries which is sufficient to cause proliferative
changes in the endometrium. Why bleeding should result at regular
intervals under these conditions is still unexplained. That oophorecto-
mized women experience periodic uterine bleeding when maintained
on a constant threshold dose of estrogens has been known for some
time (Zl). Perhaps the endometrium becomes unstable when it has
reached a certain degree of proliferation under this steady stimulation,
and without any change in estrogen production, breaks down to cause
the anovulatory bleeding.

During a study of estrogen excretion throughout apparently normal
menstrual cycles, the writer has encountered three women in twenty-
seven who were having anovulatory cycles at the time of the investiga¬
tion. These were diagnosed on the basis of basal temperature records
and urinary pregnanediol assays, and the pattern found was the same
in all respects as that just described. Therefore, the majority of anovula¬
tory cycles appear to conform to this pattern. The possibility that the
endometrial changes usually associated with anovulatory cycles might
occur not through failure of ovulation but through failure of corpus
luteum development following an estrogen peak has been discussed in
Section 4.2.1.

An interesting finding in this series was that whenever an ovulatory
cycle followed an anovulatory one, the ovulatory peak occurred im¬
mediately after the cessation of the anovulatory bleeding. Thus the
estradiol-estrone ovulatory peak occurred on the 5th day of the second
cycle shown in Fig. 8.

4.2.3.2. Cystic Glandular Hyperplasia. Patients suffering from cystic
glandular hyperplasia can be divided into two groups according to their
estrogen output (B44). In the first group, illustrated in Fig. 9, the
urinary estrogen excretion is maintained in the region of 30 to 40 pg total
estrogen per 24 hours between episodes of bleeding. This is therefore
analogous to the pattern of constant excretion found during anovulatory
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menstrual cycles, except that the estrogen output is maintained at higher
levels and the greater stimulation leads to cystic glandular hyperplasia
of the endometrium. In the second group, illustrated in Fig. 10, a single
rise and fall of estrogen output occurs between episodes of bleeding. This
rise and fall differs from an ovulatory peak in that higher values are
reached and these are maintained for a longer time. Two such episodes
are illustrated in Fig. 10, which shows the results obtained from a woman
who, by previous endometrial biopsies, had been diagnosed as having
cystic glandular hyperplasia. In November, the total estrogen output
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Fig. 9. Cystic glandular hyperplasia: constant estrogen excretion (B44); ■■ =
menstruation.

showed a rise which exceeded 35 pg/day for 20 days and reached 80
pg/day; uterine bleeding commenced as the estrogen output was falling,
presumably because the estrogen stimulus had been withdrawn, and
cystic glandular hyperplasia was diagnosed by biopsy at this time. A
similar rise was noted in February, the output exceeding 45 pg total
estrogens per 24 hours for 24 days and reaching 100 pg; uterine bleeding
commenced after the levels had been above 45 pg/day for 12 days and
while they were still rising. Menstruation ceased unexpectedly as the
estrogen output was falling. No biopsy was taken at this time, but cystic
glandular hyperplasia would have been a likely finding. The results
obtained during December and January indicated that ovulatory cycles
occurred during these months.

Cystic glandular hyperplasia is therefore found in association with
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total urinary estrogen levels which have been maintained for some time
in the region of 30 pg/day or more; bleeding from this type of endo¬
metrium may occur while the output is constant, while it is rising, or
while it is falling. After a period of elevation, the estrogen output may
fall to very low levels, often with the onset of uterine bleeding, while the
endometrium still shows cystic glandular hyperplasia. Urine analyses
performed at this time only would give the misleading picture of low
estrogen levels associated with this condition.

4.2.3.3. Other Forms of Dysfunctional Uterine Hemorrhage. Seven
patients came within this group (B44). The endometrial picture cor¬
related with the estrogen output in five: Two of these exhibited ovulatory
cycles with prolonged proliferative phases following lengthy periods of
uterine bleeding and were excreting 14 pg and 23 pg total estrogen per
24 hours, respectively, at the time when a late proliferative and an early
secretory endometrium was found. One patient had been bleeding for
4 weeks, and at this time the endometrium still showed late proliferative
changes and the total estrogen output was approximately 17 pg/24 hr.
Another showed an early proliferative endometrium along with a total
estrogen output of approximately 20 pg/24 hr and 15 days later began
menstruating at regular intervals. Another had had a menstrual period
lasting 11 days, and 24 days after the onset of this, the total estrogens
rose rapidly from 18 to 40 pg/24 hr at a time when the endometrium was
showing late proliferative changes. The endometrial picture did not
correlate with the estrogen output in the remaining two patients: one had
been bleeding for 4 weeks, and after this time a "resting" endometrium
was found although the total estrogen output was 13 to 25 pg/24 hr; the
other was excreting 24-33 pg total estrogen per 24 hours at a time when
no endometrium could be obtained; this patient returned to an apparently
normal menstrual rhythm within a month of the examination. In the
former case, the endometrium might have been shed completely during
the preceding 4 weeks of uterine bleeding; in the latter case, the estrogen
figures were more in keeping with her later menstrual history and the
biopsy findings may not have been representative of the endometrium
as a whole.

4.3. Results in Postmenopausal Women

4.3.1. Normal Postmenopausal Women
A number of centers have reported values for the excretion of urinary

estrogens by postmenopausal women (for example, see B25, B36, B44,
F6, Ml). In a carefully controlled series (Ml), 24-hr urine specimens
were collected twice weekly over periods of 6 to 8 weeks from seven
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women who were 2-26 years past the menopause. All seven subjects had
an atrophic endometrium at the time of the investigation, as judged by
an endometrial biopsy, and none had experienced postmenopausal
bleeding. There was no evidence of any cyclical changes in estrogen out¬
put in any individual although the amounts excreted could vary con¬
siderably from day to day, and there was no correlation between
estrogen output and the time past the menopause. The mean excretion
values for each of the seven individuals are summarized in Table 3.

TABLE 3
Estrogen Excretion by Normal Postmenopausal Women and Patients

with Postmenopausal Bleeding

(in Rg/24-hr urine)
Postmenopausal bleeding (B44)

Normal (Ml) Group 1 Group 2 Group 3
Endometrium Atrophic Atrophic Not examined Active

7 cases 10 cases 6 cases 7 cases

Estradiol range 0.2-1.1 0 1 I—* 0 -1.7 0 1 to o
Mean 0.6 0.3 0.4 0.7

Estrone range 1.1-2.7 0.3-2.4 0.9-3.1 1.4-15.4
Mean 1.9 1.3 1.6 4.6

Estriol range 1.6-5.4 2.2-7.5 2.0-6.6 1.2-21.1
Mean 3.3 3.9 3.6 10.9

Total range 3.1-8.1 3.2-9.0 3.6-8.9 2.6-44.0
Mean 5.8 5.5 5.6 16.2

4.3.2. Postmenopausal Bleeding
Results obtained from twenty-three women with postmenopausal

bleeding have been reported (B44). In this series, assays were per¬
formed on at least two 48-hr collections of urine. The cases were divided
into 3 groups.

Group (1) comprised ten patients, who, on endometrial biopsy, showed
an inactive endometrium: in five of these, the bleeding was due to an
adenocarcinoma of the body of the uterus, in one to cervical ulceration,
in another to a cervical polypus, and in another to localized endometrial
polypi. The cause of bleeding was not ascertained in two.

Group (2) comprised six patients in whom the endometrium was not
examined; five of these had a squamous epithelioma of the cervix, and
one had cervical adenocarcinoma.

Group (3) comprised seven patients who showed endometrial changes
consistent with estrogenic stimulation; three of these had ovarian tumors
which were probably the source of the estrogenic stimulation, and one
had a recurrence of ovarian function following a menopause induced



202 j. b. brown

by radium. Four patients showed cystic glandular hyperplasia; of these,
three were excreting averages of 14, 25, and 44 pg total estrogens per
24 hours at the time of examination, and the fourth was excreting 2.6 pg
(this apparent anomaly is considered in Section 4.2.3.2). Three patients
showed early proliferative changes of the endometrium and were excret¬
ing 6, 9, and 14 pg total estrogens per 24 hours; while some of these fig¬
ures are within the upper range for normal postmenopausal women, they
also come within the range found during the early proliferative phase of
the menstrual cycle.

The mean excretion values for each individual in the three groups are
summarized in Table 3. The estrogen values found in Groups (1) and (2)
were the same as those found in the normal group. Ovarian function in
these cases was therefore normal for postmenopausal women.

In Groups (1) and (2), removal of the ovaries did not affect the basal
excretion of urinary estrogens, while in Group (3), oophorectomy re¬
duced the high estrogen levels to normal postmenopausal values. These
findings indicate that the normal postmenopausal ovary does not secrete
significant amounts of estrogens (see Section 4.4).

4.4. Estrogen Excretion in Cancer

4.4.1. Cancer of the Breast in Women
A considerable amount of circumstantial evidence indicates that there

is a connection between estrogens and breast cancer. Estrogens are in¬
volved in the normal development and function of the breast, and if
there is any relationship between normal and malignant tissue, they
should also be involved in the growth of mammary carcinoma. Bilateral
oophorectomy (B16), bilateral adrenalectomy (H7), and hypophy-
sectomy (L12) cause a remission in a proportion of patients with meta¬
static carcinoma of the breast, presumably by removing sources of
estrogens which are encouraging growth of the tumor. On the other hand,
administration of estrogens or androgens may be beneficial to some pa¬
tients with the disease (HI, L10).

Several centers have tried to establish this connection by urinary
estrogen determinations. Analyses have been performed (I) to determine
whether any abnormality of estrogen production or metabolism could
be detected in patients with breast cancer; and (2) to assess the effects
of the above forms of endocrine therapy on the output of urinary estro¬
gens and to determine whether these correlated with the subsequent
course of the disease.

4.4.1.1. Estrogen Excretion and Metabolism. Urinary estrogen excre-
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tion was measured in a group of 27 postmenopausal women suffering from
metastatic breast cancer who had had no previous endocrine treatment,
and was compared with that of a control group of 22 hospitalized post¬
menopausal women who showed no evidence of malignant disease (B36).
The mean excretion found in the two groups (cancer/control) was (in
pg/24 hr): estradiol, 0.6/0.3; estrone, 1.5/1.4; estriol, 5.8/4.1; total,
8.1/6.0. The differences in the estriol and total estrogen excretion were
significant (P = 0.05), indicating that the cancer patients as a group
were excreting slightly more estriol than the control group; this in turn
was reflected in the higher levels of total estrogens. These results have
been confirmed by other workers (N2), who suggested that the increased
excretion of estrogens by the cancer group was due to emotional stress
caused by the disease. These workers showed that the administration
of cortisone (50 mg/day) or prednisolone (10 mg/day) reduced the
estrogen output, and ascribed the beneficial effects of these drugs in
metastatic breast cancer to this process.

Small doses of estradiol were administered to 25 postmenopausal pa¬
tients with cancer of the breast and to 9 postmenopausal subjects with¬
out malignant disease (B36). The mean percentage of the dose recovered
in the urine as the three estrogens was the same in the two groups (cancer
14.5%, control 14.8%). However, in the cancer group, estriol accounted
for a significantly higher proportion of the total urinary estrogens re¬
covered (cancer 72%; control 58%; 0.01 > P > 0.001). These propor¬
tions, which agree with those found for the excretion of endogenous
estrogens, indicate that patients with breast cancer convert more of their
estradiol and estrone to estriol than the control group. Such a finding is
not peculiar to breast cancer alone, for it has been noted in other forms
of severe illness (B10, see Section 4.5).

4.4.1.2. The Effects of Endocrine Therapy on Urinary Estrogen Ex¬
cretion. (a) Oophorectomy and X-irradiation of the ovaries. In pre¬
menopausal women, oophorectomy or X-irradiation of the ovaries abol¬
ishes the cyclical changes in estrogen excretion and reduces the output
to postmenopausal levels (Bll, B12, B44, B45, B47).

Some workers have found no correlation between estrogen levels and
time past the menopause (Ml), others have noted that the output is
lowest immediately following the menopause, whether natural or induced
by oophorectomy or X-irradiation, and then increases to slightly higher
levels, probably through a slow-acting compensating mechanism involv¬
ing the adrenals (N2).

Oophorectomy after the menopause has no detectable effect on estro¬
gen output apart from the immediate evanescent rise which usually fol-
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lows the stress of a surgical operation (Bll, B12, B43, B45, B47, S10).
Premenopausal patients with breast cancer frequently experience a

remission of their disease following oophorectomy or X-irradiation, due
presumably to the removal of the major source of estrogenic stimulation.
This is therefore the preferred form of treatment in these cases. However,
in postmenopausal patients, oophorectomy affects neither the estrogen
output nor the course of the disease.

(b) Bilateral adrenalectomy. Adrenalectomy is usually performed
after bilateral oophorectomy, even in postmenopausal patients. Since the
ovaries and adrenals are the only known sources of estrogens in women,
these combined operations should eliminate estrogen production. Several
groups of workers have attempted to confirm this by urinary estrogen
determinations. Difficulties have been encountered because the estrogen
output in these patients is generally below the limits of reliability of the
assay methods available. Several groups of workers have detected in
urine from oophorectomized and adrenalectomized patients, substances
with the chemical and biological properties of the estrogens (B45, B48,
B51, S10, W4). In a series of eight oophorectomized patients subjected
to adrenalectomy, the mean daily output of total urinary estrogens was
reduced only from 6.7 pg to 4.3 pg, a fall which was, however, significant
(0.01 > P > 0.001). These rather surprising findings were ascribed to
the unreliability of the assay method at these levels (B43). Some workers,
over a period of years, found that the number of patients still excreting
detectable amounts of estrogens after adrenalectomy decreased, and
ascribed this to increasing skill of the surgeons (B54). When the more
sensitive method for measuring estrone (Method C, Section 3.6.3) was
applied to the problem, the majority of adrenalectomized patients were
found to be excreting less than 0.1 pg estrone per 24 hours, but three out
of sixteen were excreting approximately 0.2 pg/24 hr, which should have
been measurable with some reliability by the method (B38). Corticotro¬
pin (ACTH) was administered to a number of adrenalectomized patients
to determine whether residual adrenal tissue was the source of this

estrogen. As no increase in estrogen output could be detected under this
stimulus, it was inferred that normal adrenal tissue was not implicated
(B43, S10). However, this test has been criticized on the grounds that
the patient's own ACTH output would be increased after the operation
and any remaining adrenal tissue would be under maximum stimulation
and therefore could not respond further to additional ACTH (B45).

No correlation between any of these findings and the progression of
the disease could be found, although one group of workers claimed that
there is a tendency for remission to be accompanied by low or zero ex-
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cretion of urinary estrogens and for relapse to be associated with higher
levels of excretion (B48).

(c) Hypophysectomy. A study of urinary estrogen excretion before
and after hypophysectomy has been reported in fifteen postmenopausal
or oophorectomized patients with metastatic breast cancer (B49). Two
of these had already been adrenalectomized, and no estrogens were de¬
tected in the urine before or after hypophysectomy. All the other patients
were excreting estrogens before the operation. Hypophysectomy abol¬
ished the excretion in seven of these, and all had remissions of their
disease. The results were variable in the other six, the estrogen output
being decreased in some and increased in others, presumably because
removal of the hypophysis had been incomplete; of these six patients
only two benefited from the operation. Another finding was that the
patients who responded well were excreting the smallest amounts of
estrogens before the operation. These results indicate that urinary estro¬
gen determinations might be of value in determining the completeness
of hypophysectomy.

(d) Estrogen and androgen therapy. No results have been reported on
estrogen excretion following therapy with synthetic estrogens. This is
because the metabolic products of the synthetic estrogens interfere in
the assay methods at present available (see Section 3.5).

However, numerous reports have appeared on the effect of androgen
therapy on estrogen excretion (B12, Nl, W3). Increases in the excretion
of all three estrogens occur during the administration of testosterone,
testosterone propionate, testosterone oenanthate and dehydroepiandros-
terone acetate. This is a true conversion of the androgen to estrogen, the
rate being approximately 0.03%. On a dose of lOOmg/day, which is
commonly used in these patients, the increase in total urinary estrogens
may amount to 30 pg/day or more. These represent considerable levels
of estrogens which cannot be ignored when assessing the effects of the
androgen administered.
4.4.2. Cancer of the Prostate

Urinary estrogen excretion was measured in a group of 18 men aged
66-81 years with untreated prostatic cancer, and in a control group of
22 hospitalized men of comparable age who did not have cancer of the
prostate (B52, B53). There were no differences between the two groups
either in the total amounts of estrogens excreted (range 2-18 ug/24 hr)
or in the proportion of one estrogen to another. However, there was a
tendency for the estrogen output to decrease with increasing age (cor¬
relation coefficient r was —0.46, P < 0.01). Estrogen excretion was also
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determined in a group of eight patients before treatment by surgical
castration (3 cases) or before commencing therapy with synthetic es¬
trogens (5 cases); determinations were performed for 10 to 14 days
afterwards, and at intervals subsequently.

The administration of the synthetic estrogens interfered in the assay
of estradiol, and therefore estrone and estriol only were measured. Apart
from the transient rise immediately following surgical castration, the
estrogen levels fell on treatment and this was accompanied by regression
of the tumor. After approximately 6 months, however, the estrogen out¬
put generally rose once more to pre-treatment values. This rise was
usually followed some time later by renewed growth of the tumor. In
patients surviving for five years or more after treatment with synthetic
estrogens, the estrogen excretion was still lower than normal and re¬
mained low even when there was renewed activity of the tumor. A cor¬
relation therefore appears to exist between the growth of the tumor and
the output of urinary estrogens during the first 2 years of treatment but
not after 5 years.

4.5. Normal Men and Men with Coronary Disease

The higher incidence of myocardial infarction in men of all ages and
in women after the menopause, as compared with that found in women
of child-bearing age, suggests that lack of estrogens might play an im¬
portant role in the onset of this disease (01). This suggestion is further
supported by the observation that male South African Bantus, who fre¬
quently show signs of estrogenic changes, such as gynecomastia, are
relatively immune to coronary disease. Consequently, several South
African workers have compared the estrogen excretion of healthy Euro¬
pean men, European men with acute myocardial infarction, and Bantu
men (B19, B20). The results are summarized in Table 4.

