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INTRODUCTION
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INDRODUCTION

In 1928 Corner described the first of a series of experiments

that subsequently led to the isolation of progesterone. Using

extracts of corpora lutea, Corner and Allen (1929) produced

progestational proliferation In the endometrium of ovariectomized

rabbits; subsequently, Allen and Corner (1929) showed that

pregnancy could be maintained In ovariectomized rabbits by the

administration of extracts of corpora lutea.

Further work on these extracts led to an Improved method of

preparation of purified 'progestin' (Allen, 1932), An active

substance was also obtained from sow corpora lutea by Fevold,

HIsaw and Leonard (1932). In 1934 the Isolation of the

crystalline hormone from extracts of corpora lutea was described

by four groups of workers:- Butenandt, 'Vestphal and Hohlweg

(1934); Hartmann and Wettsteln (1934); WIntersteiner and

Allen (1954) and Slotta, Ruachig and Fels (1934 a and b). The

latter group suggested the correct structure and designated the

compound progesterone. Then Butenandt and Schmidt (1934)

confirmed the structure by partial synthesis from pregnanediol.

a compound which previously had been isolated from human

pregnancy urine by Marrian (1929), Butenandt (1930) had

confirmed this isolation and had proposed an approximately

correct structure for the compound (Butenandt, Hildebrandt and

Brucher, 1931). The possible link between pregnanediol and
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progesterone was thus apparent at an early stage.

There followed a period during which many related steroids

were isolated from urine and from certain tissues. Progesterone

itself was isolated from ox adrenals (Beall, 1958) and later

from human placentae (Pearlman and Cerceo, 1952; S&lhanick,

Noall, Zarrow and Samuels, 1952); the hormone was also

demonstrated in human pregnancy plasma (Salhanlok, Jones,

Merrill and Neal, 1954; Zander, 1954; Zander and Simmer,

1954).

In the past two decades many workers have studied the

excretion of the related compound, 5p-pregnane-3o;:20a-diol,
x

8pregnanediol1 , in urine. Hirschmann (1940) isolated

1pregnanediol' from the urine of ovarioctomized women and

suggested that it originated from the adrenal cortex;

'pregnanediol1 was isolated from the urine of normal men by

Zngel, Thorn and Lewis (1940).

x In this thesis the correct descriptions of the compounds are

followed by their simpler trivial names; thereafter, the

trivial names are generally used.
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The presence of an acid - hydrolysable combined form of

'pregnandiol' in human pregnancy urine had been demonstrated

by Odell and Marrl&n (1930). Following this, Venning in 1937

described a gravimetric method for the estimation of sodium

pregnanodiol glucuronide. The clinical application of

Venning's method showed that excretion of the crude sodium

pregnanediol glucuronide rose steadily throughout pregnancy

(Vanning, 1938) and that excretion was increased in the second

half of the menstrual cycle (Venning and Browne, 1937). In

1944 Heard, Hoffmann and Mack confirmed the structure of the

pregnanadiol glucuronide in human pregnancy urine, but this

did not prove that all the crude sodium pregnanodiol glucuronide

obtained by the Venning (1937) method, was the sodium salt of
' pregnanediol' £--glucuronide.

Sutherland and MarrSan (If47) showed that the crude

sodium pregnanediol glucuronide precipitate also contained a

katonic fraction which was probably the glucuronide of 3a-

hydroxy-5p-pregnan-20~one (!prognanolone')» This work was

followed by the development of more specific methods for the

assay of 'pregnanediol' in which hydrolysis of the urinary

conjugates and chromatography were used (Klopper, Michie and

Brown, 1955; Sberlain and Bongiovanni, 1958), These more
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specific methods were applied to clinical problems and the

results which were obtained generally confirmed the results of

Vanning and Browne (1937), and Venning (1938), The clinical

application of these assay methods has been reviewed by Loraine

(1958) and others.

The next stage in the investigation of the metabolism of

progesterone in man was the use of the iaotoploally labelled

hormone; experiments of this type confirmed that 'pr3gnanediol'

was the major urinary metabolite of progesterone in man.

However, only about 50$ of a d03e of progesterone could be

recovered from the urine as 1pregnanediol1 and as Ghs major

ketonic metabolite, 5c:-hydroxy-5p-pr9gnan-«20~ono,
1 pregnenolone' (Bradlow and Gallagher, 1965; Wiest, Aijimoto

14
and Sandberg, 1955). In these earlier studies with (4- C)

progesterone about 60$ of the injected radioactivity was

recovered in the urine. More recent work has confirmed these

observations and extended them; Sandberg and Slaunwhite (1953)

recovered about 13$ of the Injected radioactivity from the

faeces of normal subjects and also showed that the biliary

excretion of radioactive metabolites was about 30$ of the

original dose of (4-^C) progesterone. However, the largest

fraction of the Injected radioactivity which can be obtained

as free 3teroid metabolites has remained the neutral fraction
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of extracts which are obtained after (3-glucuronidase hydrolysis

of the conjugates in urine. Contractor and Pearlman (1960)

and Chang, Slaunwhite and Sandberg (1960) recovered about 30$

of the injected dose of radioactivity in this fraction. In

addition to this glucuronide fraction, a snail 'free' fraction

of about 1-2$ and a 'sulphate' fraction of about 5$ of the

injected radioactivity wore recovered from the urine by

Sandberg and Slaunwhite (1958), Thus about 30-35$ of the

injected radioactivity or about 60-70$ of the total urinary

radioactivity has been recovered by the methods of extraction

and hydrolysis which have been used previously.

Recently there has been an increase in the number of

radioactive compounds which have been structurally identified

in urinary extracts following a dose of radioactive progesterone.

Chang et al (1960) identified radioactive progesterone, 5p-

pregnane-3:20-dione and 5a-pregnane-3b:20o-diol, 'alio-

pregnanediol', in addition to 'pregnanediol' and 'pregnanolone'.
Pearlman (1957) and Contractor and Pearlman (1960) obtained

radioactive ' pregnandiol', ' pregnanolone' and 6(3-pregnane-

5:20-dlone from the urine after the injection of (16- H)

progesterone. The compounds which have been identified as

metabolites of progesterone in the work outlined above, did not

account for all the urinary steroids which might be included

in this category.
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The urinary steroids which were believed to be metabolites

of progesterone in man but which had not been shown to be

derived from progesterone in previous tracer investigations are

shown in Table 1. In addition to the simple reduction products

of progesterone like those listed in Table 1A, Chang ejb al.

(1960) and Contractor and Pearlman (1960) have described

metabolites which were more polar than ' pregnandiol' J

however, these workers made no attempt to separate and

characterise such metabolites* This more polar fraction

may correspond to some of the urinary steroids which have

already been isolated and which are shown in Table IB,
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Table 1

x

Urinary steroids belied to be metabolites of progesterone In man

A, The simple reduction products of progesterone

Structure Source Reference

5a-pregnane-3p:20a-diol Pregnancy urine Marker,Birtley,Whittle
and Lawson (1938)

Scc-hydroxy-dcr -pregnan-20 -
one 5allopregnanolone'

Pregnancy urine Marker, Karnm and
McGrox (1957)

3 p-hydroxy-5a~pregnan-
20-one

Pregnancy urine Pearlman, Plncus and
Werthessen (1S42)

5a-.pregnane-3:20-dionQ Pooled normal
urine

Lieberman, Dobrlner,
Hill, Fleser and
Rhoads (1948)

B. More polar urinary atarolds believed bo be metabolites of
progesterone

5a: ea-dihydroxy-ba-
pregnan-SO-one
3a -6a -d ihydroxy -5p-
pregnan-20-one

-

Pooled normal
urine

Lieberman, Fukushlma
and Dobriner (1950)

3p: 6a-dihydroxy-5a-.
pregnan-20-cne

Normal urine Saiamon and Dobriner
(1954)

5a-pregnana-3p:16a:
20a-trlol

Normal urino Lieberrnan, Praets,
Humphries and
Dobriner (1953)

5p and 5a-pregnane-3a:
16c:20a-triol

Pregnancy urine Pirschmann, Hirsch-
mann and Zala (1961)

3a;16a-dihydroxy-5a-
pregnan-20-one
3a:16a~dihydroxy-5p-
pregnan-20-one

Urine of patients
with adreno¬
genital syndrome
and salt loss

Neher, Meystre and
Wottstein (1959)

x The steroids listed here have not yet been proved to be
derived from progesterone in previous tracer
investigations.
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Because progesterone is an important intermediate in the

biosynthesis of the steroid hormones, there are many more

possible products from the metabolism of progesterone in man

than those which have been mentioned already. Progesterone is

a precursor of the adrenal corticosteroids (Grant, 1960), the

C13 steroids (Slaunwhite an^feamuels, 1956; Lynn and Brown,
1958) and via the Gi0 steroids, the oestrogens (Baggett, Bngel,

Savard and Dorfman, 1956; Ryan and Smith, 1961). These

biosynthetic processes take place mainly in the adrenals,

testes and ovaries.

From the pre\-ious discussion it is apparent that there

are a large number of possible metabolites of progesterone in

man and that relatively few of these have been Identified in

earlier tracer investigations. Such investigations have also

shown that only about 30$ of a dose of progesterone can be

extracted from the urine.

The work described in this thesis was undertaken in order

to identify the structures of the metabolites of progesterone,

A detailed chromatographic investigation was performed on the

neutral gluouronlda extract from the urine of an adrenalectoraized,

ovarieetomized woman following the injection of (4—}

progesterone. This was followed by a study of the metaoolites

in the same fraction following the administration of larger doses
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of unlabelled progesterone to adrenalectomized, ovarlectoraized

women. It wa3 found that the chromatographic properties of

those unlabelled urinary metabolites were similar to those of

the radioactive metabolites which have been obtained in the

present investigation. The chemical and physical properties

of the unlabelled metabolites provided evidence of the structures

of these compounds, In order to Increase the recovery of

injected radioactivity from the urine and to provide a basis for

more quantitative investigations of progesterone metabolism, the

existing methods for the extraction and hydrolysis of the free

and conjugated urinary metabolites of progesterone have been

investigated.