Statistical analysis of the results showed differences (P = 0.005) be¬
tween the following groups. (I) In the healthy European group, the
output of all three estrogens was higher in the older age group. This was
especially marked in the estriol fraction. (2) Compared with healthy
Europeans of similar age, the men with myocardial infarction excreted
less estradiol, estrone, and total estrogens, but the same amount of
estriol. The proportion of estriol to total estrogens was therefore higher
in the group with myocardial infarction. (3) The total estrogen output
was higher in the Bantu than in the healthy European of comparable
age, the increase being confined entirely to the estradiol fraction. This
difference between Bantu and European men was also observed by other



natural estrogens 207

workers, and the conclusion has been reached that the Bantu is less
efficient in metabolizing estradiol than the European (B22).

TABLE 4
Urinary Estrogen Excretion by Healthy European Men, European Men with

Acute Myocardial Infarction, and Bantu Men®
(in p.g/24-hr urine)

Age
(yr) Estradiol Estrone Estriol Total

Healthy Europeans

/21) Ran§e(Al> Mean
20-48

31
0 -3.1

1.1
1.7- 9.8

4.3
0.6- 9.9

2.6
3.8-15.4

8.0

(20) Range
Mean

45-65
55

0.5-3.8
2.1

2.8-12.5
6.3

1.3-12.7
6.0

5.6-21.1
14.4

Myocardial infarction

(23) RangeMean
42-81

57
0 -2.5

0.7
0.6- 9.6

3.7
1.9-16.2

6.4
2.7-23.8
10.8

Bantus

(21) Range
Mean

20-45
31

0 -6.4
2.5

2.0-11.3
5.5

0.8- 6.4
3.5

5.0-21.0
11.5

° Figures in parentheses refer to the number of subjects studied. From Bersohn
and Oelofse (B19, B20).

Small doses of estradiol were administered to a group of healthy men
and a group of men with recent myocardial infarction (BIO). The sum
total of estradiol, estrone, and estriol recovered in the urine, as a per¬
centage of the dose, was the same in the two groups; however, the men
with myocardial infarction excreted relatively more of their urinary
estrogens as estriol than did the control group. This is in agreement with
the above findings for the excretion of endogenous estrogens. Similar
ratios of estriol to total estrogens have been observed in patients with
breast cancer (Section 4.4.1). The reason for these findings is obscure.

4.6. Liver Disease

The liver is the main organ in the body responsible for the metabolism
of the estrogenic hormones. Certain clinical conditions, such as gyne¬
comastia, testicular atrophy, and menstrual disorders commonly asso¬
ciated with liver disease, have therefore been ascribed to failure of the
liver to inactivate the estrogens normally produced in the body.

The output of urinary estrogens has been measured in twelve patients
with chronic liver disease (CI, C2). All had diffuse liver fibrosis and
evidence of functional damage, but none was moribund. Total estrogen
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excretion was abnormal in only two cases. These were men who were
excreting 42 and 35 pg/day; in one, the output of all three estrogens was
increased, in the other, only estriol was increased. However, four patients
were excreting higher proportions of estriol to total estrogens than
normal. No unconjugated estrogen was detected in the urine of any case.

Similar results were obtained in a comparison of the estrogen output
of a group of five men with cirrhosis of the liver and a control group of
ten healthy men (B22). Individual values were not reported, but as a
group, patients with cirrhosis excreted higher amounts of total estrogens
than the control group, and again, this increase was confined mainly to
the estriol fraction. The writer (unpublished observations) has also found
that the output of urinary estrogens may sometimes be increased in liver
disease and that this increase usually occurs in all three estrogen frac¬
tions. These findings are not in accord with the belief that estrogen
metabolism is impaired in these cases. In fact, the moderately diseased
liver seems to be even more effective in metabolizing estrogens than the
normal, at least in so far as the pathway to estriol is concerned.

4.7. Adrenocortical Tumors and Adrenocortical Hyperplasia

A raised estrogen output is a common finding in patients with adreno¬
cortical tumor and adrenocortical hyperplasia. For example, estriol levels
which were 3-60 times the normal were found in the urine of 10 children
and 3 young women with adrenal hyperplasia (El). The children ex¬
creted amounts which ranged from 6 pg/24 hr by a girl aged 3 months
to 113 pg/24 hr by a girl aged 2 years; the adults excreted from 61 to
125 pg estriol per 24 hours. In all cases, the estriol levels were markedly
decreased by treatment with cortisone or its analogs. Estradiol and estrone
were not measured. Four patients with adrenal carcinoma were studied
in another series (B41). One, a woman aged 18, was excreting amounts
of the three estrogens which were within the normal range for her age
and sex; the others, two males aged 7 and 24 and a woman aged 22, were
excreting 10-20 times the normal amounts. The writer has observed ex¬
cretion values as high as 64 pg estradiol, 614 pg estrone, and 640 pg
estriol per 24 hours in a male with a feminizing adrenal tumor; these
were reduced to normal values on removal of the tumor.

Provided allowance is made for a possible ovarian contribution, the
output of urinary estrogens appears to be a sensitive and reliable index
of abnormal adrenal function.
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4.8. The Effects of Anterior Pituitary Hormones on Estrogen
Excretion

4.8.1. Gonadotropins
Gonadotropins prepared from the pituitaries of sheep and pigs and

from the serum of pregnant mares have been administered to human
subjects, usually with discouraging results. The difficulties appear to
arise from species differences and from the formation of antibodies to
the hormone.

Human chorionic gonadotropin (HCG) was administered to a man
in doses of 50,000 international units per day (IU/day) for three days
(D3). This caused a fivefold increase in urinary estrogen excretion, the
rise occurring in all three estrogen fractions and amounting to approx¬
imately 60 pg total estrogen per 24 hours. HCG given to the same subject
after orchidectomy did not affect the output of urinary estrogens. The
testes were therefore the source of the estrogen produced under this
stimulation. Since estrogens continue to be excreted after orchidectomy
(Section 4.4.2), they must have a dual origin in normal men, namely,
the adrenals and testes. It is likely, but not certain, that the testes and
adrenals actually secrete estradiol and estrone; these estrogens may also
arise from the metabolism of androgens produced by these glands.

HCG has given disappointing results in the treatment of amenorrhea.
A gonadotropin which is highly potent when administered to humans
has been prepared from human pituitaries obtained at autopsy (G3).
This gonadotropin contains mainly follicle-stimulating hormone activity
and is termed human pituitary FSH. Experiments in which this hormone
and HCG were administered to seven young women with longstanding
amenorrhea have been reported (G3). The design of the experiment was
usually as follows: HCG was given alone at the rate of 6000 lU/day for
6 days; approximately one month later, 10 to 30mg/day of human
pituitary FSH was administered for 9 days, and during the last 2 days of
this treatment 6000 IU/day of HCG was also given, the HCG being con¬
tinued for a further 3 days. The occurrence of ovulation was determined
by endometrial biopsies, by urinary pregnanediol estimations, and by
culdoscopic inspection of the ovaries. In the six cases where HCG was
administered alone, ovulation occurred in two and was accompanied by
a fourfold rise in total urinary estrogen excretion to approximately 60
ug/24 hr; the estrogen output was doubled in two to approximately 25
pg/24 hr and was unchanged in the remainder. Human pituitary FSH
alone was administered to all seven subjects: increases in estrogen output
were observed in five; these increases occurred in all three estrogen
fractions and amounted to from five to seventy times the control levels,
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the highest value reached being 1400 pg total estrogen per 24 hours; no
case ovulated on this treatment. HCG was administered after the FSH
to five cases: ovulation occurred in four, and each time the estrogen out¬
put was increased still further, the highest value reached being 1000 pg
total estrogen per 24 hours; polycystic enlargement of the ovaries oc¬
curred in all cases. Human pituitary FSH is therefore able to stimulate
profuse follicular growth in the resting ovary and a great increase in the
output of estrogens. This output may reach 40 times the peak found
during the normal menstrual cycle. The ratio of the three estrogens found
in the urine under this stimulation was consistent with estradiol and/or
estrone being the primary estrogens produced by these follicles. How¬
ever, in addition to FSH, a gonadotropin with interstitial cell stimulating
hormone activity, such as HCG, is necessary to cause rupture of one of
the follicles and ovulation.

4.8.2. Corticotropin (ACTH)
Several groups of workers have administered ACTH to human subjects

and have reported increases in the excretion of urinary estrogens. Most
of these subjects were women with breast cancer who were undergoing
treatment by oophorectomy and adrenalectomy (Bll, B12, B26, B43,
S10, W4). The most consistent response was obtained by administering
a total of 60 to 200IU of ACTH by continuous intravenous infusion over
a 48-hour period. Ten women with intact adrenals, nine of whom had
already been subjected to oophorectomy, were thus studied (B43). The
increases in total urinary estrogen output amounted to between 36 and
204 pg with maximum daily values of 25 to 73 pg, which were 3-9 times
the resting output of these patients and equivalent to those found at the
ovulatory peak during the menstrual cycle. The maximum excretion of
urinary estrone and estradiol usually occurred on the second day of the
infusion, while that of the estriol occurred on the next day when the
infusion had been discontinued. From this, and the ratio of the three
estrogens found in the urine at this time, it was inferred that the primary
estrogens produced by the ACTH stimulation were the same as those of
the ovary and testis, namely estradiol and/or estrone. Since this rise
occurred in the absence of the ovaries and was abolished by adrenalec¬
tomy, it follows that the adrenals were the source of this estrogen. The
adrenal cortex, therefore, when suitably stimulated, is capable of se¬
creting as much estrogen as the ovary at the height of its activity during
the menstrual cycle. While the adrenals possess this large potential for
estrogen production, it is clear they produce only a small fraction of
their capacity under normal conditions.
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4.9. The Relationship between Urinary Estrogen Excretion and

Clinical Signs of Estrogenic Activity

4.9.1. The Histological Appearance of the Endometrium
The evidence that the histological appearance of the endometrium cor¬

relates with the urinary excretion of estrogens has been given in some
detail in Sections 4.2 and 4.3. This relationship has been summarized in
graphical form in Figs. 11 and 12 (B44). The subjects were divided into
two main groups according to whether the estrogen excretion remained
more or less constant from day to day (Type I) or whether marked pe¬
riodic fluctuations occurred (Type II). Each group was further sub¬
divided according to the histological appearance of the endometrium.
The estrogen levels found in each of these subdivisions, expressed as
micrograms total estrogens excreted per 24 hours, are summarized in
Figs. 11 and 12 (Fig. 12 incorporates the applicable features of Fig. 11).
Some overlap was found between the estrogen levels in each of the
subdivisions. This is not surprising when account is taken of variable
factors, such as the duration of estrogen output at the particular levels
and the sensitivity of the target organ to this stimulation. Nevertheless,
the degree of estrogenic stimulation of the endometrium can usually be
predicted with some accuracy from the figures for urinary estrogen ex¬
cretion, especially when these have been obtained over a period of sev¬
eral weeks.

4.9.2. Vaginal Cytology
The cellular pattern of the vaginal fluid has been compared with the

urinary output of the three estrogens in 53 premenopausal and post¬
menopausal women (Y1). Seventy-five observations were made, most of
them on random samples. Seven methods of grading the estrogenic re¬
sponse of the vaginal cells were used, and all of these gave results which
correlated with the amounts of estriol and total estrogens found in the
urine (correlation coefficient r = 0.33, P < 0.02). However, no such
universal correlation was obtained for estrone and estradiol excretion.
There was a considerable overlap in estrogen output from one group to
another, and the cellular pattern could not usually be predicted with
accuracy from the urinary figures.

Similar results were obtained by other workers (P4) who compared
the degree of cornification of the vaginal epithelium with the estrogen
excretion throughout the menstrual cycles of four women. Some correla¬
tion between the figure for total estrogen excretion and the state of the
vaginal epithelium was found during the follicular phase of the cycle,
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Fig. 11. Correlation between urinary estrogen excretion and endometrial pattern:
constant estrogen levels ( B44).

Fig. 12. Correlation between urinary estrogen excretion and endometrial pattern.
Values for the ovulatory menstrual cycle and cystic glandular hyperplasia (fluctu¬
ating estrogen levels) superimposed on the data given in Fig. 11 (B44).
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especially when the estrogen output was compared with the smear taken
two days later (correlation coefficient r = 0.32, P < 0.05). However no
such correlation was found during the luteal phase. These workers con¬
cluded that the determination of urinary estrogens (and pregnanediol)
gives a more reliable indication of ovarian function than can be obtained
from vaginal smears, particularly during the follicular phase of the cycle
when progestational effects are minimal.

The above relationships between urinary estrogen excretion and
clinical signs of estrogenic activity have been established only for women,
in whom the ovaries are the main source of estrogen. Similar studies have
not been attempted in patients with adrenocortical hyperfunction or
in men.

The apparent anomaly that normal men may excrete as much estrogen
as women during the first week of the menstrual cycle or during ano¬
vulatory cycles, and yet do not experience enlargement of the breasts,
indicates that androgens have an important effect on the response of
target organs to estrogenic stimulation.

4.10. Pregnancy

Large amounts of estrogens, especially of estriol, are excreted in the
urine during pregnancy. The measurement of these amounts is a relatively
simple matter, and reliable figures have been available for some time
(C5, Via). Furthermore, when estriol only is measured, the assay
methods can be greatly simplified, particularly by omitting the chroma¬
tography step, and the analysis of large numbers of specimens in a
routine laboratory then becomes a practical possibility.
4.10.1. Estrogen Excretion from the Last Menstrual Period to Term

Estrogen excretion during the first few weeks of pregnancy has been
recorded by several groups of workers (B34, B42, F6).

During the menstrual cycle in which pregnancy occurs, the estrogen
levels are very similar to those found during preceding cycles up to the
middle of the luteal phase, in that they show the ovulatory peak and the
subsequent luteal rise. However, instead of falling, as they do before the
onset of menstruation, they continue to rise, slowly at first, but more
rapidly about 7 weeks after the last menstrual period. This rapid rise in
estrogen excretion is probably due to a rapidly increasing production of
estrogens by the early placental cells which then replace the corpus
luteum as the major source of estrogens at this time. These events are
illustrated in Fig. 13, which shows the values for estrogen excretion
throughout four normal pregnancies plotted on a logarithmic scale so
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that all details appear on the one graph. Here the ovulatory peak and
subsequent rise is well shown. By about the seventh week, the total
estrogen output is greater than 100 pg/24 hr and is beyond the range
normally encountered in nonpregnant individuals. The estrogen output
continues to increase, rapidly until about the 20th week and then less
rapidly until delivery. The average estradiol and estrone levels at labor

Fig. 13. Excretion of estradiol, estrone, and estriol during pregnancy in four
subjects, and during the puerperium in one subject. Results are given on a logarith¬
mic scale (B34).

are approximately 500 and 1300 pg/24 hr, respectively, or 100 times
higher than those during the luteal phase of the menstrual cycle; urinary
estriol rises to an average value of 30,000 pg/24 hr or approximately 1000-
fold during this time (see Fig. 13). There is therefore a change in the
relative amounts of the three estrogens excreted in the urine as preg¬
nancy progresses, so that estriol accounts for 92 to 95% of the total
urinary estrogens at term. Since there appear to be no differences be¬
tween the estrogen metabolism of pregnant and nonpregnant individuals



NATURAL ESTROGENS 215

(P2), this unusual ratio has been ascribed to production of estriol itself
by the placenta (B35).
4.10.2. Estrogen Output during and after Labor

There is no indication from the urinary figures that a change in estrogen
production or metabolism is involved in the onset of labor. Following
delivery, the estrogen output falls rapidly, as would be expected from
the removal of the placental source and the rapid metabolism and renal
excretion of the remaining estrogens. The output of estradiol and estrone
reaches nonpregnancy levels within 5 days of delivery, but that of estriol
takes 25 days to reach the same levels. Throughout the amenorrhea which
accompanies lactation, the estrogen output remains less than 10 pg total
estrogen per 24 hours. Thereafter, the estrogen output increases until the
cyclical changes which occur during the menstrual cycle are re-estab¬
lished (B34).
4.10.3. Estrogen Excretion in Abnormal Pregnancies

Most of the results reported for estrogen output during abnormal
pregnancies have been obtained for estriol excretion only. The results of
700 such determinations in 24 normal and 92 disturbed pregnancies have
been reported (L3). In this series the normal range of estriol excretion
at the 30th week was 14,000-35,000 pg (mean 24,000 pg) and during the
last month was 19,000-40,000 pg/24 hr (mean 30,000 pg), values which
agree well with those shown in Fig. 13. Toxemic patients were sub¬
divided according to their blood pressure: all of those whose blood
pressure was greater than 160/100 excreted less than 12,000 pg estriol
per day at the 30th week, and the output did not increase as pregnancy
progressed; 58% of patients with blood pressures between 130/80 and
160/100, and 39% of patients with blood pressures lower than 130/80
excreted less estriol than normal. Judging from the outcome of these
pregnancies, estriol values below 15,000 pg/24hr during the last 6 weeks
were considered to be pathological, and when below 10,000 pg/24 hr, the
condition of the fetus was regarded as critical. The estriol output was
also correlated with the macroscopic and microscopic appearance of the
placenta at birth: the excretion tended to be low when the placenta was
small (less than 500 g) or when it showed evidence of marked degenera¬
tion and contained large numbers of infarcts. The conclusions drawn
from this investigation were that estriol excretion is a good measure of
placental function and an excellent guide to the condition of the placenta;
however, the day to day fluctuations in estriol output are so considerable
that little reliance can be placed on a single estimation, serial determina¬
tions being more meaningful.
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Similar results were obtained in another series which included 25

patients with pre-eclampsia who were studied during the last 6 weeks
of pregnancy (K2). These patients were subdivided as mild, moderate,
and severe: all the patients with mild pre-eclampsia excreted normal
amounts of estriol; three out of nine patients with moderate eclampsia
and all three patients with severe eclampsia excreted less than normal
amounts of estriol, the output of five of these being less than 10,000
ug/24 hr. The estriol output of another patient followed the normal
curve until the 28th week, when the output began to fall progressively
from 15,000 ug/24 hr to reach 10,000 ug/24 hr at the 34th week: hyper¬
tension developed at the 33rd week and accidental hemorrhage and neo¬
natal death occurred at the 37th week.