In addition to the work outlined above, the methods of

detection and measurement of "*"^C which were used in the present

investigations are described. An important limitation in the liquid

scintillation counting of crude extracts has been found; this is the

'chemiluminescence' of crude extracts. During the course of other

investigations in which Cortisol was being oxidized with periodic acid,

it was noted that periodic acid was capable of oxidizing the steroid

llp-hydroxyl group. This atypical oxidation has been investigated and

an interesting stabilization of this group by electronegative sub-

stltuents has been demonstrated. These two studies are presented

separately from the major part of this thesis in an appendix.
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CLINICAL SECTION

14 .

I. Clinical details of patients receiving (4- C)
progesterone.

II, Clinical details of patients receiving unlabelled
progesterone.

Methods of administration of (4-^C) progesterone.

Results.

I. Sfficiency of methods of administration of
(4-1progesterone.

14
II. Purity of (4- ~C) progesterone.
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CLINICAL SECTION

A. I, Clinical details o.f the patients reoolvlng: (4-^rM
Progesterone "" "*** *~ "

All the investigations reported in thia thesis were

performed on patients suffering from metastatic mammary

carcinoma for which they had been bilaterally adrenalectomized

and ovariectomized. A summary of the clinical details of the
1 A

subjects who received intravenous (4- c) progesterone i3

shown in Table 2, All subjects ware in hospital during the

time of investigation and were ambulant; in none of them was

there evidence of hepatic or renal disease.

Complete 24 hour urine collections were made in all

subjects. After collection the urine was stored at 4°C,

for periods ranging from 1 to 4 days beforo It wa3 subjected

to the extraction and hydrolysis procedures detailed elsewhere

(p. 50).



Table
2

Clinical
details
of

patients
receiving

raror.es
tor

one

Patient
i|iji

Age
-years

ij

Date
of

mastectomy
and

radiotherapy:

■

!

Date
of

bilateral
adrenal,
ec

tomy
and

ovariectomy
II

Dose
and

datî
of

admin,
ofprogss

tcrone
Site

of
main,metastases

;

Daily
dose

of
cortisoneacetate

at

the

time
of

theadministration
of

progesterone

i

Body
weight

at

the

time

of

adci.
of

proges
terone

A.W.

55

April
1958

23.5.58
20

pa

(4-1Mprogesterone
+

25

rag.progesteroneinjection
EP

IM
on

2.2.60.

Lowsrthoracicvertebrae'

100
mg.*

■

1

7

st,
6

lbs.
j!

B

53

February
1954

27.11.59
2

jue

(A-1i*0)progesterone
on

6.8.60.

Lowercervicalandupperthoracicvertebrae
25

0g.

9

st.10
lbs.

IJjIj

S

41

July
1959

111

29.7.60
2

m

(4-1ito)progesterone
on

1.10.60.
lumbarvertebrae
37.5

ag.

11st.
5

lbs.

Y

53

May
1958

2.2.61

2

;ic

(4-1ZtC)progesterone
on

9.3.61

Leftaxilla

50

njg.

...

...

10

st.
6

lbs.

*

Patient
A.W.

suffered
from

bronchial
asthma
and
for
this

reason
received
a

relatively
large
dose

of

cortisone
acetate

,
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II. CLINICAL DETAILS OF THB PATI5NTS R30SIVIHG UNLAB^LL^D
PROG "IST^RON f5

All the investigations were performed on patients suffering

from metastatic mammary carcinoma for which they had been

previously subjected to bilateral adrenalectomy and ovariectomy,

A short clinical summary of the patients is presented in Table 3,

This summary is less detailed than that for the tracer experiments

because the patients were not studied individually, but a3 a

group. In addition to the subjects described in Table 5, those

detailed in Table 2 were also studied. The patients to whom

unlabelled progesterone was administered were roughly comparable

in age and in severity of the disease to those in the tracer

studies (Tables 2 and 3)3 they were maintained on cortisone

acetate, given orally, in a dosage of 25-75 mg. per day. All

patients were injected Intramuscularly with 100 mg, of proges¬

terone (as progesterone Injection B.P.) and the urine collected

for 10 days thereafter. The methods of collection and storage

of the urine have been described above.
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Table 3.

Clinical details of patients receiving unlabelled progesterone

Patient Age
Years

Date of first treatment
for mammary carcinoma

Date of Adrenalectomy
and Ovariectomy

1 53 Simple mastectomy,
Sept. 1953

21.8.58

2. 60 Simple mastectomy,
Jan. 1958

23.8.60

3 52 Radiotherapy,
Feb. 1958

14.4.59

4 54 Radiotherapy,
May 1957

22.12.60

5 53 Simple mastectomy,
1948

13.12.60

6 46 Radiotherapy,
Sept. 1959

11.10.60
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B. H3TH0DS OF ADMINISTRATION OF (4-14C) PR0G3STSR0NB

The doses of (4-14C) progesterone were Injected Intra¬

venously in 10% ethanollc saline. Patient A.W. (Table 2)

was injected with 20/iC (0,3 mg.) of (4-14c) progesterone

through an intravenous drip. The dose was injected into the

tubing of the 'drip set' near the needle which had been placed

in an arm vein; the syringe was then rinsed several times by

withdrawing saline from the tubing of the 'drip set'. The

total time taken for the injection in patient A.W, was 15 minutes.

The other subjects were injected directly into an arm vain with a

2/aG dose (0.03 mg, of (4~^4C) progesterone; this dose was

dissolved in 20 ml, of 10% ethanollo saline which was injected

slowly over a period of 5 minutes.

In order to avoid losses of tnc hormone, the methods of

administration of the dose were designed to reduce the surface area

in contact with the labelled steroid to a minimum. All the apparatus

In contact with the dose of labelled hormone was washed 5 times with

ethyl acetate. In the case of the larger dose, the tuoing through

which the radioactive hormone had passed was 'extracted' 5 times

with ethyl acetate. The radioactivity in the ethyl acetate was

then determined and from this the total dose which had been

administered could be calculated.
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G. RESULTS

I. Hfflciency of the methods of intravenous administration

of (4-^C) progesterone
/

Hellman £t all. (1854) have shown that losses of up to
about 10^ of the dose may occur if 14C labelled steroids are

administered by simple intravenous drip; this method allows

a solution of the steroid to remain in contact with a large

surface area over periods of 30 minutes or more. In the

present investigations, only a small percentage of the dose

which was prepared for the patient was recovered from the

apparatus in contact with the labelled hormonej thus a

high percentage of the dose which had been dispensed was

probably administered to the patients (Table 4).
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Table 4

The efficiency of the methods U3ed for the Intravenous
administration of (4-14q) progesterone

Method of Administration Patient The administered dose
expressed as a per¬
centage of the dispensed
dose

Infection through the
tubing of an intravenous
drip

A.W. 99.6

Direct injection
an arm vein

into B. 94.7

Direct injection
an arm vein

into S. 95.7

Direct injection
an arm vein

into y. 96.9
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•j ^
II • Purit,y of the (4--"C) progesterone

(4-^C) progesterone was obtained from the Radiochemical

Centre, Ameraham, Bucks., and lt3 chemical purity was checked

by paper chromatography in system PS (p. 55 )j in thl3 system

progesterone travelled with an Rf valuo of 0.7. The radio¬

active Impurities were located by scanning the paper for .

The small amounts of radioactive impurities and their Rf

values in system PS ara shown in Table 5. Savard (1954)

chromatographed progesterone which had been previously

shown to be chromatographically pure and recovered 98$ of the

original sample as progesterone. In view of the results in Table 5

and the findings of Savard (1954), the (4-^^C) progesterone was

administered without further purification.

Table 5

The Rf '/-glues and amounts of radioactive impurities in the

(4--4C)"progesterone

Rf value In system PS Percentage of the total radioactivity
chromatographed

0.91 1.0

0.23 1.1

0.02 0.6

Total 2.7
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Tire URINARY METABOLITES OF PROGESTERONE

A. The excretion of radioactivity in the urine following the
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B, An evaluation of the methods of extraction and hydrolysis
U3ed to obtain the metabolites of progesterone from urine,

I. Methods

II. Results

1. Methods of extraction

2. Hydrolysis of the conjugated urinary metabolites
of progesterone by p-glucuronidase preparations

S, The 'sulphate' fraction

4. Hydrolysis with hot acid
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freely extractable fraction
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II. Methods chosen to obtain the unlabelled metabolites of
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B. The radioactivity recovered by extraction and hydrolysis of
the serial urine specimens of subject A.W.
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O'l ———1—L—1——L-J—1
Day I 23456789

Fiq. I.
The recovery of radioactivity in the urine of
subject S after the intravenous injection of
2jJC.of [4-l4C] Progesterone
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01
Day I 2 3 4 5 6 7 8 9 10 II

Fig. 2
The recovery of radioactivity in the urine of subject
Y after the intravenous injection of 2>JC.of [4-Mc]
Progesterone.



A. TH3 EXCRETION OF RADIOACTIVITY IN THTg URINE FOLLOWING THS

INTRAVENOUS ADMINISTRATION OP (4-14C^ PROGESTERONE

Sandberg and Slaunwhlte (1958) have shown that approximately

60% of tho administered radioactivity was excreted in the urine,

mainly in the first 3 days. In the present study the total daily

excretion of radioactivity in the urine from patients S. and Y.,

following a 2 uC dose of (4-^4C) progesterone, Is shown in Figures

1 and 2. It is apparent that the majority of the dose was

excreted in the first 3 days. The total recovery of the radio¬

activity which could be measured In the urine of these patients

was 64^? of the dose administered to patient S. and 52£ for patient

Y. Despite the fact that the majority of the injected dose was

excreted In the first 3 days, radioactivity was still detectable

in the urine 14 days after its administration; the small amounts

of radioactivity In the urine at this time could not be measured

by the methods which were currently available In this laboratory.