4.10.4. Estrogen Excretion in Twin Pregnancy
If estriol excretion is a function of placental weight, then an increased

output would be expected in twin pregnancies. Excretion studies on
twelve such cases have been recorded (K2). Strictly normal twin preg¬
nancies are not common. Some of the twelve subjects showed some
edema, and several had a modest hypertension. The group as a whole
excreted more estriol than the single pregnancies, approximately half
the values being above the normal range. The highest value encountered
in the series was 80,000 ug/day which was excreted during the 39th
week of pregnancy by a subject who was delivered of binovular twins
at the 40th week, the placentas weighing three pounds.

4.11. Estrogen Excretion in Childhood and Precocious Puberty

Estrogen determinations have not yet been performed on an adequate
number of children to determine the normal ranges found in childhood.
This is because of the obvious difficulties involved in collecting the 24-
hour specimens of urine and because the levels encountered are usually
below the sensitivity of available assay methods. On the other hand, the
estrogen fractions obtained from the urine of children contain minimum
amounts of Kober chromogenic impurities, and interference caused by
the taking of drugs is less common than in the older age groups.

A small series of 15 normal girls aged 3-10 years and a few older girls,
who had not yet menstruated, has been studied, together with eleven
cases of precocious puberty, the estrogen assays usually being performed
on random 24-hour samples of urine (B50). Of the 15 normal girls aged
3-10, only one, aged 7 years, was excreting detectable amounts of estro¬
gens in her urine; in this case the total estrogen output was 2.9 ug/24 hr.
The girls over the age of 11 years, who showed breast development and
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pubic hair, but who had not yet menstruated, were excreting measurable
amounts of estrogens (2.9-7.1 pg total estrogen per 24 hours). Precocious
puberty was diagnosed on the basis of vaginal bleeding, breast develop¬
ment, or growth of pubic and axillary hair. Of the eleven cases, three
whose ages ranged from 2y4 to years were not excreting detectable
amounts of estrogens, and none of these had experienced vaginal bleed¬
ing. Estrogens were detected in the urine of the remaining eight cases,
and all were experiencing periods of vaginal bleeding or started men¬
struating a short time after the investigation. The estrogen output tended
to increase with age, the lowest value of 1.8 pg/24 hr being found in the
youngest subject aged 13 months; two children, aged 10 and 11 years,
were excreting cyclical amounts of estrogens which were quantitatively
the same as those found during the menstrual cycle of older women.
Vaginal smears usually correlated with the increased estrogen output in
these cases. No statement was made regarding the sensitivity of the assay
method used, but these workers probably considered values below 1 pg
of estradiol and estrone, and 1.5 pg of estriol to be undetectable. Further
detailed information on this type of case awaits the development of
more sensitive assay methods. However, the results of this investigation
indicate that a very small output of urinary estrogen cannot be ignored
as being physiologically insignificant.

5. Blood Estrogens
5.1. Methods

5.1.1. Introduction

The color and fluorescence reactions at present available are not sen¬
sitive enough for measuring the very small amounts of estrogens present
in the blood of nonpregnant individuals; however, they are sensitive
enough for measuring estrogens in the blood of pregnant women during
the second and third trimesters, and in fetal blood. Two assay methods
have been developed for this purpose, one depending on fluorimetry,
the other on a micro-modification of the Kober color reaction (P3, Rl).
Both of these assay methods measure 17|3-estradiol, estrone, and estriol
with a satisfactory degree of reliability, and both are direct modifications
of the urinary methods developed by Preedy and Aitken (Section 3.5.3)
and by Brown (Section 3.5.1). The estrogens occur in blood in a variety
of forms which have been arbitrarily defined as "free," "protein bound,"
and "conjugated." Neither method is sensitive enough to measure each
form of each estrogen with any accuracy in the 10-20 ml of blood avail¬
able from an individual, and consequently both measure total amounts
of each estrogen. The maximum yields of these are obtained by diluting
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the blood or plasma with water, adding 15 volumes per cent of hydro¬
chloric acid, and boiling for one hour. The free estrogens are then ex¬
tracted with ether, and the estimation is continued as for urine. Only the
method of Roy and Brown will be described in detail here.
5.1.2. The Method of Roy and Brown for Measuring 17^-Estradiol, Es¬

trone, and Estriol in Pregnancy Blood
The method follows closely the urinary Method A described in Section

3.6.1, and in general the same chemicals, reagents, and glassware are
used. The impurities present in the final estrogen fractions are derived
largely from the solvents used for chromatography and from the oxida¬
tion of quinol rather than from the blood, and consequently there is no
advantage in applying the additional purification steps used in the urinary
Methods B and C. The main modifications to Method A are as follows:
smaller columns of alumina and smaller volumes of eluants are used for

chromatography; and the sensitivity of the Kober reaction is increased
10 times by using 1/10 the volumes of reagents and water and using the
same light path of 10 mm for optical density measurements.

Apparatus and reagents. Purification of the light petroleum and ben¬
zene has been attempted but without success. However, the ethanol
(absolute) is improved by standing over m-phenylenediamine for a week
and distilling three times, the second distillation being performed through
a fractionating column.

Chromatography is performed in 10-mm diameter, sintered-glass filter
tubes, porosity No. 3, 5 cm long, and sealed on to a reservoir of approx¬
imately 25 ml capacity. The estrogen fractions are eluted into 12 X 1/4
cm tubes, fitted at one end with a 14/35 socket for connection to the
evaporation apparatus and narrowed to a diameter of 10 mm at the other
for a length of approximately 10 mm. The Kober color reaction is
performed in this narrowed section of the tube.

Optical densities are measured in a spectrophotometer using micro-
cells with a light path of 10 mm and a capacity of 0.3 to 0.5 ml. Standard
estrogen and estrogen methyl ether solutions contain 1 ug/ml in ethanol.

The Method in Detail. Four determinations (2 in duplicate) are
usually performed at one time. Slightly more than 20 ml of blood are
collected by venipuncture into tubes containing 50-60 mg sodium oxalate
to prevent clotting. Blood is stored at 4°C and processed within 2 to 3
days of collection. Laking or clotting reduces the precision of the assay.

Hydrolysis, extraction, and methylation. Whole blood (10 ml) is di¬
luted to 200ml with water, concentrated HC1 (30 ml of 11 N) is added,
and the mixture is boiled under reflux for one hour. After cooling under
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running water, the hydrolyzed blood is extracted once with 200-ml and
twice with 100-ml volumes of ether, care being taken not to shake too
vigorously. Emulsions form during each extraction. The emulsion formed
during the first extraction is centrifuged at 2000 rpm for 20 minutes, when
it separates into three layers. The ether and aqueous layers are decanted
separately, and the layer of dark brown material is discarded (separation
into layers is facilitated if the hydrolyzed blood has been kept at 4°C
overnight before extracting with ether). The emulsions formed during
the second and third extractions usually break if shaken vigorously after
the aqueous layer has been run off.

The ether layers are combined, and the method is continued exactly
as for Method A, the ether extract being subjected to the "alkali treat¬
ment plus carbonate washes of pH 10 to 10.5," then washed with sat¬
urated NaHCO^ solution, then water, and finally evaporated. The residue
is dissolved in ethanol (1ml) and transferred to a separating funnel
with benzene (25 ml) and light petroleum (25ml). This solution is ex¬
tracted with two 25-ml volumes of water, which extracts the estriol
fraction, and then with two 25-ml volumes of 1.6% NaOH, which ex¬
tracts the estradiol-estrone fraction. Emulsions are produced with the
NaOH, but these separate on standing for 10 to 20 minutes. The layer of
interfacial solid which forms at this stage is discarded. The estriol frac¬
tion and the estradiol-estrone fraction are each collected into 100-ml

stoppered conical flasks containing 0.9 g of boric acid powder. Sodium
hydroxide (4 ml of 20%) is added to the estriol fraction, and both frac¬
tions are methylated as in Method A.

After the addition of hydrogen peroxide (2.5 ml of 30%) and NaOH
(10 ml of 20% ), the methylated estriol fraction is extracted with benzene
(25ml), and the methylated estradiol-estrone fraction is extracted with
light petroleum (25 ml), the solvents being used first to rinse the cor¬
responding methylation flasks. The benzene and light petroleum extracts
are washed twice with two 5-ml volumes of water, and the water is
drained off as completely as possible.

Chromatography. The estradiol-estrone methyl ether fraction. A column
is prepared by pouring 0.7 g of standardized deactivated alumina (see
Section 3.6.4) into a chromatogram tube partly filled with light petro¬
leum. The alumina is allowed to settle, and a protective 5-mm layer of
sand is added. The light petroleum extract containing the estradiol-
estrone methyl ethers is applied to the column, care being taken not to
transfer any droplets of water with it. When all the light petroleum has
percolated through, the column is eluted first with 4 ml of 25% benzene
in light petroleum, which is discarded; it is then eluted with 10 ml of
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40% benzene in light petroleum; the first 7 ml of this eluate contains the
estrone methyl ether and is collected, the last 3 ml is discarded. The
column is then eluted with 5 ml of benzene; the eluate contains the
estradiol methyl ether and is collected.

The estriol methyl ether fraction. The estriol methyl ether fraction in
benzene is similarly applied to another column of alumina (0.7 g) pre¬
pared in benzene. When all the benzene has percolated through, the
column is eluted with 3 ml of 1.4% ethanol in benzene, the eluate being
discarded; the column is then eluted with 7 ml of 2.5% ethanol in ben¬
zene, the eluate contains the estriol methyl ether and is collected. Frac¬
tions from fetal blood contain relatively large amounts of estriol and
suitable aliquots are required for colorimetry, or preferably the "macro"
Kober reaction described for urine (Section 3.6.1) is used.

These volumes of eluants may require slight adjustment for different
batches of alumina so that adequate safety margins are maintained.

Evaporation of solvents. Quinol (0.5mg) in ethanolic solution (0.05
ml of 1%, w/v) and a small piece of clean porous tile or alundum are
added to each eluate and to appropriate blank tubes. The solutions are
evaporated in an atmosphere of nitrogen, the rate being controlled by
applying a partial vacuum from a water pump (see Section 3.6.5, Note
12 and also Section 3.6.3). When a few milliliters of solvent remain, the
tubes are raised in the water bath so that the remainder distills slowly
and the residue collects in the narrow end of the tube. Finally, all traces
of solvent are removed by allowing the tubes to stand for a few seconds
in the boiling water bath under full vacuum from the pump. The tubes
are then allowed to cool under a stream of nitrogen. Any possible con¬
tamination with dust particles, etc. at this stage should be excluded by
using scrupulously clean glassware and keeping the tubes covered.

Color development and colorimetry. After evaporation, 0.3 ml of the
appropriate Kober reagent is added to each tube and to the correspond¬
ing blank tubes. The reagent is made to flow over the lower walls of the
tubes to dissolve the visible residue. The tubes are then heated for 20
minutes in a boiling water bath, the contents being carefully mixed once
during the first 5 minutes of heating. They are then cooled for approx¬
imately 10 minutes in a bath of cold water, and 0.1 ml of water is added
to the estriol tubes, 0.05 ml to the estrone tubes, and 0.02 ml to the
estradiol tubes. The contents are carefully but thoroughly mixed, and
the tubes are heated for a further 10 minutes in the boiling water bath.
They are then cooled again in cold water for approximately 10 minutes.
Optical densities are measured against similarly treated reagent blanks
at the wavelengths given for Method A, and the amounts of estrogen
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present are calculated from the corrected optical density readings and
the appropriate standard calibration graph (Table 2).

Reliability of the method. 1. Accuracy. When 0.05 to 0.4 pg of each
estrogen is added to 10 ml of blood after hydrolysis, the amounts re¬
covered are between 50 and 75%. When added before hydrolysis, the
recoveries were 11-18% lower. These recoveries from blood are lower
than those from urine, and the scatter of results is considerably greater.
Attempts to improve these figures were unsuccessful. The losses appear
to be due to adsorption on to the partly hydrolyzed protein, to inter¬
ference in partition coefficients by the blood lipids, and to the mechanical
difficulties caused by the emulsions and interfacial solids which are pro¬
duced during the procedure.

2. Precision. When the levels are below 5 pg/100 ml of blood, the
estimate of the precision "s" is 0.1-0.23 pg/100ml for the three estrogens.
The figure for "s" increases with increasing estrogen concentration.

3. Sensitivity. The sensitivity of the method calculated from the pre¬
cision figure "s" for duplicate determinations and P = 0.05 is as follows:
the lowest amount distinguishable from zero is estradiol 0.15 pg, estrone
0.3 pg, and estriol 0.3 pg/100 ml blood; the lowest amount which is meas¬
ured with an accuracy of ± 25% is estradiol 0.55 pg, estrone 1.3 pg, and
estriol 1.3 pg/100 ml blood.

4. Specificity. When the method is applied to urine, the final fractions
contain relatively large amounts of Kober chromogenic impurities. Such
impurities are practically absent when the method is applied to blood,
and this fact confers a high degree of specificity on the results obtained.
The impurities which are present are derived mainly from sources other
than the blood, their effects being exaggerated by the small volumes
used in the micro Kober reaction. Experiments with "pure" solutions and
blood from non-pregnant individuals show that, when allowance is made
for the estimated precision of the method, the wavelength absorption
curves of the colors produced by these impurities are linear over the
range 480-560 mp. Therefore the spectrophotometry correction is a valid
procedure for eliminating interference by these impurities.

5.2. Blood Estrogen Levels during Pregnancy and in the Fetus

The values reported for blood estrogen levels in the pregnant women
and in the fetus are summarized in Table 5 and Fig. 14. The results
shown in Table 5 were obtained by the method of Preedy and Aitken and
refer to plasma levels found between the 38th and 42nd weeks of normal
pregnancy, during labor, and during Caesarian section. A wide variation
was found in estrogen levels of different individuals. There were no
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significant differences between the maternal plasma estrogen levels
during the last few weeks of pregnancy and those during labor, a finding
which shows that the onset of labor is not associated with major changes
in plasma estrogen concentrations and that the placenta is a fully func¬
tional endocrine organ at the time of its removal. The estrone and estriol
levels in maternal plasma at Caesarian section were somewhat higher
(P < 0.01) than during normal labor, a difference which is inexplicable
at present.

TABLE 5
Estrogen Levels in Maternal and Fetal Plasma

(in ng/100 ml plasma)

No 0f Range of results and means0 Refer-
cases Estradiol Estrone Estriol Total ences

Maternal collection

38 to 42 weeks of

pregnancy 6 1.3-2.9 2.7-10.3 4.3-17.5 8.2-23.8

(1.9) (6.5) (9.5) (17.9)
Normal labor 5 0.6-3.7 3.4-17.8 15.3-19.8 25.1-40.3

(2.2) (12.0) (17.8) (32.0)
Caesarian section 5 1.6-3.7 12.8-43.0 18.4-41.6 32.8-72.0

(2.8) (26.6) (24.4) (53.8)

Fetal

At birth
Normal 7 0.2-0.8 1.0- 6.1 58.5-229 62-236

(0.5) (3.6) (129) (133) (A4)
Caesarian section 4 0.2-1.3 0.9- 3.2 61.5-190 64-194

(0.6) (2.2) (141) (144) (A4>
a Figures in parentheses refer to means.

The estriol levels in fetal plasma are very much higher than in ma¬
ternal plasma, and the estradiol and estrone levels are somewhat lower.
This indicates that the fetus is capable of rapidly metabolizing estradiol
and estrone to estriol, which is in accord with the findings of other
workers (D4, D6). The increase in the proportion of estriol to estrone
and estradiol in the maternal urine as pregnancy progresses might also
be a reflection of the fetal metabolism of placental estrogens (A4).

Figure 14 shows preliminary results of blood estrogen determinations
made by the method of Roy and Brown in a group of 15 normal women
from the 12th to the 32nd week of pregnancy and on random specimens
collected from the 36th week until the end of pregnancy (K2). Only
mean values of total estrogens are shown, and although there were wide
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variations in the levels found in different subjects, the mean values rose
steadily throughout pregnancy. The fall at the 40th week may not be
significant when the full series is studied. The blood levels found during
the last month of pregnancy were approximately half those for plasma
given in Table 5. As most of the estrogens are present in the plasma and
only a small amount is in the red cells (M15, Wl), there is therefore

16 20 24 28 32 36
week of prfc,nancy

Fig. 14. Blood estrogen levels during pregnancy, showing the mean figures for
"total" estrogens (estradiol, estrone, and estriol) obtained from serial determinations
on 15 normal pregnant women up to the 32nd week and from random determina¬
tions on other normal pregnant women at the 36th and 40th weeks (K2).

good agreement between the results obtained by the two assay methods.
Blood estrogens were also measured in 16 women suffering from pre¬

eclampsia between the 30th and the 41st week of pregnancy (K2). The
results obtained showed the same wide variation, and generally fell
within the same range as the normal. However, the highest value found
in any of the pregnant women studied was 31 ug/iOO ml from a patient
with severe pre-eclampsia but with a normal urinary output. These pre¬
liminary results indicate that the determination of total blood estrogens
is unlikely to be a useful measure of placental function.
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6. Concluding Comments
This review has been concerned mainly with the estimation of the

various estrogens found in urine and with the clinical significance of the
results obtained. Consequently, in the description of the estrogens, the
emphasis was on the properties which may be useful for separating and
measuring them; in the discussion of the metabolism of the estrogenic
hormones the emphasis was on the quantitative relationship between the
urinary estrogens and the primary hormones produced in the body. The
basic procedures which have been employed for separating and meas¬
uring three of the urinary estrogens, 17(3-estradiol, estrone, and estriol
have been discussed. The analytical methods which have been developed
recently for measuring these three estrogens have been described, some
in complete working detail, together with the evidence for their re¬
liability and their limitations. The main aims in the results section have
been to show that determinations of 17(5-estradiol, estrone, and estriol in
the urine can, in certain conditions, provide the clinician with valuable
information and also to describe the contribution these analyses have
made to our knowledge of various endocrinological processes and in
particular the processes involved in the build-up of the endometrium,
ovulation, and the onset of menstrual bleeding.

It might be useful to emphasize again that results of single assays per¬
formed on random samples of urine may often be misleading. The assay
methods used to obtain most of the data reported here are too elaborate
to be employed for the occasional determination in a routine clinical
laboratory; they should only be undertaken in a well-equipped laboratory
devoted to the purpose. However, now that the value of these assays is
established, there is a need for simplification of techniques so that they
may become more universally available.
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CHAPTER 4

OESTROGENS IN THE HUMAN FEMALE

J. B. Brown

Introduction

The natural oestrogens are steroids which are closely related chemic¬
ally to oestrone. At least 12 such compounds have been isolated from
human sources, and all of these possess oestrogenic activity to a
greater or lesser degree, oestradiol being the most potent. These
compounds should be distinguished from other substances possessing
oestrogenic activity such as the plant product genistine and the
synthetic oestrogen stilboestrol, which are not steroids, and from
synthetic derivatives of the natural oestrogens such as 17a-ethinyl-
oestradiol which do not occur naturally but which have been modi¬
fied chemically so that they are not readily metabolized by the
normal processes.