Because the injected radioactivity was excreted predominantly in

the first 3 days' urine after the injection, the first 3 days'

urine from each subject was pooled and was employed for all

investigations into methods of hydrolysis and extraction used to

obtain the urinary metabolites of (4-^4C) progesterone.
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B. AM EVALUATION OP T-T3THQDS OF EXTRACTION AND HYDROLYSIS US^D TO

OBTAIN TH% METABOLITES OP PROGESTERONE FROM TIRING.

I • Methods

The extraction of a 'free* fraction was carried out before any

hydrolysis procedures were performed, but the pH of the urine as

measured by a glass electrode was sometimes adjusted before

extraction; this adjustment was with glacial acetic acid to pH

4-5 or with concentrated HaS04 to pH 1. For enzymlc hydrolysis

with the limpet p-glucuronidase preparation, the urine was adjusted

to pH 4.7 and one-tenth volume of 1 molar acetate buffer added; a

suitable weight of the dried enzyme preparation was dissolved in the

urine which was then incubated at 37°C. The p-glucuronldase

preparation was obtained from the limpet, Patella vulgata. using the

method of Fotherby and Love (1960a); the activity of this

preparation was about 1-3 x I0e units/gm. when assayed by the

method of Fishman, Springer and Brunetti (1948). These units

are used throughout this thesis to express the activity of p-

glucuronidase preparations.

In the investigations of the sulphate fraction, Keutscher-

Steudel liquid-liquid extractors were used for continuous ether

extraction at pH 1. Hydrolysis with hot acid was performed



22 .

by the addition of 15 volumes % conc. HC1 which was added

through the reflux condenser when the urine was boiling.

After hydrolysis the urine was cooled and extracted with

chloroform. The extract was washed with one-tenth volume

0.1 N-NaOH and then twice ?;ith one-tenth volume distilled

water; the pH of the final washing was neutral. All

chloroform extracts were dried with anhydrous sodium sulphate

and filtered; when a quantitative determination of the radio¬

activity in the extract was required an aliquot was taken.

The extracts were evaporated to dryness In vacuo at a temperature

less than 60°G. In order to evaporate n-butanol extracts to

dryness jLn vacuo, it was necessary to use an air leak and to raise

the temperature to 70°C.



11 • RESULTS

1. MSTHODS OF EXTRACTION

(i) The freely extraotable fraction

In their studies of the urinary metabolites of progesterone,

Sandberg and Slaunwhite (1958) recovered less than 5% of the

urinary radioactivity by extraction with ether or chloroform before

hydrolysis. In the investigations on the urine of patient S.,

7.6%' and 6.9% of the total urinary radioactivity was extracted

from fresh urine at pH 4.7 by 2 volumes of chloroform. When the

pH of the urine was adjusted to 7, 5.0$ and 6.7$ of the urinary

radioactivity was recovered by the same procedure, '.Then the

urine from patient S. was adjusted to pH 7 and extracted with 2

volumes of the less polar solvent, light petroleum (b.p. 80-100°C,),

only 0,7% of the urinary radioactivity was recovered in the extract.

Since light petroleum would extract from urine the less polar

steroids such as progesterone, but not the steroids of greater

polarity, it is probable that most of the radioactivity extracted

with chloroform was associated with the more polar compounds.

(li) Spontaneous changes occurring in the urine during storage

The experiments which have been described above were conducted

with fresh urine. The importance of using fresh urine was

Illustrated by the changes which occurred when the urine of patient B.

was stored at 4°C. When this urine was fresh, its pH was 5,6 and



12% of the total urinary radioactivity could be recovered by

extraction with 2 volumes of chloroform. After storage for 1

month at 4°G, the pH of this urine was adjusted to 4,7 and it was

then extracted twice with two volumes of chloroform. The extract

contained 88% of the total urinary radioactivity. After storage

of the urine for a further week at 4°C,, the total urinary radio¬

activity had fallen to 78$ of its original value. Prom this

evidence it was concluded that spontaneous changes may occur in

urine stored at the temperature of the ordinary refrigerator or

cold room. In order to reduce these changes as far as possible,

urine specimens were stored not longer than 3-4 days in the cold

room| when it wa3 necessary to keep urine for longer periods, it

was stored at -20°C. in a deep freeze. Because of these changes

In the amounts of the urinary metabolites which could be extracted

from urine, no detailed comparisons were made between the

recoveries of radioactivity from urine samples which had been kept

for different periods of time,

(iii) Extraction methods used after enzymio hydrolysis of the
urinary conjugates

In some quantitative methods, an hydrolysis procedure is

followed by repeated extractions with an organic solvent. In the

present study, urine from subject S, after hydrolysis with a p-

glucuronidase preparation was repeatedly extracted with 2 volumes
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of chloroform. The recovery of tha total urinary radioactivity

in the first extract was about 58% and that in the second extract

about 7% (Table 6), The yield from further extractions was only

about 2% of the total urinary radioactivity and the partition

coefficient of the radioactivity which was obtained was about

0.3-0.4 in the system used in the countercurrent distribution

In contrast to this finding, the partition coefficient of the

radioactivity from the first extract was approximately unity,

in the same system; the partition coefficient of 'pregnanediol'

was 1,3 in this solvent system. Therefore one extraction should

recover the majority of the free steroids released by anzymic

hydrolysis. However, in order to improve the yield for

quantitative purposes, one further extraction is advisable. Two

extractions were used throughout the experiments on hydrolysis,

unless otherwise stated.
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Table 6

The efficiency of extraction with 2 volumes of chloroform after

hydrolysis with C-.Glucuronidase

Aliquot3 from tho
urine of subject S.

% Recovery of the total urinary radio¬
activity

First extraction Socond extraction

Sample 1 47.1 9.0

Sample 2 56.2 9.4

Sample 5 62.7 5.9

Sample 4 65.3 3.7
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(iv) attraction of highly polar compounds

The recovery of urinary metabolites which prove resistant

to hydrolysis and subsequent conventional extraction procedures

may be possible using the methods which have been developed

for the extraction of steroid conjugates. Klyne, Schachter

and Marrian (1948) used n-butanol for the extraction of steroid

conjugates. In the present investigation the efficiency of this

method of extraction was assessed. Urine was adjusted to pH 1

with conc. HaSOa and extracted three times with one-third volume

of n-butanol. Using this method, 93$ and 89$ of the total radio¬

activity was recovered from the urine of patient 33., and 82$ and

88$ of the total radioactivity was recovered from the urine of

patient S. After enzymic hydrolysis and chloroform extraction of

the urine, a further 11$ and 14$ of the total radioactivity was

recovered from the urine of patient S. by extraction with n-butanol;

the corresponding recoveries from the urine of patient Y. were 14$

and 15$,

It wa3 concluded that the majority of the urinary radioactivity

can be recovered from fresh urine by extraction with n-butanolj

after the removal from urine of about 70$ of the metabolites by

ensymlc hydrolysis and chloroform extraction, about 10-15$ of the

total radioactivity was removed by extraction with this solvent.

Because the 'sulphate' fraction obtained after enzymic hydrolysis only

contained about 5-10$ of the total urinary radioactivity,some further
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radioactive metabolites might be recovered from urine

using n~butanol extraction. The extract obtained in

this way was heavily contaminated, especially when the

urine had been previously saturated with salt to increase

the efficiency of extraction. The further investigation

of such a heavily contaminated extract would be difficult

and was not attempted.
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2« HYDHOLYSIS OF TI1D OONJUGAT1D UKINARY M5TAB0LIT3S OP PR0GSST3R0NS

BY B-GLUGITROMIDAS"3 PREPARATIONS.

Sandberg and Slaunwhite (1950) have shown that the majority

of the urinary metabolites of progesterone are released by Incubation

of the urine with a p-glueuronidase preparation. The neutral

fraction of the extract obtained after this form of hydrolysis

contained about 40-70^ of ths urinary radioactivity. The acidic

and phenolic fractions contained very little radioactivity

(Gallagher _ot al>« 1954).

(i) Effect of high concentrations of enzyme and prolonged incubation

Prom previous studies (e.g. Fotherby and Love, 1960a) it was

known that hydrolysis of many conjugates was largsly complete after

incubation for about 18 hours with p-glucuronidase concentrations of

approximately 1000 units/ml. of urine. However, incubation had

sometimes been continued for 5 days (Gallagher at al , 1954) and

even for one week (Brooksbank and Haslewood, 1950). In the

present study an Investigation was made into the effect of increasing

both the enzyme concentration and the period of Incubation on the

recovery of radioactivity from the urine of subject X. The

results of these experiments are shown in Table 7.
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Table 7

The effect of prolonged Incubation and excess Q-r.lucuronidase on the

radioactivity recovered from urine by extraction with chloroform

Enzyme concentration ,nnn
units/ml, of urine

5000

Duration of Incubation
at 37 °0. In hours

15 45 135 15 45 135

% Recovery of
the total
urinary
radioactivity

Sample lx 54.4 63.4 65.5 75.9 54.8 68.1

Sample 2X 52.4 6S.1 75.9 75,9 68,4 71.2

The meam of
the duplicates ■<*•toto 64.8 70.7 75.9 61.6 69.7

The means for
the two differ¬
ent enzyme
concentrations 63.0 69.1

x Samples 1 and 2 were aliquots from the pooled urine
of subject Y.
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X

An analysis of variance was performed on the results shown

in Table 7 and no significant difference between enzyme concen¬

trations was found (P > 0.05), However, the effect of different

periods of incubation in increasing the recovery of radioactivity

was just significant (P < 0.05). It, therefore, appeared reasonable

to conclude that a small increase in the recovery of radioactivity

occurred with prolonged incubation. In an attempt to increase the

recovery of radioactivity, the pooled washes of the chloroform

extracts (i.e. the acidic and phenolic fractions) were extracted

with one volume of chloroform; only of the total urinary

radioactivity was obtained. Therefore this procedure is probably

only of value when applied to the alkaline washes of fractions

containing large amounts of radioactivity.