The ovaries are the chief source of oestrogens in nonpregnant
women during the child-bearing age, the major oestrogen produced
being oestradiol together with lesser amounts of oestrone. Oestradiol
is usually considered to be the primary oestrogenic hormone of the
ovary but it is always accompanied by oestrone. The other natural
oestrogens are metabolic products of oestradiol and oestrone.
Oestradiol and oestrone are secreted into the blood and circulate to

the various target organs. One of the essential features of the hor¬
mone mechanism is that, once the hormone has had its biological
effect, it should be destroyed so that the target organ is free to
respond to the next wave of hormone elaborated. This inactivation
is effected mainly by the liver and the products are excreted mainly
in the urine, with lesser amounts in the faeces. Inactivation of
oestradiol and oestrone proceeds by at least two routes. The first is
direct conjugation, mainly with glucuronic acid, to water-soluble
metabolites which are readily excreted into the urine: uncon¬
jugated oestrogens are not similarly excreted by the kidneys. The
second is conversion to more highly oxygenated derivatives which
are less active biologically, and these are then conjugated and
excreted in the urine: the other natural oestrogens belong to this
group, the most important being oestriol.

These processes are illustrated schematically in Figures 1, a and b,
and 2. The structural formula of sodium oestriol glucosiduronate
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INTRODUCTION

OH

17B-oestradiol=^Oestrone

I

Faeces 10% Urine 65%

Figure 2

(oestriol glucuronide) is also shown (Figure lb), the linkage to the
glucuronic acid molecule being orientated in the /3-position.

Much information on oestrogen production has been derived
from measuring the output of metabolic products in the urine. The
relationship between the output of metabolite in the urine and the
amount of primary hormone secreted in the body can be determined
by administering a dose of the hormone and measuring the fraction
of this which is excreted in the urine as the metabolite. The endo¬

genous production of the hormone (the ' secretion rate ') can then
be calculated by dividing the urinary output of metabolite by this
fraction. The fraction varies considerably from subject to subject.
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Individual secretion rates are most accurately determined by using
isotopically labelled hormones for the administered dose, since this
enables the metabolites derived from both endogenous and ad¬
ministered hormone to be distinguished at the one time. However,
the use of radioactive tracers and the labour involved prevents the
universal application of this procedure.

Convenient chemical methods have been available for some time
for measuring 3 of the oestrogen metabolites in urine, (conjugated)
oestrone, oestradiol and oestriol (Brown, 1955; Bauld, 1956;
Brown, Bulbrook and Greenwood, 1957). When small doses of
oestradiol (or oestrone) were administered to human subjects, an
average of 6-8 per cent of the dose appeared in the urine as oestrone,
2 per cent as oestradiol and 7-2 per cent as oestriol, or 16-0 per
cent as the sum of the 3 (Brown, 1957). These figures can be used for
calculating the secretion rate of oestradiol from any one of the
urinary oestrone, oestradiol or oestriol figures. In the average case,
the three calculations should each give the same result. However, in
the individual case, to allow for variations in the relative proportions
of oestrone, oestradiol and oestriol excreted, a better estimate is ob¬
tained by multiplying the sum total of the 3 oestrogens by the factor
100/16 or approximately 6. This has been the method used in cal¬
culating the secretion rates given in this chapter, although it should
be realized that the factor ' 6 ' is an average figure only.

Oestrogen Production During the Normal Menstrual Cycle
A characteristic pattern of oestrogen production is found during

the ovulatory menstrual cycle. This pattern is illustrated in Figures 3
and 4. Figure 3 shows the composite results for the daily urinary out¬
puts of oestrone, oestradiol and oestriol by 16 women throughout
their menstrual cycles, and Figure 4 shows the mean daily ovarian
secretion of oestradiol calculated from the values given in Figure 3.
The output of oestrogen is lowest during the first week of a 28-day
cycle and may reach the values found in post-menopausal women.
It then rises during the second week to a well-defined peak (the
'

ovulatory peak '), falls and rises again to a second maximum (the
' luteal maximum ') which is usually lower than the ' ovulatory peak'
and in some women may be ill-defined. During the last few days of
the cycle the oestrogen output falls and menstruation occurs at this
time. Ovulation is always associated with a rise and fall in oestrogen
production, i.e. the ' ovulatory peak '. The time interval between
the last menstrual bleeding and this peak (the follicular phase) may
vary considerably, but between the peak and the next menstrual
bleeding (the luteal phase), the time interval does not vary more
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Figure 3. Mean, maximum and minimum levels ofurinary oestrone,
oestradiol and oestriol excreted by 16 women aged 18-41years with
normal menstrual cycles. The time between the onset of bleeding
{day 1) and the ovulatory peak varied from 10 to 18 days {mean
13 days) and between this peak and the onset of the next menstrua¬
tion, from 12 to 16 days {mean 14 days). Curves were constructed
by superimposing individual curves in such a way that each of the
ovulatory peaks coincided with day 13 of the composite curves. In
this and later figures, ■■■ = menstruations {after Brown, 1959)
(Reproduced by courtesy of the Editor, J. Obstet. Gynaec., Bril. Emp.)

than from 10 to a maximum of 16 days (mean 14 days). Because
of the difficulty in pin-pointing the time of ovulation, the exact time
relationship between ovulation and the mid-cycle peak of oestrogen
production is still in doubt, but circumstantial evidence indicates
that they are very closely related in time. The day of the oestrogen
peak and the day following appear to be the time of maximum
fertility during the cycle, as shown by successful insemination in
subfertile couples performed at this time (Brown and Matthew,
1962). The drop in oestrogen production after the peak has not been
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Figure 4. Oestrogens secreted in the body during an ovulatory menstrual
cycle, expressed as oestradiol and/or oestrone in leg124 hours. Figures were
calculatedfrom the average 24 hour urinary excretion ofoestrone, oestradiol
and oestriol measured during 11 menstrual cycles. Sum total secreted during

the cycle was 4-8 mg (after Brown, 1957)
(Reproduced by courtesy of the Editor, J. Endocrinol.)

explained, but the subsequent rise and fall (the ' luteal maximum ')
is associated with the growth and regression of the corpus luteum.

Relationship between Oestrogen, Pregnanediol and Gonado-
trophin Excretion, and Basal Temperature During the Men¬
strual Cycle

The rise in oestrogen production which culminates in the ' ovu¬
latory peak ' is the first sign of increasing ovarian activity during the
menstrual cycle. This is followed by a rise in urinary gonadotrophin
which reaches a maximum either at the time of the oestrogen peak
or 1-4 days later. This gonadotrophin peak may be transient or
absent. The rises in urinary pregnanediol and basal temperature
occur 2-3 days after the oestrogen peak at the commencement of
the second rise in oestrogen output. Monophasic temperature
records have been observed during ovulatory menstrual cycles
(Brown, Klopper and Loraine, 1958).
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Oestrogen Blood Levels During the Menstrual Cycle
In nonpregnant individuals the amounts of oestrogens in the blood

are so low that they can hardly be detected by current methods.
However, the few figures available indicate that the clearance rates
by the kidney are the same in the nonpregnant as in the pregnant
woman, and during the menstrual cycle the blood values rise and
fall in parallel with the urinary values.

At the time of the ovulatory peak of oestrogen production, the
concentration of oestrone in the blood is of the order of 0-1 /ig per
100 ml, but the values for oestradiol and oestriol are too low to be
measured (Roy 1962).

Oestrogen Production Following Fertilization and During
Pregnancy

During the cycle in which pregnancy occurs, the oestrogen levels
are very similar to those found during an ordinary cycle up to the
middle of the luteal phase, in that they show the ovulatory peak and
subsequent luteal rise. However, instead of falling, as they do before
the onset of menstruation, the levels continue to rise, slowly at first,
until about 7 weeks after the last menstrual period, when they rise
more rapidly. This rapid rise in oestrogen output is probably due
to a rapidly increasing production of oestrogens by the early pla¬
cental cells, which then replace the corpus luteum as the major
source of oestrogens at this time. Figure J shows the urinary oestrogen
excretion during an ordinary cycle and a cycle which was inter¬
rupted by pregnancy, and Figure 6 shows the values for oestrogen
excretion throughout 4 normal pregnancies plotted on a logarithmic
scale so that all details appear on the one graph. By about the
seventh week, the total urinary oestrogen output is greater than 100
/xg/24 hours, and is beyond the range normally encountered in non¬
pregnant individuals. The oestrogen output continues to increase
rapidly until the onset of labour, at which time the average oestrone
and oestradiol levels are approximately 1,300 and 500 ju.g/24 hours,
respectively, or 100 times those found during the luteal phase of the
menstrual cycle, and the average oestriol levels are 30,000 /xg/24
hours or 1,000 times those of the luteal phase. There is thus a change
in the relative amounts of urinary oestrone and oestradiol to oestriol
as pregnancy progresses, from a ratio of approximately 1 -0 : 0-3 : IT
during the menstrual cycle, to TO : 0-4 : 22 at the end of pregnancy.

This change in urinary ratios is not due to a changed maternal
metabolism of oestrogens since isotopically labelled oestradiol ad¬
ministered to a pregnant woman is metabolized and excreted in
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occurred, and early pregnancy (after Brown, 1956)
(Reproduced by courtesy of the Editor of Lancet)

exactly the same manner as by a non-pregnant subject (Fishman
and colleagues, 1962). These tracer studies showed that the secretion
rates of the precursors reaching the maternal system during the
third trimester were much higher (160 mg/day) when calculated
from the urinary oestriol figures than when calculated from the
urinary oestrone and oestradiol figures (10 mg/day). Therefore, in
the pregnant woman the precursor of the urinary oestriol cannot be
oestradiol and oestrone alone as in the non-pregnant subject, but is
probably a mixture of oestrone, oestradiol and oestriol, with the
proportion of oestriol increasing as pregnancy advances. This mix¬
ture reaches the mother from the foetal circulation via the placenta.
Whether the oestriol is synthesized as such by the placenta or
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Weeks after L.M.P.

Figure 6. Urinary excretion of oestriol, oestrone and oestradiol during pregnancy in 4 subjects
and during the puerperium in subject 8 (after Brown, 1956)

(Reproduced by courtesy of the Editor of Lancet)

whether it is produced from placental oestrone and oestradiol by
metabolism within the foetal system, has yet to be determined. If the
assumption is made that the placenta is producing oestriol as well
as oestrone and oestradiol, the secretion rates of these 3 oestrogens
by the placenta can be calculated from the maternal urinary figures.
The results of such a calculation are shown in Figure 7, which also
includes values for the weight of the placenta at various times during
pregnancy. The increase in placental weight exactly parallels the
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Weeks after L.M.P

Figure 7. Scatter-diagram of values for placental secretion of oestrone plus
oestradiol plus oestriol throughout 4 normal pregnancies, calculated from the
urine values given in Figure 4. Superimposed is a line fitting the mean weights of

placentae found at various times during pregnancy (after Brown, 1957)
(Reproduced by courtesy of the Editor, J. Endocrinol.)

calculated values for the increasing output of oestrogens, indicating
a close correlation between the two. It would be expected, therefore,
that the measurement of oestrogen excretion in the maternal urine
would provide a useful estimate of placental function.

Oestrogen Excretion in Toxaemia of Pregnancy and Intra¬
uterine Foetal Death

Numerous investigators have demonstrated that the output of
urinary oestrogens is decreased in toxaemia of pregnancy, the dimi¬
nution being proportional to the severity of the condition. Thus
Lenters (1958) showed that oestriol output correlated with the
macroscopic and microscopic appearance of the placenta at birth,
the excretion tending to be low when the placenta was small or
when it showed evidence of marked degeneration and contained
large numbers of infarcts. Judging from the outcome of toxaemic
pregnancies, Lenters considered that the condition of the foetus
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should be regarded as critical when the oestriol values during the
last 6 weeks of pregnancy were less than 10,000 fig/24 hours, par¬
ticularly when they were still decreasing. The conclusion can there¬
fore be drawn that oestrogen excretion is a good measure of placental
function and can be used as a useful guide to the condition of the
placenta and the prognosis of the pregnancy.

As at normal delivery, oestrogen output falls dramatically with
intra-uterine foetal death. Frequently the fall begins some time be¬
fore foetal death occurs, indicating the deterioration taking place in
the placental-foetal unit. Thus in a case of severe toxaemia reported
by Coyle, Greig and Walker, (1962), the maternal urinary oestrogen
output at 31 weeks of pregnancy was 5,300 /xg/24 hours oestriol,
118 /n.g/24 hours oestrone and 30 /xg/24 hours oestradiol, all of which
are much lower than normal: these values fell steadily to 1,200 fig
oestriol/24 hours, 47 fig oestrone/24 hours and 18 /ig oestradiol/24
hours at 34 weeks, when foetal death occurred, and then precipi¬
tately, reaching for example, 480 jixg/24 hours oestriol, 18 /xg/24 hours
oestrone and 0 /xg/24 hours oestradiol 3 days later; 9 days after this
a macerated foetus weighing 2 lb. 10 oz. was delivered. Abnormally
low and rapidly falling levels of urinary oestrogens are therefore a
characteristic of intra-uterine foetal death and can be used for

diagnosis in doubtful cases. Some workers have further claimed that
they can differentiate between foetal death due to primary placental
failure and death due to other causes by the rate of fall of urinary
oestrogens. However, from the work of Cassmer (1959) it seems
that the placenta and foetus are completely interdependent in the
production of oestrogens, and that such a positive differentiation is
unlikely.

Blood Oestrogen Levels During Pregnancy
The average concentrations of oestrone, oestradiol and oestriol

found in the blood of 10 women from the twelfth week of pregnancy
until term are shown in Figure 8. During this time, the concentrations
per 100 ml. blood rise from 0-4 fig oestrone, 0-05 fig oestradiol and
0-2 fig oestriol to 5-4 fig oestrone, 1-2 fig oestradiol and 9-7 fig
oestriol. Roy and Mackay (1962) showed that these increases
closely parallel the increases in the urinary oestrogens. However, the
relative concentrations of the three oestrogens in urine are markedly
different from those in blood. For example, at 40 weeks the mean
ratio of oestrone: oestradiol: oestriol in the urine is 1-0 : 0-4 : 22,
while in blood it is 1-0 : 0-3 : 1-9. These figures imply that oestriol is
being cleared by the kidney at a rate which is approximately 12
times that of the oestrone and oestradiol. However, only conjugated
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oestrogens are found in urine, whereas the oestrogens being measured
in blood are partly in the free state, partly conjugated and partly
bound to protein. The conjugated fraction in blood is therefore the
one involved in calculating renal clearances. These different ratios
probably reflect different proportions of conjugated to free and pro¬
tein-bound oestrone, oestradiol and oestriol in the blood, rather than

16 20 24 28 32 36 40

Duration of pregnancy weeks
Figure 8. Blood oestrogen concentrations during pregnancy,
showing the meansfor ten women (after Roy and Mackay, 1962)
(Reproduced by courtesy of the Editor, J. Obstet. Gynaec., Brit. Emp.)

real differences in clearance rates. In contrast to some of the other
steroid hormones, Roy and Mackay were unable to demonstrate a

daily or diurnal variation in blood oestrogen levels.

Oestrogen Output During Labour
No definite change in oestrogen output has been demonstrated

either immediately before or during labour. There is therefore no
support for the view that a sudden change in oestrogen production
or metabolism is responsible for the onset of labour.
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Oestrogen Excretion During the Puerperium, Lactation and
the Re-establishment of Menstruation

Following delivery, the oestrogen output falls rapidly, as would be
expected from the removal of the placental source and the rapid
metabolism and renal excretion of the oestrogens remaining in the
body. The urinary output of oestrone and oestradiol reaches non-
pregnancy levels within 5 days of delivery, but that of oestriol takes
2-3 weeks to reach the same levels, presumably because the initial
levels are higher and there is greater protein binding. Thereafter,
during the period of lactation amenorrhoea, the oestrogen output
remains low, the ' total ' urinary values being less than 10 p.g/24
hours which indicate that the ovaries are quiescent during this time.
Some time before the onset of the first menstrual bleeding, ovarian
activity resumes, the oestrogen output rises and the cyclical changes
which occur during the menstrual cycle are re-established. These
events are illustrated in Figure 9.
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Figure 9. Urinary excretion of oestriol, oestrone and oestradiol during lactation and until the
onset of regular menstruation. Pregnanediol was measured and variations in basal temperature

were recorded during the 3 ovarian cycles (after Brown, 1956)
(Reproduced by courtesy of the Editor of Lancet)

Relationship between Oestrogen Production, Ovarian Activity,
Endometrial Picture and Menstrual Bleeding

In nonpregnant women the pattern of oestrogen production can
be divided into two broad categories (Brown, Kellar and Matthew,
1959; Brown and Matthew, 1962). In the first, the oestrogen output
is maintained at more or less constant levels for periods of time, while

61



OESTROGENS IN THE HUMAN FEMALE

in the second, marked periodic fluctuations occur. These two cate¬
gories can be further subdivided according to the level of oestrogen
production and the state of the endometrium. Figures 10 and 11
summarize the various classifications, the oestrogen levels being
given in terms of ' total ' urinary oestrogens, i.e. the sum of the
urinary oestrone, oestradiol and oestriol outputs: the corresponding
secretion rates of oestradiol and oestrone can be calculated approxi¬
mately by multiplying these urinary figures by the factor ' 6 '. The
two categories are not rigid classifications since an individual may
change spontaneously from one to the other, for example from an
anovulatory cycle (Category I) to an ovulatory cycle (Category II).
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(Anovulatory menstruation)
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. Inactive endometrium
(Premature and post menopause)

Figure 10. Category I. Constant oestrogen levels
(Reproduced by courtesy of the Editor, J. Obstet. Gynaec., Brit. Emp.)

Category I. Constant Oestrogen Production
(A) Inactive or Absent Ovaries

This group includes postmenopausal women, oophorectomized
women and women with primary or secondary amenorrhoea due
to absence of ovarian activity. Here the endometrium is atrophic
and the output of total urinary oestrogens remains less than 10 /xg/24
hours. These oestrogens are probably derived from the adrenals.

(B) Active Ovaries
The constant oestrogen output is due to persistent or multiple

follicular cysts in the ovaries or to functioning ovarian tumours.
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Menstrual bleeding in these cases occurs as a ' break-through '
phenomenon.

(1) Anovulatory menstrual cycles and cystic glandular hyperplasia—These
two conditions, which are described below, may also occur in
association with fluctuating oestrogen production (see Category II).

(a) Anovulatory menstrual cycles. This category of constant oestrogen
production includes the majority of women with regular or irregular
episodes of anovulatory bleeding from an early to late proliferative
endometrium. The total urinary oestrogen levels remain between
10 and 30 /ug/24 hours and no not decrease before the onset of

Normal cycle
- Cystic ylandular hyperplasia

Anovulatory cycle
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29 ' 33' "
Days

70
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Figure 11. Category II. Fluctuating oestrogen levels
(Reproduced by courtesy of the Editor, J. Obstet. Gynaec., Brit. Ennp.)

bleeding. The higher levels tend to be associated with the greater
stimulation of the endometrium and with more frequent episodes of
bleeding. The onset of bleeding occurs without a withdrawal of the
oestrogen stimulus, and is therefore similar to the ' break-through '
bleeding which occurs in patients maintained on small but constant
doses of oestrogens.

(b) Cystic glandular hyperplasia. Cystic glandular hyperplasia occurs
in association with total urinary oestrogens which have been main¬
tained for some time between 30 and 40 ^g/24 hours. This condition
is a variant of the anovulatory cycle, where the greater oestrogen
stimulus produces an extreme degree of endometrial proliferation.
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(2) Polycystic disease of the ovaries (Stein-Leventhal syndrome)—
Urinary oestrogens are maintained above 10 /^g/24 hours and some¬
times above 40 /xg/24 hours. The excretion pattern is therefore
similar to that found in anovulatory cycles and cystic glandular
hyperplasia (groups la and b above), except that the elevated
oestrogen output is associated with amenorrhoea. This condition
can be further classified according to whether there is associated
hirsutism or not.

(a) Polycystic ovaries without hirsutism. The endometrium shows pro¬
liferation commensurate with oestrogen stimulation, but amenor¬
rhoea persists with only occasional episodes of bleeding. Patients
with persistent anovulatory cycles (B la) with more or less regular
menstruation may, in time, pass into this advanced state of ovarian
dysfunction. This indicates that the same etiological factors are re¬
sponsible for the two states (Brown and Matthew, 1962).

(b) Polycystic ovaries with hirsutism. In this condition, an unstimu¬
lated endometrium is frequently found in association with the ele¬
vated oestrogen levels. This lack of stimulation is an exception to
the general rule, and is perhaps due to interference by the excessive
amounts of virilizing hormones also present in the normal response
of the endometrium to oestrogen.

(3) Functioning ovarian tumours—The total urinary oestrogen levels
are maintained above 10 /u.g/24 hours and sometimes above 40 /xg/24
hours, and the endometrium shows moderate to gross stimulation.
Prolonged amenorrhoea may occur in the premenopausal patient,
or bleeding in the postmenopausal patient. The association of
amenorrhoea with raised oestrogen output and stimulation of the
endometrium is thus similar to that occurring in polycystic disease
of the ovaries (B2).

Category II. Fluctuating Oestrogen Production
The finding of marked periodic fluctuations in oestrogen output is

proof of ovarian activity, the fluctuations being due to maturation
and regression of normal or abnormal follicles.

(A) The Ovulatory Menstrual Cycle
The normal ovulatory cycle has already been considered, and is

characterized by two maxima of oestrogen production, occurring
between episodes of bleeding. Ovulation is invariably associated
with a rise and fall in oestrogen production (the ' ovulatory peak ').
The second oestrogen maximum is associated with increased pro¬
gesterone production by the corpus luteum and a resulting secretory
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endometrium. Menstrual bleeding results from the withdrawal of
the oestrogen and progesterone stimulus.

(B) Anovulatory Menstrual Cycles and Cystic Glandular Hyperplasia
In this category, as in Category I, cystic glandular hyperplasia is

a variant of the anovulatory cycle, where a greater oestrogen stimu¬
lus causes an extreme degree of endometrial proliferation. However,
in contrast with Category I, a single rise and fall of oestrogen pro¬
duction occurs between episodes of bleeding.

(1) The anovulatory cycle—The total urinary oestrogen levels rise to
a single maximum of 40-60 pg/24 hours and then fall again before
the onset of menstruation. These maximum values are within the

ranges found at the peaks of the ovulatory cycle. The second maxi¬
mum of oestrogen production and the associated increase in pro¬
gesterone output characteristic of the ovulatory cycle are absent, and
bleeding occurs from an endometrium showing proliferative changes
only. The bleeding results from withdrawal of the oestrogen stimulus.

(2) Cystic glandular hyperplasia—The total urinary oestrogen values
exceed 80 pg/24 hours and even 100 /xg/24 hours at the single maxi¬
mum. These values are higher than those found in any condition
other than pregnancy. The onset of bleeding depends on the duration
of the excessive oestrogen stimulus. Thus the rise to the peak values
may take up to 4 weeks, and during this time the urinary figures may
exceed 40 pg/24 hours for 3 weeks. ' Break-through ' bleeding may
occur while the oestrogen values are still rising or when they have
reached their maximum, or withdrawal bleeding may occur as they
are falling after the peak.

Oestrogen Production Outside the Reproductive Period
In young children the amounts of urinary oestrone, oestradiol and

oestriol are each less than 1 -0 pg/24 hours and are too small to be
measured by current chemical methods. Some time before puberty
in girls, oestrogen output rises and reaches adult levels when regular
menstrual cycles are established (Bulbrook, Greenwood and Snaith,
1958).

After the menopause the output of' total ' oestrogens in the urine
is less than 10 pg/24 hours. Since these levels are not diminished by
oophorectomy, it would appear that the postmenopausal ovary does
not secrete oestrogens. The administration ofcorticotrophin (ACTH)
to postmenopausal or oophorectomized women produces a prompt
elevation in urinary oestrogen output, indicating that the adrenals
are the source of oestrogens in these women (Brown, Falconer and
Strong, 1959).
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Influence of Progestational Compounds on Oestrogen Pro¬
duction

A number of synthetic progestational compounds, such as 17a-
ethinyl-19-nor-testosterone (nor-ethisterone) and 6-chloro-6-
dehydro-17a-acetoxy progesterone (chlornadinone) have become
available for treating menstrual abnormalities, infertility, and for
creating an artificial state of infertility. The effect of these compounds
on oestrogen production during the menstrual cycle depends on the
dosage and time of administration (Brown, Fotherby and Loraine,
1960; Brown and Matthew, 1962). Thus when an adequate dose is
given from the fifth to the twenty-fifth day of the cycle, ovarian
activity, as judged by oestrogen and pregnanediol output, is com¬
pletely suppressed. When a smaller dose is given, ovulation may be
suppressed although a small rise in oestrogen output may occur,
indicating only partial inhibition of follicular development. When
these progestational agents are given during the luteal phase of the
cycle, no interference in the normal production of oestrogen and
progesterone by the corpus luteum is noted. Therefore, the most
important property of these compounds, as far as the ovary is con¬
cerned, is interference in the maturation of new follicles.
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INTRODUCTION

The amounts of oestrogens excreted in the urine during
pregnancy increase enormously from conception to term. Thus
the average levels of oestriol, oestrone and oestradiol found
during the mid-luteal phase of the menstrual cycle are respecti¬
vely 18, 12 and 4 pg. per 24 hours urine; at term they have
increased to 25,000, 1,300 and 500 pg per 24 hours' urine. Other
oestrogen metabolites follow a similar trend. The corpus lu-
teum of pregnancy is the major source of this oestrogen at
first, but six to seven weeks after the last menstrual period,
the rapidly growing placental tissue takes over as the major
producer, and from then on the placental - foetal unit is practi¬
cally independant of outside hormonal support. (Hoff and
Tulsky, 1953; Brown, 1956).

During the second and third trimesters, oestriol is the
major oestrogen and at term accounts for approximately 90%
of the total known oestrogens excreted in the urine. In the
non-pregnant individual, oestriol is a normal metabolite of the
active oestrogens, oestradiol and oestrone. The function and
even the source of this large amount of oestriol are still imper¬
fectly known in spite of a considerable amount of investigation
on the subject. Oestrone, oestradiol and progesterone produ¬
ced by the placenta are obviously important in initiating changes
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in the maternal organism such as those in the uterus and breats,
but oestriol is relatively inactive in this respect. It has been sug¬
gested that oestriol acts as an oestrogenic buffer, protecting the
mother and foetus from excessive fluctuations in the levels of
active hormones (Hisaw, Velardo and Goolsby, 1954). Others have
postulated that oestriol is in some way involved in the onset of
labour but giving large doses of oestriol at term has no demon¬
strable effect on the initiation of labour (Klopper and Dennis,
1962). Nevertheless there is a strong belief that these high levels
of oestriol, which are unique to pregnancy in the human, have
a specific function and do not merely represent a wasted meta¬
bolite of oestrone and oestradiol.

Experiments in wich isotopically labelled oestradiol has
been administered to pregnant women have shown that
oestradiol is metabolised by the mother and excreted in the
urine in exactly the same manner as in non-pregnant individuals
(Pearlman, Pearlman and Rakoff, 1954; Fishmann, Brown,
Hellman, Zumoff and Gallagher, 1962). These experiments have
shown that all the urinary oestriol in pregnancy could not arise
from the metabolism of placental oestradiol and oestrone by the
mother, but must be produced partly from other precursors,

probably oestriol itself reaching the mother from tre placental -

foetal unit. This oestriol could be produced as a result of prefe¬
rential metabolism of oestradiol to oestriol by the foetus. Engel,
Baggett and Halla (1958) have shown that foetal liver is rich in
the enzymes required for the conversion of oestradiol to oestriol.
Furthermore, the major, if not the sole oestrogen found in foetal
tisseus, meconium and in the new-born is oestriol (Diczfalusy,
1963 a), and oestradiol injected into amniotic fluid is excreted in
the maternal urine in higher yield as oestriol than oestradiol ad¬
ministered directly to the mother (Vande Wiele, 1964). However,
foetal metabolism probably accounts for only a small part of the
total oestriol produced. Cassmer (1959) has shown that interrup¬
tion of the vascular connections between placenta and foetus
results in a decrease in the output of all three oestrogens, oe¬

stradiol, oestrone and oestriol in the maternal urine and not a

preferential decrease of oestriol. He concluded that the major
role of the foetus in the production of oestrogens is in the
maintenance of an adequate blood flow through the placenta
rather than in the elaboration of oestrogen precursors or in the
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preferential conversion of oestradiol to oestriol. More recent
work by the Stockholm group has shown that quantitatively the
most important metabolic activity of the foetus is the rapid
conjugation of oestradiol, oestrone and oestriol to their 3-
sulphates, a process which seems to occur in most foetal tissues
including liver, lungs, intestine, skin, adrenals, kidneys and
perhaps muscle. On return to the placenta these sulphate esters
are mainly hydrolysed back to the free steroids, so that this
foetal conjugation has little effect on the type of oestrogen
conjugate finally excreted in the maternal urine (Diczfalusy,
1939), Ryan (1959) has described enzyme systems from human
placentae which are efficient in converting -6 a hydroxylated C
19 neutral steroid directly to oestriol; 16 a - hydroxy - A4 - andro-
stene - 3 17 - dione was converted in 27% yield and 16 - a-hydroxy-
testosterone to a less extent. In this context, 16 a-hydroxyte-
stosterone has been identified in human placentae at the high
level of 35 pg per Kg. (Neher and Stark, 1961) and thus could be
a major precursor of oestriol. Furthermore, Mc Donald (1964)
has shown that dehydroisoandrosterone sulphate which is also
produced in considerable amounts during pregnancy, is con¬
verted by the placenta in vivo to oestrogens. He has calculated
that the production rate of dehydroisoandrosterone at 20 weeks
is approximately 12 mg per day and this would give rise to 6 mg
per day of oestradiol and also some oestriol directly. Therefore
it seems that the major part of the oestriol reaching the mother
from the foetal-placental unit is derived from direct conversion
of C19 steroid precursors in the placenta and that the important
role of the foetus in this mechanism is to maintain an adequate
blood flow through the placenta so that these reactions can take
place.

The Measurement of Oestriol in Urine during Pregnancy.

The measurement of the relatively large amounts of oestriol
present in late pregnancy urine is simple compared with that
of the small amounts present in non-pregnancy urine, and many
methods have been described. Since oestrio' accounts for most

of the oestrogen present after the 20th week the method need
not be of high specificity when applied after this date. Space
permits the description in outline only of those methods which
were used to obtain the results reviewed in this article.
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The methods of Brown.

This method was designed primarily for non-pregnancy uri¬
ne {Brown, 1955) and was slightly modified for the larger
amounts of oestrogen in pregnancy urine (Brown, 1956). It meas¬
ures three urinary oestrogens, oestriol, oestrone and oestradiol
and is still the most used method in the author's laboratory. It
involves hydrolysis of urine or diluted urine (200 ml) by boiling
with hydrochoric acid (20 vols %) for 30 minutes, extraction with
ether, removal of the acidic fraction by a system of alkali
treatment and extraction with concentrated carbonate buffer
solution of pH10-10.5 (this step is now common to most meth¬
ods), evaporation of the ether, partition between a mixture of
petroleum ether, benzene and water (oestriol fraction) and then
alkali (oestrone and oestradiol fraction), methylation, chrom¬
atography on alumina columns, colorimetry using the Kober
reaction and spectrophotometric corretion for impurities by the
method of Allen (1950). Four complete determinations can be
performed by one worker in 7 hours. Several modifications of
this method for measuring only oestriol in pregnancy urine have
been described by Brown and Coyle (1963). The most accurate
modification involves acid hydrolysis of urine (50 ml) or a
suitable aliquot diluted to 50 ml with water, partial saturation
with sodium chloride, extraction with ether, removal of the
acidic fraction by treatment with alkali and extraction with
concentrated carbonate solution of pH 10,5, extraction of the
oestriol with 0.4N. NaOH, methylation, chromatography and
colormetry. By this method eight complete determinations can
be performed in 6 hours, the recovery including the hydrolysis
step in diluted urines is 70-80%, the results are the same as those
obtained by original procedure and the method is applicable
throughout pregnancy from the beginning until term. A shorter
but less accurate modification, by which eight determinations
can be completed in 4 hours, was also described; this
was applicable only to urines containing more than 1 mg
oestriol per 24 hours (ie. from the 16th week of pregnancy).
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The methods of Frandsen. (Frandsen 1963, Frandsen and Stake-
man, 1963 b.c.).

Two procedures are described, one which is applicable to
urines containing more than 1 mg of oestriol per 24 hours (i.e.
from the 16th week of pregnancy), the other which is applicable
to urines containing between 40 p,g and 1 mg of oestriol per 24
hours. These represent an excellent compromise between speed
and simplicity on the one hand and accuracy on the other.

Method 1. -— The urine (1/200 of a 24 hour specimen diluted
to 10 ml with water) is hydrolysed by autoclaving with sulphuric
acid (0.6 ml of 50% FLSO,) at 120"C for 1 hour and is extracted
with ether. The acidic fraction is removed by treatment with
alkali and extraction with concentrated carbonate solution of
pH 10.5; the ether is evaporated and the residue is dissolved in
sodium carbonate solution; this is extracted with a mixture of
carbon tetrachloride and chloroform wich removes the neutral
fraction together with most of the oestrone, oestradiol etc, and
then the pFl is reduced by adding sodium bicarbonate and the
oestriol is extracted with ether. The ether is evaporated and the
oestriol is measured by colormetry using the Kober reaction
Spectrophotometric correction for impurities is made by the
method of Allan (1950). One worker can complete 20 analyses in
7 hours, the overall recoveries including the hydrolysis step are
71-79% and the values obtained are approximately 6% higher
than those obtained by Brown's method, probably because of
contamination with trace amounts of other oestrogen meta¬
bolites.

Method 2. — The urine (1/50 of a 24 hour specimen diluted
to 40 ml with water) is hydrolysed by autoclaving with sulphuric
acid (2.4 ml of 50% FLSO,) at 120"C for 1 hour. After cooling, the
urine is partially saturated with ammonium sulphate, and extra¬
cted with ether. The acidic fraction is removed by treatment
with alkali and extraction with concentrated carbonate solution
of pFl 10.5, the ether is evaporated and the residue dissolved in
sodium carbonate solution; this is extracted first with a mixture
of carbon tetrachloride and chloroform and then with ethyl
acetate which removes the oestriol. The ethyl acetate is evapo-
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rated and the residue is subjected to chromatography on an
alumina column, the oestriol being eluted with a mixture of 6%
ethanol and 0,25% water in benzene. Evaporation, colormetry
and spectrophotometric correction is then performed as in
method 1. One worker can complete 10 analyses in 7 hours, the
recoveries excluding the hydrolysis step are 73-82%, and the
values obtained are approximately 8% higher than those
obtained by Brown's method.

The method of Touchstone (Greene and Touchstone, 1963).
(This is a modification for pregnancy urine of the method of

Eberlein, Bongiovanni and Francis, 1958).

The urine (usually 5 ml diluted to 20 ml with water) is
hydrolysed by boiling with hydrochloric acid (3 ml) for 1 hour.
It is then extracted with ether, the acidic fraction is removed by
treatment with alkali and extraction with concentrated carbonate
solution of pH 10.5, the ether is evaporated and the residue is
dissolved in N. NaOH. This is autoclaved at 10 lbs. pressure for
5 minutes, cooled, extracted with ether to remove the neutral
fraction, neutralized with hydrochloric acid and extracted with
ether. The ether is washed with concentrated carbonate solution
of pH 10.5, evaporated, and the residue is subjected to chroma¬
tography on an alumina column, the oestriol being eluted with
30% ethanol in benzene. The oestriol is measured by color¬
metry using the Bachman colour reaction. This reaction is per¬
formed by heating with a solution of 2% sodium-p-phenol
sulphonate in 85% phosphoric acid at 150°C for 9 minutes.
Oestriol produces a violet-pink colour with an absorption
maximum at 540 mp which is higly specific for this oestrogen.
One worker can complete 6 to 8 analyses in 6 hours. The mean
overall recovery is 54% and because of this the results obtained
by this method & reviewed here have been multiplied by a
factor of 1.5 to make them comparable with those obtained by
the methods of Brown and Frandsen.