(ii) A comparison of the efficiency of 3ome Q-glucuronldase
preparations

A variety of p-glucuronidase preparations are available for

the hydrolysis of steroid conjugates. In an attempt to select the

most efficient of these,a comparison was made using the optimum

conditions reooramended for each preparation (Appendix A, p. 172).

The results in Table 8 show no significant differences.

x I am indebted to Professor R.B.Fisher for this and
subsequent analyses of variance.
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Table 9

The efficiency of some k-fslucuronidase preparations

Source of enzyme Cone, in units/
ml. of urine

% Recovery of the total
urinary radioactivity

x x

Sample 1 Sample 2

Bacteria (!3,coli) 10 54.1 49.3

Liver (mammalian) 1000 57.7 50.0

Limpet (Patella
vulgata)

1000 58.0 56.8

Snail (Helix
pomatia)

1000

■

58.0 55.9

x Samples 1 and 2 were aliquots from the pooled urine of subject Y.

The buffers and optimal pHs used in these experiments

are described in Table 32 in Appendix A.



(iii) Inhibition of r-nlucuronldase in urine

The presence of a 3accharo-lactons-like inhibitor of p-

glucuronidase in human urine has been reported by Abul-Padl (1957)

and Marsh (1S61). In the present investigation,a recovery of only

about 40$ of the urinary radioactivity was sometimes obtained from

batches of urine after a single addition of a p-glucuronidase

preparation. These low recoveries may have been due to the

presence of an inhibitor similar to that described by Abul-Padl

(1957) and Marsh (1961). A method for reducing the effect of this

p-glucuronldass inhibitor is to add the enzyme preparation stepwise

(Fotherby and Love, 196Gb).

An amount of enzyme which was sufficient to produce a

concentration of 2000 units/ml. of urine was added to urine

initially and the same amount was added after incubation for 48

hours; the urine was then incubated for a further 48 hours. The

subsequent chloroform extracts contained 795' an& 79$ of the total

radioactivity in the urine of patient Y., and 75$ and 64$ of the

total radioactivity in the urine of patient 3.

It will be noted that these recoveries are at the upper end

of the range of recoveries obtained after a single addition of a

p-glucuronidase preparation (Table 7). From this evidence it

appeared reasonable to add the enzyme stepwise to overcome this

inhibitory effect.



Levvy (1952) showed that p-glucuronidase activity and

inhibition by saccharo-l:4-lactone were reduced at the same rate

in solution at pH 4,7; this worker also demonstrated that the

inhibitor was unstable in solution at pH 7, In tho present

investigations it was noted that the yield was greater when urine

was allowed to remain at pH 7 for several hours before the addition

of the enzyme preparation. Unfortunately, because of the small

volume of urine available, it was only possible to perform a limited

experiment to check this observation. However, in view of the

interest of the results, they have been included in this thesis.

Urine from patient Y, was incubated at approximately pH 7 for 24

hour3 before the addition of sufficient p-glucuronidase to produce

a concentration of 1000 units/ml, of urine; incubation was then

continued for a further 24 hours. After this procedure, the

radioactivity recovered by the- extraction with chloroform was 59$

and 57$ of the total urinary radioactivity; however, after

incubation for 48 hours with p-glucuronidase at the same concen¬

tration of 1000 units/ml, of urine, only 48$ and 46$ of the total

radioactivity was recovered from the urine. The amount of radio¬

activity released by incubation for 24 hours at pH 7 was negligible.

Prom this evidence it appeared reasonable to conclude that there might

be an alternative method for overcoming the effect of the saccharo-

lactone-like inhibitor of (:-glucuronidase in urine.
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(iv) Sffeot of high concentrations of a p-glucuronidase preparation
on the recovery of steroids from urine

A ' firm alow fixation' of steroids to protein baa been

described by Lehninger and Scott (1947) and Mueller, Herranen and

Jervell (1958); Lieberman, Tagnon and Schulman (1952) have shown

that these 'protein bound' steroids may be extremely difficult to

recover from the protein. This fixation may account for the

failure to recover all the radioactivity from urine after the

addition of a p-glucuronidase preparation, especially when incubation

is prolonged (Table 7). The effect of Increasing concentrations of

p-glucuronidase on the recovery from urine of free steroids was

investigated. When radioactive steroids were incubated with p-

glucuronldase and urine for 45 hours, and the urine then extracted

twice with two volumes of chloroform, the radioactivity recovered

in the extract was reduced, compared with a control urine without

added enzyme (Pig, 3). This loss was greater at higher enzyme

concentrations. When an analysis of variance was performed on

the results, the effect of the different enzyme concentrations was

found to be significant (P < 0,01).



Table 9.

The effect of different concentrations of a f-glucuronidase

preparation on the recovery by chloroform extraction of steroids

added to urine

Cone, of enzyme activity
units/ml, of urine

Weight of the
powder

% Recovery of the total
urinary radioactivity

mg./ml, of
urine

X

Sample 1
X

Sample 2

0 0 92.3 92.2

1000 0.67 86.8 91.3

5000 2.01 83.5 81.0

5000 3.35 80.3 79.6

x Samples 1 and 2 were duplicates.
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3. THE 1SULPHATE' FRACTION

The method of continuous ether extraction of urine at pH 1,

described by Lieberman and Dobriner (1948), has been the most

widely used procedure for obtaining a 'sulphate' fraction after

hydrolysis with a p-glucuronidase preparation. Gallagher _et ai.

(1954) recovered a further 10# of the total radioactivity in the

urine by this method. Sandberg and Slaunwhite (1958), using the

same method, obtained a further 6# of the total urinary radio¬

activity,

(i) An evaluation of continuous ether extraction of urine at pH 1

When continuous ether extraction was performed on the urine

of patient B. before hydrolysis with a p-glucuronidase preparation

and after extraction of a 'free' fraction with chloroform, 15#

of the total urinary radioactivity was recovered! after

enzymic hydrolysis only 8# and 9# of the radioactivity was

recovered from the urine by continuous ether extraction at pH 1.

Further experiments confirmed that the recovery of radioactivity

in the 'sulphate' fraction was larger when continuous ether

extraction at pH 1 preceded hydrolysis with a ^-glucuronidase

preparation; 28# and 29# of the radioactivity was recovered from

the urine of patient 3. and 13# and 12# respectively of this

urinary radioactivity was extracted from the ether by alkali (the
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'unhydrolysed glucuronide' fraction). In order to show that this

large 'sulphate* fraction, which was obtained by initial continuous

ether extraction of urine at pH 1, was largely hydrolysed, the

partition coefficient of the radioactivity was determined in the

system used for the countercurrent distributions (p,54). This

'sulphate' fraction obtained before enzymic hydrolysis contained

69% and 64^ of total radioactivity in the urine of patient Y,

The partition coefficient of the radioactivity in this extract

was 0,85 In the system used for the counterourrent distribution;

this coefficient is approximately the same as that of the steroids

released by a p-glucuronidase preparation and greater than that

of 'conjugated' steroids,

The p-glucuronldase preparation used does not hydrolyse

steroid sulphates in urine to any appreciable extant, In the

present investigations, the 'sulphate' fraction obtained by

continuous ether extraction before hydrolysis with a p-glucuronldase

preparation wag larger than the corresponding fraction obtained

after hydrolysis with a p-glucuronidase preparation. Therefore

continuous ether extraction at pH 1 was not specific for the

extraction and hydrolysis of steroid sulphates.
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(ii) An alternative method of obtaining; the 'sulphate1 fraction

In addition to its lack of specificity, continuous ether

extraction is difficult to perform on large volumes of urine, and

therefore another method of obtaining the 'sulphate' fraction was

Investigated; this alternative method was ethyl acetate extraction

and solvolysls (Burstein and Lieberman, 1958), Using this method,

the recovery of 3p-hydroxy-androst-5-en-17-one or 'DIIA1 from 60 p.g,

of 'DHA' sulphate added to 75 ml, of urine was investigated; the

mean recovery from 8 determinations was 90.3$ with a standard

deviation of + 2.8$, Using this method after enzymlc hydrolysis

and chloroform extraction, a further 8,7$ and 8,3$ of the total

radioactivity was recovered from the urine of patient Y. This

is similar to the 'sulphate' fraction obtained by continuous ether

extraction at pH 1 from the urine of patient B, after hydrolysis

with a p-glucuronldase preparation. It was concluded from the

results of the recovery experiments that the method of ethyl

acetate extraction and solvolysls was quantitatively reliable.



4. HYDROLYSIS OF STOP ID CONJUGATES *?ITH HOT ACID

The most drastic and also the simplest method of hydrolysis

is that of boiling urine with a strong inorganic acid. Klopper

(1957) claimed that hydrolysis of the conjugates of 1pregnanediol'
was complete after boiling for 20 minutes with 15 volumes of cone,

HC1 per 100 volumes of urine, However, Brown and Blair (1958)

and Roy (1956) have shown that longor periods of boiling are

necessary for complete hydrolysis of some steroid conjugates.