The methods of Ittrich. (Ittrich 1958, 1960, Ittrich and Klietz
1962).

These methods measure «total» oestrogens and their great
merit is their extreme simplicity and speed. They depend on a
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discovery made by Ittrich that the pink colour produced by
oestrogens in the Kober reaction can be extracted with a solu¬
tion of p-nitro-phenol in chloroform or similar solvent. Yellow
colours due to impurities remain in the acid layer in which
the Kober colour has been developed, and considerable purifi¬
cation is thus effected. The oestrogens can then be measured
either colorimetrically or fluorimetrically. In late pregnancy,
the Kober-Ittrich reaction can be performed directly on diluted
urine, and Ittrich has recently reported on the values so
obtained during labour an the early puerperium (Ittrich, Egel
Bergman and Klietz, 1962). There are no extraction or hydro¬
lysis losses, all oestrogens giving the Kober reaction are mea¬
sured, and the values obtained are 1.5 to 2 times those obtained
for oestriol by more specific procedures measuring 70-80% of
the oestriol present in the urine. The sensitivity of the direct
reaction is limited by substances in the urine which inhibit
the formation of the oestrogen pink colour. Therefore, for
earlier pregnancy and non-pregnancy urines a certain amount
of preliminary purification is required. Ittrich has described
several such procedures. One of these (Ittrich, 1960) has been
used extensively in London, the results being reported by
Barterjea (1962). The method involves acid hydrolysis by hea¬
ting the urine (usually 5 ml) with concentrated hydrochloric
acid (15 volumes per 100 volumes of urine) at 100"C for 1 hour.
After cooling, the urine is made strongly alkaline and is extra¬
cted with a mixture of petroleum-ether and benzene which
removes the neutral fraction. The urine is then brought to pH
8 with acid and sodium bicarbonate and the oestrogens are
extracted with ether. The ether is washed with carbonate buffer
of pH 10, evaporate and the Kober - Ittrich reaction is perfor¬
med on the residue. The method measures the alkali stable

oestrogens including oestriol, oestrone and oestradiol; the
recoveries thorughout the procedure including acid hydrolysis
are approximately 80%, and one vorker can complete six
analyses in one day. The results reported by Barter jea (1962)
for the last ten weeks of pregnancy agree closely with those
obtained for oestriol by more specific methods (table 1).
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The methods of Bauld. (Bauld 1956, Bauld and Greenway 1957).

Bauld's method was designed primarily for the measure¬
ment of oestriol, oestrone and oestradiol in non-pregnancy
urine. It involves acid hydrolysis, ether extraction, removal of
the acidic fraction by treatment with alkali and extraction with
concentrated carbonate solution of pH 10.5, evaporation of the
ether, and partition between benzene (oestrone and oestradiol
fraction) and water (oestriol fraction). Further purification is
achieved by partition chromatography on celite columns follo¬
wed (oestrone and oestradiol) or preceded (oestriol) by a sapo¬
nification step. In the case of oestriol, this step is performed
by boiling with alkali, partial neutralization with carbon dio¬
xide gas to pH 9.3-9.5 and extraction with ether. The oestro-
gens are measured by the Kober reaction, and spectrophoto-
metric correction is made for impurities. Bauld has described a

simplified method for measuring oestriol in pregnancy urine,
in which the chromatography step is omitted (Bauld and Green-
way, 1957). This shortened procedure has been applied by
Hobkirk, Blahey, Alfheim, Raeside and Joron (1960); and the
recoveries obtained, including acid hydrolysis of diluted urine,
are 70-80%.

RESULTS

NORMAL PREGNANCY

A. From the Sixteenth Week to Term.

Normal values for the excretion of oestriol during pre¬

gnancy have been recorded by numerous workers. In many
cases, comparison of the results is difficult since they have
been summarized for publication in different ways. For exam¬

ple, in some instance, only mean, maximum and minimum
values have been reported with no indication of the numbers
of estimations involved at the various stages of pregnancy; in
others only fiducial ranges calculated arithmetically from the
standard deviations have been given. In abstracting the figures
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for the present review, the most useful method of presentation
was found to be the scatter diagram in which all the values are
recorded. The actual maximum and minimum ranges can then
be obtained by drawing smooth lines containing 95% or more
of the results between them and the actual values can be ab¬
stracted if necessary. Such a method of presentation was used
by Greene and Touchstone (1963), Frandsen (1963) and Coyle
Brown (1963). The values published by Taylor et al (1961) Wray
and Russell (1963) and Banerjea (1962) have required some mo¬
dification for comparison.

Further useful information is the birth weights of the
babies, since it is well established that these correlate directly
with oestriol output (Frandsen and Stakemann, 1960 a, Coyle
and Brown 1963, Greene and Touchstone 1963, Liggins and
Evans 1963). Thus, differences in baby weights, due either to
bias in the selection of patients, or to factors inherent in the
ethnic group studied cold account for small differences in the
ranges and means of normal values reported from various cen¬
tres. Unfortunately this information has seldom been given.

The results obtained in seven centres using five methods
of assay are summarized in table I. There is excellent agreement
between all the series, particularly those containing the largest
number of estimations and patients, such as those of Frandsen,
Wray and Russel, and Coyle and Brown. These figures, which
derived from a total of more than 200 pregnancies, can therefore
be accepted as being truly representative of the normal, with the
proviso that the analytical methods used give figures which are
70-80% of the true oestriol values. If, in a sufficiently large
series of normal patients the mean, maximum and minimum
values do not agree with these figures, the differences can

usually be explained on the basis of the assai technique em¬

ployed or as being deu to an unusual distribution in the baby
weights involved. For example, the lower values reported by
Zondek and Goldberg (1957) were almost certainly due to in¬
complete ydrolysis of the urine. The higher values recorded
by Hobkirk et al were probably due to the selection of women

delivering babies which were heavier than average, as in the
series reported by Brown (1956) in which the birth weights
were all more than 3600 grams.

One of the most useful applications of oestriol measure-
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ments during pregnancy is as a test for functional failure within
the placental-foetal unit. Therefore the minimum values, which
form the dividing line between the normal and the subnormal,
are of great interest, and have been collected from the seven
normal series and listed in table 1. Obviously these minimum
values also depend on the weight of the foetus, and a figure
which is normal for a small foetus could be low for a larger
foetus. Even so, the correlation betwen oestriol output and
placental-foetal function still applies since it is generally accep¬
ted that obstetrical complications are more common with small
babies. In this respect, Coyle and Brown (1963) considered
only those pregnancies yielding babies with birthweights of
more than 3,000 gram.as being strictly normal. However, this
criterion is not universally accepted and the figures for their
whole series of uncomplicated pregnancies have being included
in table 1.

B. During the First 20 Weeks of Pregnancy.

The most comprehensive study during this period is that
of Frandsen and Stakemann (1963 c) who performed 412 esti¬
mations on 27 women with normal pregnancies. The results
are shown in table 2, together with a small series by Brown to
provide supporting data. The figures demonstrate the tremen¬
dous increase in oestriol excretion which occurs between the
8th and the 16th weeks, the output trebling every four weeks,
as compared with the slower increase in later pregnancy when
the output only doubles during the last ten weeks (table 1).
Frandsen and Stakeman (1963 c) pointed out that there is a

greater variation in the normal oestrogen values found during
early pregnancy. This is not surprising since any inaccuracies
in dating the pregnancy would have then greatest effect on
oestriol output at this time of greatest increase.

Normal day to day and weekly changes in oestriol excretion.

In the interpretation of results it is necessary to know
whether a change in values represents a real change in function
or whether it is merely due to normal daily fluctuation in
output. Brown (1956) studied the daily excretion of oestrogens
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troughout an entire pregnancy in a subject whose accuracy in
collecting urine specimens was beyond doubt. The greatest day
to day variations encountered in each four weeks' period from
the 8th week until term are given in table 3; the figures being
expressed as percentage change from one day to the next.
Apart from several high figures which were encountered during
the 8th and 9th weeks at the time of the second missed period,
the degree of daily variability was practically independant of
the time of gestation and the highest figure in approximately
220 pairs of determinations was + 39% ; during this time the
number and the extent of the positive changes exceeded those
of the negative changes as would be expected with a rising
curve; and the greatest negative daily variation in the series
was - 34%. Daily figures were also given for oestriol excretion
during the week before delibery in two other subjects and in
these the greatest daily change was + 30% in eleven pairs of
determinations. Frandsen (1963) reported similar figures in a
series of 87 pairs of daily determinations during the last 30
weeks of pregnancy; the greatest daily changes being + 40%
and - 30%.

Frequently prognosis is based on the results of single
weekly determinations. The normal variations in these include
the daily variations and the expected weekly increases. The
average weekly increases from the 8th week to term, calculated
from the mean figures of Frandsen and of Coyle and Brown
(tables 1 and 2) are included in table 3. On the basis of his
results, Frandsen (1963) stated that, as a rough guide, weekly
changes of 80-200% could be considered as normal before the
20th week, and changes of 70-170% were normal from then
until term. These seem to be realistic figures.

Frandsen (1963) also investigated the possibility of using
8 hr. collections of urine instead of the standard 24 hr. col¬
lections. He found that the results obtained on 8 hr. collections
could differ by as much as ± 30% from those based on the
24 hr. collection. While he considered that it is possible in
emergency cases to obtain information on the 8 hr. period, the
added variables introduced made the procedure undesirable.



14

Oestriol Excretion in Complicated Pregnancies.

Intra - uterine foetal death.

The pattern of oestriol excretion in intra-uterine foetal
death is now well established and can be used as a means of

diagnosis in doubtful cases. This characteristic pattern is illu¬
strated in figure 1. Impending foetal death is usually preceded
by a low and falling urinary oestriol output and this is greatly
accelerated on the death of the foetus. Frandsen and Stakemann

(1960b, 1963b) studies 65 cases of suspected foetal death during
the third trimester of pregnancy. Oestriol excretion was less than
3 mg/24 hrs in 49 cases, and in all of these the foetus was dead;
in 15 cases the excretion was more than 3 mg/24 hrs and in all
of these the foetus was alive. They also reported serial results
from two women who developed complications; in both of these
the oestriol values reflected the clinical condition of mother and
foetus very well. Greene and Touchstone (1963) in 2015 determi¬
nations on 279 patients during late pregnancy, found that values
of less than 6 mg per 24 hrs signalled foetal death; when the
values were more than 18 mg/ 24 hrs no foetal death occurred,
and when the values were between 6 and 18 mg/24 hrs the
outcome was doubtful.

Liggins and Evans (1963) emphasized that perhaps the grea¬
test value of oestriol determinations was in those cases in wich

placental deficiency was suspected on clinical grounds but the
oestriol output was normal and rising. By allowing these patients
to go normally to term the dangers inherant in premature inter¬
ruption of the pregnancy were avoided, since this pattern was

invariably associated with a healthy baby irrespective of the
duration or severity of the complication.

Oestriol Excretion in Toxaemia.

Roy, Harkness and Kerr (1963) studied urinary oestriol
excretion in 23 cases of pre-eclamptic toxaemia who were
between the 26th and 40th weeks of pregnancy; 14 cases delivered
living babies and in 11 of these the oestriol values were below
the normal mean and in 7 the values were near or below the
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normal mean and in 7 the values were near or below the normal
minimum for the time of pregnancy; however, there seemed to
be no correlation between the depression of the oestriol values
and the severity of the symptoms as judged by blood pressures
and albuminuria. Foetal death in utero occurred in the other 9

cases, either at the time of the analysis or a short time after¬
wards; in all of these the results were near to or below the nor¬
mal minimum values given in table 1.

Greene and Touchstone (1963) studied 32 cases of toxaemia
during the last few weeks of pregnancy: Thirteen births were
preceded by an oestriol output of 6 mg/24 hrs or less and in 9
of these the baby died perinatally; in the remaining 4 cases

prompt Caesarian section was performed and living babies were
obtained. Eleven of the 32 cases had oestriol levels between 6
and 18 mg/24 hrs and among these only one perinatal death
occurred and in this instance the oestriol output prior to labour
was 7.5 mg/24 hr and the baby weight was only 1800 g; how¬
ever in this group, 5 Caesarian sections and 2 inductions were
performed because of the low oestriol values. All of the subjects
with oestriol values over 18 mg/24 hrs presented no difficulties.
Banerjea (1963) obtained similar results in a series of women
with hypertension. Two developed eclampsia: in one the oestriol
values were considerably below the normal minimum and the
foetus died at 27 weeks; in the other, the oestriol values were

between 5 and 8 mg/24 hrs at the 36th week and rose to 11
mg/24 hrs at the 39th week, an eclamptic fit occurred during
labour but a live infant was delivered weighing 3200 g.

Kellar, Matthew, MacKay, Brown and Roy (1959) reported
oestriol values in 12 patients with pre-eclampsia; they found
essentially normal values in the patients with mild symptoms,
and low-normal values in all the patients with severe symptoms;
moderate symptoms were associated in some cases with normal
values and in others with low normal values. A similar correla¬
tion between the severity of the symptoms and oestriol excretion
was found by Lenters (1958) using an assay method which gave
higher normal mean values and considerably higher normal mi¬
nimum values than those given in table 1. In a study of 92 cases
of toxaemia, he found that all the patients with blood pressures
above 160/100 had oestriol values which were consistently low,
even when compared with the figures given in table 1 and these
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did not rise as pregnancy advanced; 58% of the patients with
blood pressures between 130/80 and 160/100 and 39% of the
patients with blood pressures lower than 130/80 had low oestriol
values. The oestriol output was also correlated with the macro¬

scopic and microscopic appearance of the placenta at birth and
the excretion tended to be low when the placenta was small
(less than 500 g), or when it showed evidence of marked degene¬
ration or contained large numbers of infarcts. Lenters concluded
from this investigation that oestriol is a good measure of pla¬
cental function and an excellent indication of the condition of
the placenta.

Oestriol excretion in diabetic pregnancy.

The early claims that an hormonal unbalance is commonly
present in diabetic pregnancy and that this can be corrected by
treatment with oestrogens and progesterone, has stimulated
numerous investigators to determine oestriol output in this con¬
dition {White, 1952). The results from several centres are col¬
lected in table 4; these refer generally to patients who did not
develop other complications such as toxaemia during their pre¬
gnancies. There is excellent agreement between the results
obtained by the various groups, and although the maximum,
mean and minimum values tend to be slightly lower than the
normal, there is no support for the view that a diminished
oestriol output is an instrinsic feature of the diabetes. However,
the oestriol levels are influenced by the other complications
which may arise during pregnancy. Thus Greene and Touchstone
(1963), in a study of 35 diabetic pregnancies, found normal
oestriol values in 19 and in these there were no perinatal diffi¬
culties; four patients had values of less than 3 mg/24 hr and the
babies died, 3 in utero and the fourth soon after birth: the
remaining twelve patients had final values between 6 and 18 mg
and because of this were subjected to Caesarian section or
timely induction, and all the babies survived. However, in
the series of 30 diabetic patients studied by Frandsen, Pe-
dersen and Stakemann (1962), there was one foetal death
in utero and two within the first 24 hrs of delivery and in
none of these did the oestriol values indicate diminished foetal
viability. For example, in the one case of foetal death in utero,
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the oestriol levels were rising steadily from 7 mg to 13 mg/24
hr during the 31st to 36th week and then two days after the
latter figure had been obtained, the heart sounds and foetal
movements stopped and two days later the patient was deli¬
vered of a dead baby weighing 4,600 g. Taylor et al (1962) obtai¬
ned similar results in a series of 7 diabetics in which 3 babies
died, one in utero at the 34th week and the others within the
first 24 hrs of birth. Oestriol excretion had been measured

serially in each case for some ten weeks previously and had
been increasing in a completely normal manner without any
indication of the final outcome. Thus it seems, that, in diabetes,
two factors may operate leading to foetal death; the first is
reflected by low oestriol levels as in no-diabetic pregnancies;
the other is diminished foetal viability peculiar to diabetes
two factors may operate leading to foetal death; the first is
functional insufficiency within the foetal - placental unit which
is reflected by low oestriol levels as in non-diabetic pregnancies;
the other is diminished foetal viability peculiar to diabetes which
is not associated with diminished placental function as judged
by the finding of a normal oestriol excretion.

Diabetes mellitus introduces the possibility of interference
by glucose in the measurement of oestrogens in urine. Brown
and Blair (1958) reported that glucose causes increased destruc¬
tion of oestrogens during acid hydrolysis. This was confirmed by
Hobkirk, Alfheim and Bugge (1959), who showed that the de¬
struction could be avoided by using enzymic hydrolysis, which is
time consuming, or by diluting the urine 1 in 10 or more with
water before acid hydrolysis. Such a dilution with water, although
the simplest solution to the problem, is not practicable for those
rapid methods in which extractions are performed in test tubes
and small volumes of urine and reagents are consequently em¬
ployed. Because of this, Frandsen et al (1962) extracted the oe¬
striol conjugates with a mixture of ethylacetate and ethanol
following saturation of the urine with ammonium sulphate as
in the procedure of Edwards, Kellie and Wade (1953); the glucose
remains in the urine layer, and after evaporation of the extract,
the oestriol conjugates are then subjected to acid hydrolysis in
the usual way. The destructive effect of glucose can therefore be
overcome without difficulty but a failure to appreciate that it can
occur could lead to serious errors.
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Oestriol excretion in twin pregnancies.

Numerous workers have studied oestriol excretion in twin

pregnancies. (Borth, Lunenfeld, Stamm and De Watteville, 1959,
Kellar et al 1959, Banerjea 1962, Coyle and Brown 1963, Liggins
and Evans 1963). In pregnancies uncomplicated by toxaemia the
oestriol excretion is within and sometimes in excess of the upper

range of normal, as might be expected from the combination of
the foetal weights. Coyle and Brown (1963) likened the excretion
to that found in a group of women delivering babies of over
3,600 g. in weight, and the highest value found in their series of
22 cases was 45 mg/24 hrs. The output was reduced but still well
within the normal range in those twin pregnancies which were
complicated by toxaemia.

Oestriol excretion in threatened abortion.