In view of this previous work, the recovery of radioactivity

after hydrolysis with hot acid was investigated. The urine was

boiled for 20 minutes with acid by the method described on p. 22

and extracted first with 2 volumes and then with 1 volume of

chloroform; a second extraction with 2 volumes of chloroform

was not considered necessary because there is little emulsion

formation during the extraction of acid hydrolysed urine. The

urine was then boiled for a further 20 minutes, after which it

was extracted with 2 volumes of chloroform. After the first

boiling the radioactivity recovered from the urine of patient Y.

was 71$ and 65$; the radioactivity recovered after the second

boiling was 4$ and 3$ respectively. The radioactivity recovered

from the urine of patient S. wag 79$ and 73$ after the first boiling

and 15$ and 16$ after the second boiling. Prom these results it was

concluded that,although hydrolysis was largely complete after boiling

for 20 minutes, some further hydrolysis occurred on boiling for a

further 20 minutes.



III. DISCUSSION

1. Spontaneous changes occurring in urine and the freely
extractable fraction

The size of the fraction which can be extracted from urine

with an organic solvent, such as chloroform, before any hydrolysis

procedure is performed, is an unreliable measure of the amount of

free steroids actually excreted by the kidney. It is difficult

to ensure that hydrolysis of the conjugates ha3 not occurred

either with p-glucuronidase (Clayton and Marrlan, 1949) or by

'bacteria1 (Cohen and Marrian, 1951; Bucher and Geschlckter,

1940).

In the present investigations, it has been shown that after

storage of urine at 4°C. for 1 month extraction with chloroform

recovered 88$ of the total urinary radioactivity. After further

storage of the urine for 1 week the total urinary radioactivity

fell to 78$ of 113 original value; from this reduction in the

total urinary radioactivity It was concluded that destruction of

the A ring of the steroid molecule must have occurred; this

destruction was probably bacterial in origin (Turfitt, 1948).

It would appear that these spontaneous changes were affecting

more than the glucuronide and sulphate residues attached to the



steroid molecule. Since it is Impossible to control these

changes, attempts have been made to eliminate them, Cohen

(1951) and Brown and Blair (1958) sterilized the urine by

boiling for 10 minutes at pH 7 prior to hydrolysis. The

method of boiling is useful in investigations on thoss steroids

which are known to be stable in thi3 procedure, for example

oestradiol-17(3, oestrone and oestriol (Brown and Blair, 1958),

However, gentle procedures are important in the investigations

of unknown steroid metabolites (Beer and Gallagher, 1955), and

therefore the urine was not boiled before the investigations

reported herein.
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2. HYDROLYSIS WITH 6-GLUCURONIDASE PREPARATIONS

(1) Types of f?-glucuronidase preparation

p-glucuronidase preparations have frequently been used in the

hydrolysis of urinary steroid conjugates. The enzyme has been

obtained from many sources; including calf spleen (Cohen, 1951),

5. coli (Buehler, Katzman and Doisy, 1S51), a species of snail,

Helix pomatia (Henry, Thevenet and Jarrige, 1952) and the limpet,

Patella vul;- at,a (Dodr.son and Spencer, 1953; Dodgson, Lewis and

Spencer, 1953).

A detailed comparison has shown that preparations from

different sources are equally efficient in the hydrolysis of pure

steroid glucuronides, Including 'pregnanediol1 glucuronlde

(Wakabayashi and Piahman, 1961). In the present investigation

a comparison has shown that preparations from several different

sources are equally efficient in the hydrolysis of the conjugated

urinary metabolites of progesterone (p.32)-

(11) The effect of prolonged incubation on hydrolysis with
i? -f -lucur o n ida s e

Wakabayashi and Pishman (1961) have shown that the

hydrolysis of 'pregnanediol' glucuronlde is complete in 4 hours

and Coh9n (1951) has demonstrated that crude sodium pregnanediol

glucuronide was almost completely hydrolysed in 4 hours. Cohen



(1951), however, showed a gradual increase in the amount of

1pregnanediol1 released from crude sodium pregnanediol glucuronide

with prolonged incubation. In the present investigations a small

increase has been noted in the amount of radioactivity recovered

from urine after prolonged incubation.

Brown and Blair (1958) have shown that hydrolysis of the

oestriol conjugates in human urine by a p-glucuronldase preparation

was not complete until incubation had been continued for 120 hours.

Under the same conditions, only 3-6 hours' incubation was required

for complete hydrolysis of the conjugates of oestrone and oestradiol-

17p. This difference In the speed of hydrolysis may be due to the

structure of the oestriol glucuronide3 which have a glucuronide

residue attached at the 16 or 17 position (Carpenter and Kellie,

1961). Thus the conjugates of closely related steroids may

require different conditions for their complete hydrolysis.

However, in the present investigations, the release of a mixture of

the urinary metabolites of progesterone was measured as the total

extractable radioactivity.

(iii) The specificity of hydrolysis with a p-glucuronldase
preparation

The acetone powder obtained from limpets which was employed in

the present Investigations probably contained at least 10 types of

glycosidasa activity of which the ^-glucuronidase activity was the
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highest (Conchie and Levvy, 1958). When this crude preparation

was fractionated by Marsh and Levvy (1958), the {^-glucuronidase

activity was not separated from the p-galacturonida3e activity;

Marsh and Levvy (1958) also observed that both types of activity

were inhibited by sacoharo-l:4-lactona. Therefore neither the

release of a steroid from a conjugate by this enzyme preparation

nor the inhibition of thi3 release by s&ccharo-l:4~lactone proves

the conjugate to be a p-glucuronide, although it may provide

valuable supporting evidence.

The limpet preparation used In ths present studies contained

at least 3 types of sulphatase activity (Roy, 1956), One of

those was a steroid sulphatase which could be separated from the

ether suljjhatases and from p-glucuronidase. However, this

steroid sulphatase was of limited use, since it can only hydrolyse

the sulphates of 3p-hydroxy-5a-steroids and of 3f-hydroxy- ~

steroids. Because of the strong Inhibitory effect of chlorides

and of phosphates on this steroid sulphatase, this enzyme does not

hydrolyse steroid sulphates in urine to any appreciable extent.

(Iv) Inhibition of t?-glucuronidase activity and the effect
of excess enzyme

The most potent Inhibitor of p-glucuronidase Is sacoharo-l:4-

lactone; this Is responsible for the inhibitory effect of saccharic

acid described by KsrunaIratnam and Levvy (1949). Abul-Radl (1957)



and Marsh (1961) have demonstrated a sacoharo-laetone-llke

inhibitor in urine; it is possible to overcome the effect of

this inhibitor by repeated addition of excess enzyme and this

is the usual precaution which is taken to ensure complete hydrolysis

by ^-glucuronidase preparations. In the present study, the effect

of such large concentrations of enzyme was to reduce the recovery

of free steroids from urine (p,35 ), however, this effect was

small and could be ignored unless it was necessary to recover the

last 10$ of the urinary radioactivity. Although it is probable

that the steroids which were not recovered were fixed to protein,

it was al3o possible that these lower recoveries might have been

due to destruction of the steroids.
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3. EXTRACTION AND HYDROLYSIS OF THE URINARY STEROID SULPHATES

After removal of a glucuronide fraction from urine by

hydrolysis with a p-glucuronldase preparation and siibsequent

extraction of the steroids released, the methods which are used

are those developed for the hydrolysis of the steroid sulphates.

The conventional method of hydrolysis of steroid sulphates has

bean that of continuous ether extraction at pH 1, This method

has been shown not to be specific for the hydrolysis of steroid

sulphates in urine (p, 37 ), probably due tc the overflow of

acidic 'scum' into the hot ether (Bursteln and Lieberman, 1958).

Extraction with ethyl acetate and subsequent solvolysis is

probably the bast method for obtaining the 'sulphate* fraction;

it is quantitatively reliable (p, 39) and easily applicable to

large volumes of urine. However, the method is possibly not

specific because ethyl acetate is capable of extracting polar

compounds other than steroid sulphates, Tims it may provide

a falsely large 'sulphate' fraction.



4. HYDROLYSIS OF ST3R0ID CONJUGATES WITH HOT ACID

The steroid sulphates are readily hydrolysed with hot acid

and the steroid glucuronides are somewhat less readily hydrolyaed

under these conditions. Thus hydrolysis with hot acid may be the

most convenient single procedure to U3e. Acid hydrolysis of the

oestrogen conjugates in urine has been more thoroughly studied

than that of the conjugates of the neutral steroids; the earlier

work on the problem of acid hydrolysis has been reviewed by Marrian

and 3auld (1951), and Katzman, Straw, Buehler and Boisy (1954).

More recently, Brown and Blair (1958) showed that on boiling with

hot acid destruction of the oestrogens could not be separated from

the hydrolysis of the conjugates. However, Klopper (1957) showed

that a toluene overlay probably reduced the destruction of

'pregnanediol1 during acid hydrolysis.

This destruction and associated artefact formation render

hydrolysis with hot acids unsatisfactory unless the steroid studied

is demonstrated to be stable under the conditions of acid hydrolysis

However, this method may be useful as a means of completing the

hydrolysis of steroid conjugates after more gentle procedures have

already been used.
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IV. SUMMARY

X. The storage of urine at 4°C. may be associated with spontaneous

'hydrolysis' of steroid conjugates and later destruction of

the steroids themselves.

2. These spontaneous changes make the freely axtractable fraction

an unreliable measure of the free steroids excreted by the

kidney.

5. The conventional methods of hydrolysis with p-glueiironidase

preparations are efficient and little further increase in

yield may be gained by excess enzyme and prolonged incubation.

4. It is probably ad\rlaable to take precautions against the effect

of a urinary inhibitor of 8-glucuronidase.

5. The method of continuous ether extraction at pH 1 is not

specific for the hydrolysis of the steroid sulphates;

the method of choice ie ethyl acetate extraction and

solvolysis.



THE METHODS OF HYDROLYSIS AND EXTRACTION ITS 3D IN THIS INVESTIGATION

OP THE STRUCTURES OF THE METABOLITES OF PROG 5STERONE.

I» MSTH0P3 CHOSEN FOR THE INVESTIGATION BTITH 4-14C) PROGESTERONE

The general methods which have already been described on p.21

were used in all subsequent investigations. The methods which were

chosen for the initial investigations using radioactive progesterone

were similar to those which had been used in previous studies

(Sandberg and Slaunwhite, 1956; Sandberg and Slaunwhite, 1958),

Before any hydrolysis procedure was performed a 'free' fraction

was extracted with 2 volumes of chloroform, Because free radio¬

active steroids were unlikely to be excreted in the urine more than

48 hours after the radioactive hormone had bean injected, only the

first 2 days' urine collections were extracted in this way,

Enzymic hydrolysis was then performed with the limpet

preparation, A quantity of enzyme which was sufficient to produce

a concentration of 1000 units/ml, of urine was added initially and

a similar quantity of enzyme was added at 24 hour intervals for 48

hours; by this method 5 separate additions of enzyme were made to

the urine which was incubated for a total of 72 hours. Following

thi3, urine was extracted with 2 volumes of chloroform and the

extract was designated the 'glucuronide' fraction. The washings

from the extracts of the first 3 days' urine were extracted with
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one volume of chloroform which was added to the 1glucuronlde'

extract.

In order to complete the hydrolysis and extraction of the

'glueuronlde' and 'sulphate' fractions the urine was then boiled

with 15 ml, cone, HC1 par 100 ml. of urine for 20 minutes, cooled,

and extracted with 2 volumes of chloroform. The residual urine

was extracted three times with one-third volume of n-butanol.

II. IvTTPHODS CH0S3N TO OBTAIH TH 3 UNLABEL HID M5TA30LIT5S

OF PF.OGHiST tjHONH!,

Some simplification of the previous procedure was advisable

because of the large number of urine specimens which were processed.

No 'free' fraction was extracted. A quantity of enzyme which was

sufficient to produce a concentration of 2000 units/ml, of urine

was added to the urine initially and this addition was repeated

after incubation for 48 hoursj the urine was then incubated for a

further 48 hours. It was then extracted twice with 2 volumes of

chloroform. The residual urine was adjusted to pH 1 with conc.

HsS04 and extracted three times with one-third volume of n-butanol.
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Pig. 4. The recovery of radioactivity obtained by the extraction
and hydrolysis procedures from the daily urine collections
of subieot A.W. after the intravenous injection of 20 p.o. of
(4 - i5o) progesterone.



B. TUB RADIOACTIVITY R3COy5TT5D BY EXTRACTION AND HYDROLYSIS OF

THE SERIAL URINE SPECIMENS OF SUBJECT A.W.

The radioactivity recovered from the serial urine specimens

of subject A.W. by the procedures already described (p.50 ) is

shown in Pig, 4, The total radioactivity which could be extracted

from the urine was 44?' of the administered dose. The percentages

of the administered dose which were recovered in the separate

fractions were as follows:- 4% was in the 'free* fraction, 31$

was in the 'glucuronlde* fraction, 4,4$ wa3 in the extract after

acid hydrolysis and 4,5$ was in the n-butanol extract. The 'free*
and 'glucuronlde* extracts ware selected for further investigation,

because they were not highly contaminated with non-radioactive

material and because they had not been subjected to extreme

conditions of temperature and pH.
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G3HTOL M3TH0DS OF SEPARATION

A. Th3 Girard separation

B. Countercurrent distribution

C• Chromatography

I, Paper chromatography

II. Alumina column chromatography

D. Fethods used for the separation of the unlabelled
metabolites
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GJM3RAL MSTHODS OF SEPARATION

A. THE GIRARD SEPARATION

The 'free* and 'glucuronide'extracts obtained from the urine of

subject A.W. were separated into ketonic and non-ketonio fractions

by the method of Girard and Sandulesco (1936); the Girard complex

in this initial experiment was formed by incubation at 70°C. for

15 minutes. It is sometimes necessary to repeat the Girard

procedure in order to achieve complete separation; however, the

3lngle separation used in this investigation was probably efficient

because no 'pregnenolone' could be detected in the non-ketonio least

polar fraction (p.71).

B • COTJNTERCITRT'ENT PISTRI RTT'T' 101-T

The ketonic and non-ketonio fractions were subjected to

countercurrent distribution In an all-glass machine of the type

described by Graig, Hftusman, Ahrens and Harfenist (1951). The

solvent system used was ethyl acetate 3:oyclohexane 7:ethanol 5;

water 5, by volume; these solvents were mixed and then equilibrated

overnight before a distribution was performed. The volumes of

upper and lower phases U3ed throughout the investigation were

40 ml.
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C* CHROMATOGRAPHY

I. Paper chromatography

l'hi3 was the first stage in the further investigation of the

fractions obtained from the countercurrent distributions. Aliquots

of 1/I00th to l/SO^1 of these fractions were chromatographed on

paper in systems of the types described by Bush (1952), Burton,

Zaffaroni and Keutmann (1951a), Zaffaroni and Burton (1951), Burton,

Zaffaroni and Keutmann (1951b) and Savard (1955). Some of the

solvent systems for paper chromatography were used frequently in the

present investigations; in order to simplify reference to these

systems they have been assigned a code indicating the mobile phase

(Table 10).

Table 10

The solvent systems, by volume, used in paper chromatography

_ Solvent systems by volume Code
X

Light petroleum s Methanol 8 s Water 2 PS

Toluene 1 : Light Petroleum^ 4 : Methanol 8 : Water 2 T 1

Toluene 275 : Xso-octane 225 s Methanol 8 x Water 2 T 2

Toluene 3 : Light Petroleum35" 2 : Methanol 8: Water 2 T 3

Benzene : Methanol 7 : Water 5 BZ

Sthyl Acetate 3 : Benzene 7 : Methanol 7 : Water 3 SAc 3

Sthyl Acetate 15 ; Benzene 85 : Methanol 7 : Water 3 SAc 15

x The light petroleum used was b.p. 80-100°C.



56.

Any other systems which have bean used are fully described

in the text; further details of the methods employed in paper

chromatography are given in Appendix A.

II. Alumina column chromatography

This enabled further separations of the radioactive metabolites

to be made. When alumina (Savory and Moore Ltd., London) was used

for chromatography of the least polar fractions and of the medium

polar ketonic fraction, It was deactivated and standardized by the

method described by Klopper, Michie and Brown (1955). For the

chromatography of the medium polar non-ketonic fraction and of the

polar ketonic fractions, similarly prepared alumina which was

standardized by the method of Fotherby and Love (1960a) was used.

Alumina prepared in this way lost of Its weight on heating at

100°C. overnight.

The chromatography columns were of 1 cm. internal diameter;

a tap on the lower end of the column was used to maintain the rate

of flow at about 50 ml. per ho\ir. The chromatography columns were

prepared in the following way: the lower end was plugged with cotton

wool and the assembled column then rinsed with solvent. A slurry

of alumina was poured into the column and the latter tapped until

little further settling was noted. An aliquot of l/lOO^*1 to l/30^:
of the fractions obtained from the countercurrent distributions was
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dissolved In 5 ml. of solvent and applied to the column with further

washes of 4 and 3 ml.; each solution was allowed to enter the column

before the next was added; 3 ml. fractions of the eluate from these

columns were taken. The chromatographic behaviour of radioactive

compounds and standard steroids on alumina columns which x?ere

prepared in this way from the same batch of alumina was unaltered

over a period of 6 months. The patterns of elution which are shown

in this thesis were obtained on at least two occasions.

The identification of the radioactive metabolites by

chromatography was dependent on the supply of standard steroids;

only small amounts of standard steroids and radioactive metabolites

were generally available for the present investigations. Therefore,

in ordor to reduce the losses of these steroids, minimum quantities

were used In colour reactions and in the measurement of radioactivity.
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d. tin rarnops usap for ths separation of ths unlab«;ll5D t^tabolitss

The methods which have been described already for the tracer

experiments were also used for the unlabelled metabolites. The

extract obtained after p-glucuronidase hydrolysis was divided into

ketonlc and non-ketonic fractions by the Glrard separation; however,

in view of the polar nature of some of the metabolites which had been

demonstrated in the tracer experiments, the Girard complex was

formed overnight at room temperature. The ketonic and non-ketonic

fractions were then subjected to countercurrent distribution and

chromatography by the same methods as those used for the

corresponding fractions of the radioactive metabolites. However,

for the separation of the more polar metabolites partition column

chromatography was used; this was performed on 40 x 2.5 cm. Celite

columns which were prepared with Celite 535 (Johns TTanville Co. Ltd.,

London) by the method of Bauld (1955); 10 ml. fractions of the

eluate ware taken.
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TH5 QUALITATIVE STUDY OF THS METABOLISM OF PUOGESTEROME IN MAN

A, The countercurrent distributions of the radioactivity of the

non-ketonic and ketonic components of the pooled 'free' and

•glucuronide' extracts.

I. The countercurrent distributions of the non-ketonic
components of the 'free' and 'glucuronide? extracts.

II. The countercurrent distributions of the ketonic
components of tho 'free' and 'glucuronide' extracts.

B, Further separations of the fractions obtained from the

countercurrent distributions.

I, The least polar fractions of the non-ketonic and ketonic
components of the 'free' and 'glucuronide' extracts.

1. The least polar non-ketonic fraction (pregnanediols)

2. The least polar ketonic fraction (pregnenolones
and progesterone)

II. Summary.
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A. TH3 COUNTiSRCUR^^NT DISTRIBUTIONS OF THS RADIOACTIVITY OF TH3

NON-K'STOMIC AND K5TQNIC CO^PONSNTS OF THU POOLSD ' FRSE' AND

'QLUCURONIPq SXTKACTS

The 'free' and 'glucuronide1 extracts from the daily urine

collections of patient A.W. (Pig. 4), were pooled and subjected

to Glrard separation. The ketonic and non-ketonic components

were then distributed in the system ethyl acetate 3 : cyclohexane 7:

ethanol 15 : water 5 by volume, by the procedure described

previously (p.54).