Frandsen and Stakemann (1963) studied 106 cases of threa¬
tened abortion (before the 20th week of pregnancy). Serial oe¬
striol determinations were performed where possible, and treat¬
ment usually consisted of bed-rest and sedation. The oestriol
excretion was below the normal ranges (table 2) in 37 of the
pregnancies, 36 of these ended in abortion and only one yielded
a living child: oestriol excretion was within the normal range in
the other 69 pregnancies; nevertheless 25 of these ended in abor¬
tion and 3 in premature birth. In a more prolonged study invol¬
ving 22 of the patients with initially normal values, 20 continued
to show a normal increase in oestriol output and of these 4
aborted; however three of the abortions could be attributed to
mechanical causes since two were associated with an incompetant
cervical os and the third with premature rupture of the mem¬
branes : normal but later decreasing oestriol values were encoun¬
tered in the remaining two patients and both subsequently
aborted. Chorionic gonadotrophin excretion was also measured
in many of the subjects and Frandsen and Stakemann concluded
that the oestriol value gave the most reliable indication of the
future outcome of the pregnancy.
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Oestriol excretion in erythroblastosis foetalis.

Greene and Touchistone (1963) studied six pregnancies which
were complicated by Rh-immunization. Higher than normal
levels of urinary oestriol (45-60 mg/day) were found in one and
at birth the baby was severely affected and required six exchange
transfusions; normal oestriol values were encountered in two
and at birth the babies were severely affected and died; intra¬
uterine foetal death occurred in the other three before the esti¬
mations were performed and in these the oestriol values were
between 1.8 and 3,6 mg/24 hrs. as is usual following foetal death.
Therefore, in this series, except after foetal death, the oestriol
values gave no indication of the well-being of the foetus.

Similar results were obtained by Taylor, Hassner, Brnns and
Drose (1963) who studied nine pregnancies complicated by Rh-
immunization : in five, the urinary oestriol values were in the
upper range of the normal figures given in table 1, all the babies
required ex change transfusion and survived: in one, the
oestriol values were frequently above the normal range, the
highest value being 48 mg/24 hrs. at the 37th week: this patient
delivered twins who did not require exchange transfusion: two
patients had stillborn infants at the 34th week and the oe¬
striol values just prior to this were less than 4 mg/24 hrs: the
remaining patient had a very low oestriol level of 2.3 mg/24 hrs
at the 37th week and nevertheless delivered a living baby at 40
weeks weighing 2130 g. and requiring an exchange transfusion.
Taylor et al pointed out that the placenta in erythroblastosis
foetalis is frequently hyperplastic and larger than normal and
that increased placental function is probably the cause of the
higher oestriol values encountered in this condition.
On-the-other-hand, Banerjea (1962) studied two cases of Rh-
immunization and found oestriol values below the normal range
in the one in whom the baby died during labour, and normal
and rising oestriol values in the one delivering a live baby who
required one exchange transfusion. Obviously further studies are

required before the value of oestriol determinations can be
properly assessed in this condition.
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Oestriol excretion in anencephaly.

Frandsen and Stakemann (1961, 1963 a) have studied 12 pre¬

gnancies involving anencephalic foetuses. The levels of urinary
oestriol, measured before delivery and in the presence of the
living foetus, were in the range 1-4 mg per 24 hrs. in 11 of the
pregnancies, i.e. approximately one tenth the normal and in the
range usually encountered when foetal death has occurred. The
urinary levels of oestrone and oestradiol were similarly reduced
but the pregnanediol output was normal. The oestriol excretion
in the 12th pregnancy was normal. Examination of the foetal
adrenals at autopsy showed that the foetal zone was much dimi¬
nished in size or virtually absent in those cases with low oestriol
output and was practically normal in the one case with normal
oestriol output. Similar low values of oestriol excretion have
been reported by Coyle (1962) in 4 cases of anencephaly.

In the human, the foetal adrenals are relatively large, mainly
because of the foetal zone which degenerates shortly after deli¬
very. In anencephalics, the foetal zone develops normally until
approximately the 6th month of pregnancy and then usually
degenerates to be almost absent at term. Frandsen and Stakemann
considered that the above findings in anencephalics was strong
evidence that the foetal zone of the adrenal cortex is an im¬

portant site for the elaboration of oestrogen precursors during
pregnancy.

Oestriol excretion in other abnormalities of the foetus.

The urinary excretion of oestrogens and pregnanediol in
a pregnancy complicated by cirrhosis of the foetal liver was

reported by Coyle (1962). The baby died on the fourth day
post partum and autopsy showed a liver weighing one-third the
normal with the histological appearance of giant cell hepatitis
with cirrhosis which as obviously present while in utero.
During the pregnancy, the pregnanediol values had been within
normal limits; however, the relative proportion of urinary
oestrone plus oestradiol to oestriol was markedly increased,
the absolute values at the 38th week of pregnancy being 6.6
mg and 8.1 mg/24 hr. respectively as compared with mean
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figures of 1.8 mg and 25 mg/24 hrs. for the normal. These
results suggest that the foetal liver is a most important site
for the metabolism of oestrone to oestriol although the work
of Diczfalusy, Cassmer and co-workers does not support this
(Diczfalusy 1963, Cassmer 1959).

Coyle and Brown (1963) recorded urinary oestriol values
in a patient who had an apparently normal pregnancy but who
delivered a baby who died at birth of toxoplasmosis. The oe¬
striol values throughout the pregnancy were completely
within the normal range.

In hydatidiform moles, the urinary excretion of oestro-
gens is usually but not invariably, decreased as compared with
the same period of gestation in a normal pregnancy. In the
absence of the foetus, the placenta still has the inherent ca¬

pacity for producing some oestrogen, and the urinary values
are therefore definitely higher than in non-pregnant subjects
(Diczfalusy 1963 b, Brown 1963).

Oestriol Excretion in Pyelonephritis.

Taylor et al (1963) studied six pregnant women with acute
urinary tract infection. All had some degree of proteinuria, two
developed mild toxaemia, one had diabetes, and all delivered
live full-term babies. All of the women had urinary oestriol
levels which were below the lowest limits of the normal range
the majority of values near term being less than 4 mg/24 hrs.
In one patient the values were decreasing steadily from the
36th week and in spite of this, a healthy baby weighing 3410
g. was delivered at the 40th week. Taylor et al showed that the
low levels were not caused by albumin interfering in the esti¬
mations and at present there is no explanation for the results.
Since the condition is relatively common, one might expect
similar observations to be reported from other centres. Ob-
vioulsly, kidney function must be considered when interpreting
results of urinary oestrogen analyses.
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CONCLUSIONS

It is generally recognised that a reliable measure of pla¬
cental - foetal function would be of great assistance in the ma¬
nagement of complications arising during pregnancy. Since,
the placenta elaborates large amounts of certain hormones,
numerous investigations have been carried out to determine
whether the output of one of these might provide the required
information. Thus, the levels of chorionic gonadotrophin, pre¬
gnandiol and oestrogens in the maternal urine have been mea¬
sured and also the effects of the hormones on the vaginal
cytology. Each investigator has of course been enthusiastic in
advancing the merits of the particular measurement that he
has chosen for investigation. The work reviewed here shows
that oestriol excretion in the maternal urine closely reflects
placental function and foetal well-being, and in this respect
is probably superior to measurements of gonadotrophin and
pregnanediol. As a practical method suitable for universal
application, oestriol determinations have been criticized on the
grounds that they are difficult to perform and that collection
of the urine is inconvenient, time consuming and liable to error.
The recent development of simplified and shortened procedures
now brings the analysis within the scope of the average clinical
laboratory. For example, the method of Frandsen which permits
the analysis by one person of 20 specimens in a working day
compares favourably in ease and speed with many other routine
measurements. However, the difficulties involved in collecting
the urine are serious, since an answer cannot be obtained in a
shorter period of time than approximately 30 hours unless
accuracy is sacrificed by collecting less than a 24 hr. specimen
of urine. Even then, the information may be incomplete since
multiple estimations are necessary in doubtful cases to deter¬
mine whether the oestriol output is rising or falling. For this
reason, many workers prefer vaginal cytology as an index of
placental function. Wood, Osmond-Clarke and Murray (1961)
have demonstrated the value of vaginal cytology as a guide to
the prognosis and treatment of threatened abortion and also
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for detecting when continued intra-uterine existance was endan¬
gering the foetus. Hughes (1963) compared the results of vagi¬
nal cytology, « ferning » of the cervical mucus, and measure¬
ments of urinary oestrogens, pregnanediol and chorionic go-
nadotrophin, and concluded that the pyknotic index of the
vaginal smear and the progesterone effects was as accurate an
index as the hormone assays, and was also much easier and
less expensive. No details of this investigation have been
published. One of the changes in vaginal cytology commonly
associated with deterioration of placental function is an increase
in the number of superficial cells with pyknotic nuclei and eosi¬
nophilic cytoplasm. In the non pregnant subject, this shift
occurs under oestrogen stimulation and is reversed by proge¬
sterone, and the assumption was made that this is also the
sequence of events in the pregnant subject. Because of this,
Osmond-Clarke and Murray (1963) treated their patients who
had an elevated eosinophilic index (E.I.), and therefore presu¬
med oestrogen dominance resulting from progesterone defi¬
ciency with the progestogen, nor-ethisterone, and claimed that
this caused the index to revert to normal. However, Stamm,
Rawyler and Riot ton (1959), on the basis of oestriol and pre¬

gnanediol assays, showed that an elevated E. I. during pre¬

gnancy actually reflects an insufficient oestrogen stimulation
and that the associated progesterone levels may be quite nor¬
mal. Brown (1963), on the basis of the same series as that
quoted by Hughes (1963), also reported lowered urinary oe¬

strogen levels associated with those vaginal smears which were
considered to be oestrogen dominated. Therefore, although an
abnormal vaginal cytology and a lowered urinary oestriol both
indicate reduced placental-foetal function, further work is
required to assess their relative merits as tests in the mana¬

gement of pregnancy, and also to determine the exact relation¬
ship between vaginal cytology and the hormone effects.

One of the difficulties encountered in the application of
oestriol determinations to the management of pregnancy is in
the interpretation of values falling near the lower limits of
normal. Perhaps the best solution to this problem was that
suggested by Banerjea (1962) who, as the result of his expe¬
rience, devised a graph which separated the oestriol values into
those with a favourable prognosis, those with borderline signi-
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ficance requiring further study, those indicating an unfavou¬
rable outcome (impeding foetal death) and those in wich foetal
death had already occurred. The values which he selected for
his dividing lines between the zones were completely realistic
and could be accepted without modification. However, his
general curves showed a plateau of oestriol excretion at 38
weeks which has not been the experience of the majority of
workers, who have found a steady increase in output until term.
Therefore, his graph has been modified somewhat in figure 2
to take account of this steady increase.

Re-adjustment of the boundaries may be necessary in the
light of further experience. Now that the results of oestriol
excretion can be evaluated with some confidence, there is need
for a more general application in the management of patients.
This is already being done in some centres with claims of
considerable success.

The final proof that oestriol determinations are of value
depends on whether the information they provide can actually
be used in reducing foetal and perinatal mortality.
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FIGURE 1 — Urinary oestriol and pregnanediol excretion in a case of severe toxaemia with
intrauterine foetal death. FD, foetal death; D, delivery of a macerated foetus weighing
1200 g. Slaping dotted lines are lowest levels found in normal pregnancies.
Redrawn from Coyle, Greig and Walker (1962).
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mg PER 24 HOURS URINE

FIGURE 2 — Urinary oestriol excretion in relation to the prognosis of the pregnancy. When
values are obtained within the borderline zone, further measurements are necessary to de¬
termine whether the oestriol levels are rising (favourable) or falling (impending foetal
death). The dotted line indicates the lowest levels encountered in the normal series.
Redrawn from Banerjea (1962).
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TABLE

Oestriol Excretion During

(mg. per 24

METHOD BROWN

Authors Coyle & Brown
1963

Wray & Russell
1963

Taylor et al.
1961

No. of
Weekly

Determins.
693 on 67 women 276 on 20 women 69 on 36 women

Weeks
Pregnant Mean

Actual
range

Mean ± 2SD + Mean ± 2SD +

12 0.4 0.2- 1.0 0.8 ? - 1.5

14 0.8 0.4- 2.0 1.2 ? - 2.4

16 1.7 0.6- 3.5 2.2 0.8- 4.0

18 3.2 1.0- 5.2 3.5 1.0- 6.0

20 4.5 1.7- 7.5 5.0 1.2- 7.5

22 5.8 2.0- 9.8 6.0 1.5- 9.0 4.0 2.5- 5.0

24 7.4 2.5-12.3 7.0 2.0-12.0 4.5 3.0- 6.0

26 9.0 2.9-15.0 8.0 2.5-14.0 7.0 4.0- 8.0

28 10.2 3.1-18.0 8.5 3.0-16.0 6.0 5.0- 9.0

30 11.0 3.5-21.0 9.5 3.8-15.5 8.5 6.0-11.0

32 12.0 4.0-24.0 • 11.0 4.0-19.0 10.0 7.0-15.0

34 14.0 5.0-27.5 13.0 5.0-23 13.0 8.0-18.0

36 15.8 6.0-31.0 17.0 7.5-28 17.0 9.0-23.0

38 18.4 7.5-35 21.0 10.0-32 19.0 10.0-26.0

40 22.0 10.0-40 24.5 14.0-35 16.0 11.0-20.0

Birth
Weights
(gms.)

3100 2100-4500 3300 2100-4100

* Corr. x 1.5 + SD Standard deviation.
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1

Mid- to Late- Pregnancy.
hrs. urine)

FRANDSEN TOUCHSTONE ITTRICH BAULD

Frandsen 1963
Greene &

Touchstone *
1963

Banerjea
1962

Hobkirk et al.
1960

Combined
Minimum

Values

478 on 24 women 94 on ? on 42 200 on 10 women

Mean
Actual
range Mean

Actual
range Mean

Actual
range Mean

Actual
range

0.4 0.2- 1.4 0.2

0.7 0.3- 1.2 0.3

1.5 0.7- 3.3 1.5 0.6

2.3 1.6- 4.1 1.8 1.0

4.2 1.8- 6.4 4.3 7.5 3 -12 1.7

5.0 3.3- 9.9 3.8 2.5- 5.2 8.0 4 -13 2.0

7.3 4.4-10.8 8.1 3.0-12.7 9.0 5 -15 2.5

8.0 4.9-11.9 9.0 3.0-10.5 9.5 6 -16 2.9

10.0 5.0-16.8 9.3 3.7-15.7 5.0 3.0- 8.0 11.5 7.5-18 3.1

10.1 7.5-16.1 10.6 8.2-15.0 6.0 4.0-10.0 14.0 8 -20 3.5

12.0 6.8-17.9 11.4 6.7-14.2 8.0 5.0-15.0 16.0 10 -22 4.0'

13.7 10.2 20.5 15.2 9.7-19.5 13.0 7.0-20 18.0 11 -24 5.0

17.6 10.1-27.8 18.9 9.7-25 16.0 9.0-27 22.0 13 -28 6.0

20.6 10.4-36.4 21.3 12.8-35 22.0 11.0-35 26.0 16 -32 7.5

24.7 13.9-41.8 23.4 10.5-39 22.0 12.0-35 30.0 22 -36 10.0

I
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TABLE 2

Oestriol Excretion During the First 20 Weeks of Pregnancy
Oestriol p.g/24 hr. urine

Frandsen Brown
(1963) (1956 etc.)

No. of weekly
determinations 412 on 27 women 84 on 6 women

Week of
regnancy Mean Actual range Mean Actual range

4 34 28-38 22 12-31

6 114 42-246 43 20-62

8 130 55-377 135 30-252

10 193 74-801 250 120-510

12 379 161-1405 417 215-700

14 705 344-1235 1248 400-1850

16 1378 770-2430 2095 700-3000

18 2559 1025-4305 3173 1700-3900

20 3810 2710-4980 4089 3000-7100

TABLE 3

Daily variations and weekly increases.

Weeks of beS^efn'two^oTecutive Mean % ^crease per week
pregnancy. days 111 oestn°l excretion.

Frandsen Coyle and Brown
(1963) (1963)

8-12 + 73% 48 53

12-16 + 30% 74 78

16-20 + 27% 45 41

20-24 + 33% 19 16

24-28 + 29% 9.3 9.5

28-32 + 21% 5.0 4.4

32-36 + 23% 11.6 8.0

36-40 + 39% 10.0 9.8

(*) from Brown 1956 Day 2 - J3ay_J_ ^ jqq
Day 1



TABLE4

ExcretionofOestriolbyPregnantDiabetics OestriolExcretioninmg/24hrs.urine
WeeksofHobkirketal.Frandsenetal.Coyle&BrownTayloretal.Turchetteetal. Pregnancy

(1960)

(1962)

(1963)

(1962)

(1963)

28+

29

7.0

3.0-11.5
(12)

7.2

7-7.5(3)

8.6

4.2-11.0
(3)

20.6

18.5-25

(5)

30+

31

8.2

3.0-13.5

(9)

8.7

7-10

(3)

9.5

4.6-15.2
(8)

6.2

4.4-8

(6)

32+

33

8.9

3.0-14.0
(13)

11.4

4 -18.5
(30)

9.3

7-11

(6)

13.8

10.4-19.9
(8)

8.7

5.2-11.5
(6)

34+

35

8.5

2.5-13.5
(11)

13.7

3.5-26.5
(59)

12.1

10-14

(7)

15.4

12.7-18.3
(4)

13.5

9 -18

(6)

36+

37

15.8

4.5-24

(9)

15.4

5-31

(61)

13.5

12-15

(2)

13.8

6.9-24.9
(8)

20.7

18-22

(4)

Figuresinparenthesisarenumberofdeterminations.

u>
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Tlie Value of Urinary Esiriol
w

Measurements EDuring Pregnancy
/

N. A. BEISCHER,* M.R.C.O.G., J. B. BROWN,* Ph.D. (Edin.), and
CARL WOOD,t F.R.C.O.G., Melbourne, Australia

The relatively large amounts of
estrogens excreted in the maternal
urine during pregnancy are derived
almost entirely from the placenta.
The placenta in turn synthesizes
these estrogens from precursors
which are produced largely in other
sites, notably the fetus. Urinary es¬

trogen output, therefore, reflects the
functional states of both the placen¬
ta and fetus. Estriol is quantitatively
the most important urinary estrogen
and the measurement of this steroid

provides very useful information
concerning the state of the fetopla¬
cental unit.1,2 The main drawback

•Departments of Obstetrics and Gynaecology, Uni¬
versity of Melbourne.

fMonash University Medical School.
1. Greene, J. W., et al., Amer. J. Obstet. Gynec.,

92:1030,1965.
2. Macnaughton, M. C., Amer. J. Obstet. Gynec.,

97:998,1967.

to the general application of this test
is that the methods available for

measuring estriol have not been
suitable for mass analyses in a rou¬
tine hospital laboratory. To over¬
come this difficulty, we have devel¬
oped a simple procedure based on
a semiautomatic partition device
which processes 12 samples of urine
at one time.3 With this apparatus,
which is now available commercial¬

ly, one worker can complete 12 ana¬

lyses with ease in three hours from
receipt of urine to reporting the re¬

sults, or 24 to 36 in a working day, at
a cost of less than one dollar per as¬

say.4 Methods of similar rapidity
have recently been reported from

3. Brown, J. B., et al., J. Endocr., in press.
4. Brown, J. B., & Beischer, N. A., Fifth World

Congress of Gynaecology and Obstetrics, p. 75,
Butterworths, Australia, 1967.
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a number of other centers.5"7

Normal Values

It was necessary to accumulate
our own normal values for uncom¬

plicated pregnancies. The patients
for the normal series were all seen

before 13 weeks of gestation to en¬
sure that their dates correlated with
the size of the uterus. Estriol assays
were performed at approximately 18,
30, and 40 weeks, and only those
women who proceeded uneventful¬
ly to term and delivered a normal
live infant have been included; 425
determinations were performed on
211 women, and the results are
shown in Figure 1. The mean values
at 18 to 22, 28 to 32, and 38 to 41
weeks were 4.4, 13.0, and 26.1 mg.
per 24 hours' urine, respectively. A
fitted curve joining these and other
mean points included in Figure 1.
These levels are 70 to 80 per cent of
the true estriol values and agree well
with those published from other cen¬
ters using methods giving similar re¬
coveries.8"11 For use in managing
complicated pregnancies, it is neces¬

sary to be able to delineate the levels
associated with fetoplacental dys¬
function from the lower limits of
normal, particularly after 32 weeks
of gestation when intrauterine fetal
death may be prevented by termi¬
nation of the pregnancy.