I, The countercurrent distributions of the non-ketonic components
of the tfreet and ' pJLucuronlde' extracts

The non-ketonic component of the 1glucuronide' extract was

placed in the first three tubas of the countercurrent apparatus,

and distributed for 100 cycles. Then 0.1 ml. aliquots from the

contents of every fourth tube in the apparatus were counted as

described on p. 178. The counting rates obtained are shown in

Pig. 5 without correction. If there had been a band of material
1 4

in the distribution which lowered the counting rate due to C,

this might have produced the false separation of a peak of radio¬

activity. However, this quenching material would have caused a

decrease in the counting rate due to added (4-14C) progesterone

in the aliquots from the tubes containing this quenching material.



Pig. 5. The distribution pattern of the radioactivity from the
non-ketonic 'glucuronide' fraction after countercurrent
distribution for 100 cycles in the system ethyl acetate 3:
cyclohexane 7: ethanol 5: water 5, hy volume .
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The counting rate from 2 mjac of (4~14C) progesterone added to the

scintillator containing an aliquot from the distribution showed a

regular increase with an increase in the number of the tube from

which the aliquot had been takenj tube 0 was the origin of the

distribution. Thus there was no band of quenching material which

would lead to a localized depression of the counting rate, and the

false separation of a 'peak' of radioactivity. Therefore it was

possible to use the uncorrected counts to show the distribution of

radioactivity; these counts v/ere not subject to the additional

errors of the separate estimations of background and quenching.

The pattern of distribution of the radioactivity in the non-ketonic

'glucuronido' component showed three separate peaks (Pig. 5). The

peaks of radioactivity which were obtained in this and subsequent

distributions were not symmetrical. There was thus an early

indication that these peaks consisted of a mixture of related com¬

pounds rather than one pure compound.

The non-ketonlc 'free1 extract was placed in the first tube

of the countercurrent apparatus; the extract was then distributed

and the pattern of radioactivity determined by the 3ame method as

that used for the 'glucuronide' extract. The pattern of the

distribution of radioactivity from the non-ketonic 'free' component

showed an additional peak of radioactivity in tubes 82-99; the

remainder of the distribution was similar to that of the non-ketonlc

'glucuronide' component•
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The fractions which were obtained from the distribution of the

non-ketonic 'free1 and 'glucuronide components are shown in Table 11.

These fractions, which were obtained by pooling the contents of the

tubes 3hown in Table 11, were named the polar, medium polar, and

least polar fractions.

Table 11.

Gountercurrent distribution of non-ketonic components of the
'free' and 'glucuronlde' fractions

The contents of the tubes shown below were pooled to obtain the
fractions of the distribution which are shown opposite the numbers
of the tubes.

Tube Numbers Fraction

'Free' 'Glucuronide'

0-10 0-12 Polar

11-36 15-39 Medium Polar

37-81 40-75 Least Polar

82-99 76-99
— ; :

The residues obtained from these fractions were dissolved

and made up to a standard volume with ethanol. Sstlmates were

then made of the radioactivity in the fractions which were obtained
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from the distributions of the non-ketonic components of the 'free'

and 'glucuronide' extracts (Table 12),

Table 12

The radioactivity in the fractions from the distributions of the
non-katonlo components of the 'free' and 'rdLucuronide1 extracts

The radioactivity is expressed as a percentage of the total for
the whole distribution.

1- 1—

Fraction 'Free' 1Glucuronlde1

Polar 1.7 to .

Medium Polar 4.1 4.6

Least Polar 88.2 90.1

Tubes 82-9S 6.0 -

Tubes 76-99 - 2.9

The recovery of the radioactivity of the dose from the distribution

of the non-ketonic component of the 'free' fraction was 5,3$; this

recovery for the non-ketonic component of the 1glucuronlde' extract

was 30.5$.



Fig, 6. The distribution pattern of the radioactivity from the
ketcmic ' glucuronide' fraction after counterourrent
distribution for 100 cycles in the system ethyl acetate 3 s
cyclohexarse 7s ethanol 5s water 5, by volume.



11 • tH3 COUNTER CURRENT DISTRIBUTIONS OP THB K3T0NIC CO^PONSNTS
OF TIPS 1 FRS'S1 AND 1GLUCTTROMIDB1 EXTRACTS .

1. The ketonic component of the pooled 'glucuronide' extracts

was placed In the first tube of the countercxirrent apparatus and

distributed for 100 cycles in the solvent system ethyl acetate 5 :

cyclohexane 7 : ethanol 5 ; water 5 by volume. The distribution

of radioactivity was then determined by the same method as that

used for the non-ketonlc component. The pattern of radioactivity

showed three main peaks (Fig. 6). The free fraction was distri¬

buted, and the pattern of radioactivity was determined by the same

method as that used for the 'glucuronide' fraction. The fractions

which were obtained from these 'free' and 1glucuronide' ketonic

components are shown in Table 13.
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Table 13

Countercurrent distributions of ketonic components of the 'free'

and 'Eluourotilde' extracts

The contents of the tubes shown below were pooled to obtain the

fractions of the distributions, which are shown opposite the

numbers of the tubes.

1
Tuba Numbers

"

Fractions

'Free' 'Glucuronide'

0-24 0-28 Polar

25-43 30-54 Medium Polar

44-60 55-60

61-90 61-84 Least Polar

The general pattern of radioactivity showed the same peaks from

the 'free' extract as from the'glucuronide' extract, but in the case

of the 'free' extract the least polar fraction was relatively larger.

This quantitative difference is shown in the distribution of radio¬

activity between the polar, medium polar, and least polar fractions

(Table 14, p. 69).



Pig. 7. The distribution pattern of the radioactivity from the
polar component (Tubes 0-28, Pig. 6) of the ketonio
1 glucuronide * fraction after countereurrent distribution
for 100 cycles followed by recycling the upper phases
for a further 200 transfers.
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The contents of tubes 44-60 In the 'free' fraction and tubas

55-60 in the 'glucuronlde' fraction ware excluded from the

ketonic component, because these fractions were believed to

be non-ketonic from the similarity in their position in the

distribution to the large non-ketonic component which was

shown to contain the pregnanediols.

2. The further countercurrent distribution of the polar ketonic

'flucuronlde' fraction

The polar ketonic 'glucuronlde' fraction showed partial

separation when distributed for 100 cycles (Pig. 6); in view

of this, further countercurrent distribution was performed.

The polar ketonic fraction from the 'glucuronide' extract was

placed in the first tube of the countercurrent apparatus and

distributed for 100 cycles; the upper phase was then re-cycled

for 200 cycles. The pattern of distribution of the radio¬

activity (Pig. 7) was obtained by the same method as that used

for the non-ketonic fraction. The three fractions of the

distribution of the polar ketonic 'glucuronide' fraction were

obtained by pooling the contents of tubes 0-24 (fraction 1.6),

tubes 25-51 (fraction 1.7), and tubes 52-75 (fraction 1.8).
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5. The distribution of radioactivity amongst the fractions of the

ketonlc components of the 'free* and 1fllucuronide1 extracts

The estimates of the radioactivity in the fractions

from the Ice tonic components of the 'free' and 1 glucuronide'

extracts are shown in Table 14.
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Table 14

The radioactivity In the fractions from the distributions of the

ketonic components of the 'free' and 'gluouronlde' extracts

The radioactivity is expressed as a percentage of the total for

the radioactive fractions in these distributions.

Fraction

Polar

Medium Polar

Least Polar

1.6

1.7

1.8

'Free'

25*9

13.5

60.6

'Glucuronlde'

See 1.6, 1.7 and 1.8

28.3

13.5

8.3

21.5

28.6

The recovery of the radioactivity of the dose from the

distribution of the ketonic component of the •free1 fraction

was 0.37$; this recovery for the ketonic component of the

•glucuronide1 extract was 1.95$.
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The total recovery of radioactivity from all these distributions

of ketonic and non-ketonic components was 36$, This estimate

agreed with the recovery of 35$ of the dose derived from the

radioactivity in the extracts from the daily urine specimens.

The ratio of the radioactivity of the non-ketonic to ketonic

components of the 1glucuronide' fraction was 15,7:1; the

corresponding ratio in the 'free' fraction was 8.9:1,
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B. FURTHER SEPARATION OF TH3 FRACTIONS OBTAINED FROM TH3 COUNTER-

CURRENT DISTRIBUTIONS.

I • The least polar fractions of the non-ketonlo and ketonio
components of the ' fred and ' glucuronide' extracts

The least polar fractions from the distributions were shown to

behave chromatographlcally like the simple reduction products of

progesterone, i.e. 'propanediol' and 'pregnenolone' ; this is

shown in Flow Sheet 1. These simple reduction products were the

compounds previously recognized as the metabolites of progesterone.

They are now considered separately under the headings 1.Least polar

non-ketonlc fraction and 2.Least polar ketonic fraction,consisting

mainly of 'pregnanediol' and 'pregnenolone' respectively.

1. The least polar non-ketonlc fraction

This fraction contained the same compounds in the 'free' and

in the 'glucuronlde' extracts, but in view of the greater amount

of radioactivity in the 'glucuronide' extract, this was used in

the investigation unless otherwise stated.

Initial paper chromatography in system T2 showed one large

peak of radioactivity with an Rf value of 0.5; there was a small

peak of radioactivity running slightly ahead of the main peak. No

radioactive component behaving like 'pregnanolone' could be detected

in this fraction. The least polar non-ketonic fraction was then

chromatographed on paper In system T1 for 20 hours, and this resulted



Pig. 8. Paper chromatography in system T1 for 20 hours.
A. The chxoaatographic behaviour of the radioactivity

of the least polar, non-hetonic, * gluouranide'
fraction.