In Figure 1, only 4 women out of
81 had estriol values below 2 mg. at

5. Oakey, R. E., et al., Clin. Chim. Acta, 15:35,
1967.

6. Strickler, H. S., et al., Steroids, 9:193,1967.
7. Scommegna, A., & Chattoraj, S. C., Personal com¬

munication, 1968.
8. Coyle, M. G., & Brown, J. B., /. Obstet. Gynaec.

Brit. Cwlth., 70:225,1963.
9. Frandsen, V. A., The Excretion of Oestriol in

Normal Human Pregnancy, Ejnar Munksgaards
Forlag, Copenhagen, Denmark, 1963.

10. Taylor, E. S., et al., Amer. J. Obstet. Gynec., 81:
625,1961.

11. Greene, J. W., & Touchstone, J. C., Amer. J.
Obstet. Gynec., 85:1,1963.

WEEKS OF GESTATION

Figure 1

Estriol excretion during normal pregnan¬
cy, showing fitted" mean curve and the
dividing line between normal and sub¬
normal.

18 to 22 weeks, six out of 113 had
values below 8 mg. at 28 to 32
weeks, and one out of 66 had an es¬
triol value below 12 mg. at 38 to 41
weeks. A line joining these points
has been taken as the division be¬
tween normal and subnormal. These

points have been chosen partly from
experience in the practical applica¬
tion of the test and also because this
line approximates to the tenth per¬
centile.

Application of Urinary
Estriol Measurements

During the past five years, we
have measured estriol excretion in

over 4500 pregnancies including a

special community survey of 597 pa¬
tients in whom all clinical findings
were normal at the first antenatal
attendance. Our findings in the vari-~
ous groups studied during this

Or/Gym Dtc. fst / Scntemhrr. 1968
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period will now be reviewed.
Significance of High Urinary

Estriol Excretion12

In a series of 2394 patients the in¬
cidence of urinary estriol excretion
exceeding 40 mg. per 24 hours was
6.2 per cent, and after 39 weeks of
gestation, an estriol value above 40
mg. represented approximately the
ninetieth percentile.

In 141 singleton pregnancies with
estriol values above 40 mg., the only

.perinatal death was due to prolapse
of the umbilical cord. A high es¬
triol value, therefore, provides assur¬
ance that the fetus is not in jeop¬
ardy, regardless of the nature of
the associated obstetric complica¬
tions which indicated investigation
of estriol excretion. This series il¬
lustrated that prolonged pregnancy,
clinical placental insufficiency, and
hypertension, which are usually con¬
sidered in terms of low estriol ex¬

cretion and increased perinatal mor¬

tality, may also be associated with
high estriol excretion without fetal
jeopardy.

In the 141 patients with estriol
values exceeding 40 mg., the aver¬

age fetal and placental weights (3716
— Gm. and 621 Gm., respectively)

were above normal, the differences
being highly significant. In 30 of
these patients, however, both fetal
and placental weights were below
normal average indicating that some
other factor (such as the size of
the fetal adrenal gland9) is more di¬
rectly associated with maternal es¬
triol excretion.

Although estriol excretion above
40 mg. was not seen before 37 weeks
in singleton pregnancies, there was
12. Bcischer, N. A., et al., J. Obstet. Gynaec. Brit.

Cwlthin press.

no correlation found between high
estriol excretion and prolonged
pregnancy. Also, our data did not
support the concept that a high es¬
triol excretion is indicative that
spontaneous labor is imminent.13'14

Incidence and Significance of Low
Estriol Excretion"

Estriol excretion was measured
throughout pregnancy in 597 consec¬
utive patients whose pregnancies
were normal at the first antenatal
attendance. In this study, 90 patients
(15%) recorded at least one low
estriol after 28 weeks.

The incidence of antenatal com¬

plications which occurred in the
groups of patients with low and
normal estrio'l excretion are shown
in Table 1. The criterion of anemia
was a hemoglobin value of less than
10 Gm. per 100 ml. on one or more
occasions before delivery. The inci¬
dence of anemia in the low estriol
group was significantly higher than
that in patients with normal estriol
values (p<0.001). In an earlier
study we also found low estriol ex¬
cretion in approximately 25% of pa¬
tients with pregnancy anemias.16

Although all patients were nor-
motensive at the first visit, 72 de¬
veloped a blood pressure of 140/90
or above before delivery. The in¬
cidence of hypertension in the low
estriol group was significantly high¬
er than that in the normal estriol

group (p<0.001). There was no sig¬
nificant difference in the incidence
of threatened abortion, prolonged
pregnancy, or pre-eclampsia in the
low estriol group compared with
13. Klopper, A., & Billewicz, W. J., /. Obstet. Gynaec.

brit. Cwlth.t 70:1024,1963.
14. Turnbull, A. C., et al., Lancet, 2:627,1967.
15. Bcischcr, N. A., et al., in preparation.
16. Bcischcr, N. A., et al., Amer. J. Obstet. Gynec.,

in press.
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Table 1

URINARY ESTRIOL EXCRETION AND INCIDENCE OF ANTENATAL
COMPLICATIONS IN 597 PATIENTS

90 Patients with 507 Patients with

Low estriol excretion Normal estriol excretion

Complication No. patients Per Cent No. patients Per Cent

Anemia 28 31.2 60 12.0

Hypertension 24 26.6 48 9.4
Threatened abortion 18 20.0 78 j 15.4
Prolonged pregnancy 18 20.0 69 13.2
Clinical intrauterine

growth retardation 12 13.3 — —

Pre-eclampsia 8 8.8 57 11.2
Urinary tract infection 4 -A 4.4 21 4.2
Hepatosis 3 3.3 6 12
Normal pregnancy 19 21.1 211 41.5

that in the normal estriol group.
There were four stillbirths in the

low estriol group (4.4%), and two
stillbirths in the normal estriol

group (0.3%) (p<0.001). In this
series, four of the surviving infants
are known to have cerebral dam¬
age and three of these were in the
group with low estriol excretion.

In this study, infants were consid¬
ered to have intrauterine growth re¬
tardation when the birth weight was
less than the tenth percentile ac¬

cording to gestational age for pa¬
tients in this community.17 In the
low estriol group, 21.1% of infants
had intrauterine growth retardation,
the incidence being 3.1% in the nor-

' mal estriol group (p<0.001).
Thus, maternal complications such

as hypertension and anemia, and
fetal mortality and morbidity, were
shown to have a significant correla¬
tion with low estriol excretion.

Thirty-three per cent (198 of 597)
of the patients developed hyperten¬
sion, pre-eclampsia, or prolonged
pregnancy; of these one in five had

17. Kitchen, W. H., Aust. Paediat. J., 4:29,1908.

low estriol excretion, an incidence
similar to that reported in a highly
selected series of patients with these
complications.18

It was found that estriol excretion

may be low for many weeks in the
absence of abnormal clinical signs,
and yet be meaningful in terms of
impending fetal hazard. Routine es¬
triol measurement in such patients
may alert the clinician to the need
for termination of pregnancy in time
to avoid perinatal deaths and cere¬
bral sequelae. The true incidence of
neurologic impairment cannot be fi¬
nally assessed until long-term follow-
up studies are completed. A 35 per
cent incidence of mental retardation
was reported in a series of 14 in¬
fants selected solely on their moth¬
ers' low estriol excretion in the last
trimester of pregnancy.19 Large fol¬
low-up studies are required to deter¬
mine the incidence of cerebral dam¬
age when estriol excretion is low,
and also to evaluate whether these

sequelae can be prevented by prema-
18. MacLeod, S. C., et al., Aust. N.Z. J. Obstet.

Gynaec., 1:25,1967.
19. Wallace, S. J., & Michie, E. A., Lancet, 2:560,

1966.
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ture induction of labor and operative
delivery. The value of routine es-
triol measurements may be more in
the prevention of such sequelae than
in reducing perinatal mortality rates
significantly.

This study provides strong sup¬

port for the institution of urinary
estriol measurements as a routine

screening test for all patients at ap¬

proximately 30 and 36 weeks of ges¬
tation, and for performing serial as¬

says in those patients recording low
values. In considering the practica¬
bility of such a scheme, it is worth
emphasizing that approximately 50
per cent of these 597 "normal" pa¬
tients developed complications gen¬

erally accepted as indications for
estriol assay (Table 1). We believe
that the cost and administration in¬
volved in adding estriol estimation to
the present list of routine tests in
obstetrics is justified in terms of the
likely improvement in the quantity
and quality of fetal survival.
Correlation between Estriol Excretion

and Fetal Acidosis10

Recently, it has been shown that
the measurement of pH in fetal scalp
blood during labor is more accurate
in determining fetal prognosis than
are the clinical signs of fetal dis¬
tress.21 While fetal pH may im¬
prove diagnostic accuracy for the ob¬
stetrician, a problem concerning the
selection of patients for this test ex¬

ists, as clinical methods are inade¬
quate in selecting all patients in
whom the fetus is in jeopardy. We,
therefore, studied both the urinary
excretion of estriol and the fetal acid
base status in 80 patients with high
20. Fliegner, J. H., et al., Amer. J. Obstet. Gynec.,

in press.
21. Wood, C., Symposium on Prenatal Life, Wayne

State University, Detroit, 1967.

risk pregnancies, and analyzed the
results in relation to the fetal out¬
come. Most of the 80 patients showed
evidence of intrauterine growth re¬

tardation, and in addition, 23 had
hypertension, 21 had pre-eclampsia
with proteinuria, and in 11 pregnan¬
cy was prolonged beyond 42 weeks.

In the 56 patients with normal
estriol excretion, only four had a
fetal blood pH of less than 7.2 (Table
2). This incidence of low pH is simi¬
lar to that of patients with high risk
pregnancies.22 Of the four with a low
pH, three were born in poor condi¬
tion (Apgar 0 to 3), but soon recov¬
ered, and in the other, a repeat pH
measurement was normal. The one

fetal death in this group was the re¬
sult of cord prolapse.

Low estriol values were recorded
in 30 per cent of the 80 patients,
which is a similar incidence to that

previously reported in complicated
pregnancies.18 In 41 per cent of the
patients with low estriol values, fe¬
tal scalp blood pH was less than 7.2,
and this incidence was significantly
higher (p< 0.001) than that in pa¬
tients with normal urinary estriol
values (Table 2). Five of the six
infants with a low Apgar score (0 to
3) also had a fetal pH of less than
7.2. In these 24 patients with low
estriol excretion, the perinatal mor¬

tality rate was 8.3%.
From this study it was clear that

low urinary estriol excretion can be
used not only to help determine the
timing of termination of a pregnan¬

cy, but also to predict the likelihood
of the presence of fetal acidosis.

We would advocate the screening
of all obstetric patients by measure-

22. Wood, C., et al., Amer. J. Obstet. Gynec., 98:
62,1967.
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Table 2

RELATIONSHIP BETWEEN URINARY ESTRIOL EXCRETION,
_ FETAL pH, AND CONDITION OF FETUS AT BIRTH

Urinary Estriol Values
Normal Subnormal Total

No. of Patients 56 24 80

Fetal pH:
Under 7.2 4 (7%) 10 (41%) 14

Over 7.2 52 14 ) 66

Apgar Score:
0 to 3 5 (9%) 6 (25%) 11
4 to 10 51 18 69

Birth Weight:
Under 10th percentile 8 (14%) 14 (58%)* 22
Over 10th percentile 48 10 58

•The incidence of fetal growth retardation in the patients with low estriol values was significantly higher
than in patients with normal estriol values (pCO.OOl).

ment of the urinary excretion of
estriol. Patients with low levels
or clinical obstetric complications
should have this repeated at inter¬
vals. From the results of this test,
and the clinical findings, the need
for termination of the pregnancy and
its timing can be determined. If the
urinary estriol is low, or meconium
is present in the liquor at the time
of amniotomy, then the fetal scalp
blood pH should be measured. If the
fetal pH is less than 7.15 on two sep¬
arate measurements, even if estriol
excretion is normal, cesarean sec¬
tion is indicated unless conditions
are suitable for immediate vaginal
delivery. When estriol excretion is
below normal, a fetal scalp blood pH
of less than 7.2 is regarded as suffi¬
cient additional indication to war¬

rant elective cesarean section, irre¬
spective of the presence of clinical
signs of fetal distress. The manage¬
ment of patients must take into con¬
sideration clinical features as well as

the results of investigations, but it
is thought that the combination of

urinary estriol and fetal blood pH
measurements has added another

safeguard to obstetrics.

Urinary Estriol Assays in Specific
Obstetric Complications

Urinary estriol has been measured
in a variety of obstetric complica¬
tions (Table 3). A policy of prema¬
ture induction of labor has been
used in these situations in an endea¬
vor to reduce perinatal mortality.
Our experience of the patterns of
estriol excretion in two of these com¬

plications, antepartum hemorrhage
and pregnancy toxemias, will be de¬
scribed.

Antepartum hemorrhage:23 Es¬
triol measurements were perform¬
ed in 55 patients with mild antepar¬
tum vaginal hemorrhage. The
perinatal mortality in the group was
25 per cent. In 14 patients with pla¬
centa previa, all estriol values were
normal except in one patient with
an anencephalic fetus. Low estriol
values were found in 15 of 19 pa-

23. Bcischer, N. A., et al., /. Obstet. Gyrxaec. Brit.
Cwlth74:51,1967.
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WEEKS

Figure 3

Estriol excretion in 23 patients with hy¬
pertension, pre-eclampsia, and renal dis¬
ease who had low estriol values and sur¬

viving infants.

had severe pre-eclampsia, and seven
others had hypertension above 170/
110. In the majority, the estriol
values were rising steadily, and
some entered the normal range to¬
wards term. Many of these preg¬
nancies, particularly those with the
lower values, required considerable
obstetric effort and pediatric care to
obtain a surviving infant. The infant
associated with the lowest values
showed no signs of placental insuf¬
ficiency at birth, but now has evi¬
dence of cerebral damage.

Figure 4 shows the estriol values
recorded in the seven patients whose
infants died in the perinatal period;
two had severe pre-eclampsia, an¬
other two had hypertension above
170/110, and the placenta weighed
less than 350 Gm. in six. All of the
deaths were associated with abnor¬

mally low estriol values, and in those
patients in whom serial measure¬
ments were performed, the levels
were low and falling before the fe¬
tus died. In this group as a whole,
the finding of even one low estriol
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Figure 4

Estriol excretion in seven patients with
hypertension, pre-eclampsia, and renal
disease who had low estriol values and
whose infants had perinatal deaths.
NND =neonatal death: FDIU=fetal death
in utero.

value was associated with a peri¬
natal mortality of 23%. An impor¬
tant finding was that with a low es¬
triol value, the fetus at risk did not
necessarily show the classic fea¬
tures of placental insufficiency at
birth.

Urinary estriol measurements
have been shown to provide an ac¬
curate index of placental function
and fetal well-being. The finding of
normal values provides assurance
that the fetus is in no immediate
danger, and the test is thus an im¬
portant aid to conservative manage¬
ment.

The finding of values below 8 mg.
at 30 weeks to 12 mg. at 40 weeks
and beyond forecasts that the fe¬
tus is at risk, the chances of its
death being as high as 23% in some

groups. Such values should be re¬

peated one to three times a week,
depending upon the estriol value and
the severity of associated conditions.
The finding of rising values indi-
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cates a favorable prognosis. Low and
stationary levels show that vigilance
is required, and induction is indicat¬
ed as soon as the pregnancy is ma¬
ture enough. Such a decision is diffi¬
cult when the pregnancy has reached
only 32 to 34 weeks and the danger
of prematurity to an already under¬
nourished and hypoxic infant is
high. Many deaths in this category
are inevitable. Cesarean section is
often justified in these patients to
avoid the added trauma of vaginal
delivery and thus reduce the chances

of cerebral sequelae.
We believe that there is a strong

argument for using estriol measure¬
ments as a screening test at 30 and
36 weeks in all patients. It should be
emphasized that estriol estimations
are but an ancillary aid, and that fi¬
nal management should be based on
clinical findings, including amnio¬
centesis and fetal acid base studies.
Conservative treatment based upon
estriol measurements when there are

clinical indications to the contrary
is not recommended. ■
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