B. The chromatographic behaviour of 'allopregnanediol',1;
'pregnanediol' ,2, and 5o<pr^gnane-3|5:2CW-diol,3.
These steroids were detected with phosphomolybdie acid.
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in the pattern shown In Pig. 8, The duration of chromatography of

the least polar non-ketonic fraction in system T1 was generally 18

hours. The distances travelled in this time by the available preg-

nanediol isomers and by the four peaks of radioactivity in the least

polar non-ketonic fraction are shown in Table 15. It will be noted

that three of the peaks of radioactivity in this fraction correspond

to ,£llopregnanedioll, 'pragnanediol' and 5cc-pregnane~3p:20ff-diol,
and that soma of the pregnanedlol isomers can be separated by

these means, but only in small quantities. It was necessary

to use only about 20-50 ;ug. of a pregnanediol standard in order

to avoid streaking on the paper chromatograms, This quantity

was just detectable on paper using 8% phosphomolybdic acid in

ethanol.
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TablQ 15

Paper chromatography of the pregnandiols and the least polar

non-ketonlc fraction in system T1 for 18 hours

The structures of the standard
pregnanediols

Distance
the

travelled from
origin in cm.

Standards Radioactive Peaks

5a-pregnane-3a:20a-diol
(felloproKnanediol' ) 27.5 27.5

5a-pregnane-3p:20a-diol 21 21

5a~pregnane~3a:20p-diol 32,5

5a-pregnane-3p:20p-diol 24.5

5p-pregnane-3a:20p-diol 28

5 B-pregnane-3a:20a-diol
(' pregnanediol' ) 23 23

42
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Pig, 9. Chromatography on an 18 x 1 cm, alumina column eluted with
0.8/5 ethanol in benzene (v/v).

A, The chromatographic behaviour of the radioactive
component of the least polar, non-ketonic , 'glucuronide*
fraction which behaved like ' allopregnanediol • when
chroma tographed on paper in system T1 for 18 hours,

B. Tlie chromatographic behaviour of 1 allopregnanediol' is
shown by the relationsliip between the volume of eluate
and the corrected optical density of the colour given
by 1 allopregnanediol * with sulphuric acid.
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(i) The separation of radioactive fractions corresponding to
' pregnanediol' . 'aXlopregnanediol1 and 5q-prQgnan8-5B:20g-dlol

The chromatographic behaviour of the pregnanediol isomers

and the corresponding radioactive fractions was investigated on

18 x 1 cm. alumina columns. Twenty micrograms of 'allopregnanedlol1

and of 5a-pregnane-3p!20a-diol, and forty micrograms of 1pregnanedlol'
were applied to separate columns and eluted with 0.3$ ethanol in

benzene. The sulphuric acid colour reaction was performed on the

residue from 3.0 ml. fractions of the eluate, using 0.5 ml. concen¬

trated H2S04. The radioactive fractions were also chromatographed

on 18 x 1 cm. alumina columns. The counting rates obtained from

0.5 ml. aliquots of the 3 ml. fractions of the eluate are shown

without correction for the background counting ratej by this

means the additional error introduced by the separate estimation

of the background counting rate was avoided. This procedure was

used in all long series of counts which ware for investigations

of chromatographic behaviour. No quenching was observed in

these eluates from alumina columns. Accordingly a further

correction for quenching was not required.

The peak of radioactivity corresponding to 1allopregnanediol1

on paper chromatography in system Tl for 18 hours was eluted from

the paper. This fraction was then chromatographed on an 18 x 1 cm.

alumina column with 0.8$ ethanol in benzene. There was no further



Ml. eluate.

Ml. eluate.

10. Chromatography on an 18 x 1 on. alumina column eluted with
0.8$ ethanol in benzene (v/v).

A. The chromatographic behaviour of the radioactive component
of the least polar, non-ketonic, 'gluouronide* fraction,
which behaved like • pregnandiol' and 5«-pregnane-3£ '• 20c<-diol
when chromatographed on paper in system T1 for 18 hours.

B. The chroma tographic behaviour of 5^pregnane-3/3: 20<X-diol,
1, and ' pregnanedlol •, 2, is shown by the relationship
between the volume of eluate and the corrected optical
density of the colour given by these pregnandiols with
sulphuric acid.
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separation,and the pattern of elution of the radioactivity

corresponded closely to that of 'allopregnanediol* (Fig, 9),

The main peak of radioactivity which was obtained by paper

chromatography in system T1 for 18 hour3 corresponded chromato-

graphically to 'pregnanodiol'j in addition there was, running

jU3t behind, an incompletely separated peak of radioactivity

corresponding to 5a-pregnane-3p:20G-dlol. When both these

peaks of radioactivity were elutod together from paper and

chromatographed on an 18 r. 1 cm. alumina column with 0,8$

ethanol in benzene, they were separated into two components.

These corresponded to 'pregnanediol' and 5a-pregnane~3p:20a-

diol (Fig, 10), When the component which corresponded to

5a-pregnane-3p:20a-dlol was chromatographed on paper in system

T1 for 18 hours it moved at the same rate as authentic 5a-

pregnane-3p:20a-diol. This process is shown schematically

in Flow Sheet 2.

(a) Further chromatographic evidence for the identity of the main
radioactive components of the least polar non-ketonic fraction

Further paper chromatography confirmed that the least polar

non-ketonlc fraction behaved like the pregnanedlols. This

fraction moved with an Rf value of 0.27 corresponding to that

of an authentic 'pregnanediol' when chromatographed on a formamide
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impregnated paper, with iao-octane 50:toluene 50 (v/v) as the

mobile phase. The radioactive fractions corresponding to

'pregnanediol' and 5a-prognane-3p:20a-diol behaved like authentic

'prognanediol1 and 5a-pregnane-3p:2Qa-diol when chromatographed

for 36 hours in toluene 1 slight petroleum 4 (v/v) on propylene

glycol impregnated paper; 'pregnanediol' and 5a-pregnane-3p:
20a-dlol moved 14,5 cm, and 13 cm, from the origin respectively,

(b) The oxidation of the 1allopregnanediol1, 'pregnanediol*
and 5a-»pr9gnano-5p:20a-diol fractions ~~

The radioactive fractions corresponding to fpregnanediol',

'allopregnanediol and 5a-pregnane-3p:20a-dlol were oxidized with

5% chromium trioxide in 50^ aqueous acetic acid for 6 hours. The

products were chromatographed on paper in system PS with the

standard 5a- and 5p-pregnane-3:20-diones. The oxidation products

of the 1allopregnanediol' and 5a-pregnane-3p:20a-diol fractions

behaved like 5a-pregnane-3:20-dione; the oxidation product of

'pregnanediol' behaved like 5p-pregnane-3:20-dione, This

evidence supports the view that the structure assigned to the

5 position in the original pregnanediol3 is indeed correct,

(c) The chromatographic behaviour of the benzoylated 'pregnanediol*
fraction

Brooks, Klyne, Miller and Pafcerson (1952) have shown that

the 5a-pregnanediol epimers at C20 can be separated by chromatography
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of the benzoates on alumina. Because all the 5p~pregnanediol

isomers were not available to show that 5p-pregnane-3a:20a-diol

was already separated from the other possible structures, this

method of separation was tried. The fraction of the radioactivity

corresponding to 1pregnanediol' was not separated further by

chromatography on alumina after benzoylation by the method

of Brooks j3t al. (1952), and its position corresponded to
that of 'pregnanediol' dibenzoate (Table 16),



79.

Table 16

Chromato^ranhv of 1 Propanediol' Dibenzoate

6 x 1 cm. Alumina Column

Light Petroleum 80:
Benzene 20 (v/v)

5p-Pregnane-3a:
20a-dibenzoate

Benzoylated 5p-Pregnane
5a:20c-dlol Fraction

ml. eluate Corr. 0D410 m}JL Cts/100 sec.

0-3 37

15-17 48

27-29 •005 71

39-41 •017 82

51-53 •143 373

63-65 •229 424

75-77 •157 300

87-89 •038 187

96-98 •013 123

105-107 •008 74

114-116 65

L

50 yug, 1pre£hanediol' was U3ed.

Corr, 0D# - in 0.5 ml. conc. H3S04 25°C. 18 houra.



Pig. 11. Chromatography on an 18 x 1 cm. alumina column elated
with 0.8$ ethanol in benzene (v/v)

The chromatographic behaviour of the radioactive component
of the least polar, non-lcetonic, 'glucuronide' fraction which
was eluted from an 18 x 1 cm. alumina column by 110-160 ml,
of O.8.: ethanol in benzene.
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It appeared reasonable to conclude that If this method of

chromatography also separated the 5p-pregnanediol eplmers at

020, the radioactive fraction consisted of 5{3-prsgnanadlo]s with

the 20-hydroxy group in the cc position.

(ii) A further radioactive fraction behaving ohromatographically
like a pregnanediol

The chromatography of the radioactivity of the least polar

non-ketonic fraction on an 18 x 1 cm, alumina column showed

radioactivity in the 110-160 ml, fraction of the eluate. This

was again chromatographed on an 18 x 1 cm, alumina column with

0.8$ ethanol in benzene, and a small peak of radioactivity was

separated; this peak was not 1allopregnanedlol1, 'pregnanediol'

or 5a-pregnane-3(3:20a-diol (Pig. 11), This unidentified fraction

was chromatographed on paper in system T1 for 18 hours, and found

to run in an Intermediate position between 'allopregnanediol1 and

'pregnanediol1. This unidentified fraction may possibly be

another pregnanediol, In view of its chromatographic behaviour.

(ill) The identity of the radioactive metabolites from tubes
82-99 of the distribution of the non-ketonic 'free1

fraction

This fraction was separated from the peak of radioactivity

in the countercurrent distribution which corresponded to
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'pregnanediol', The chromatographic behaviour of the

radioactivity of this fraction on an alumina column was

similar to that of 1pregnanediol' diacetate (Table 17).

This fraction was hydrolysed with acid and then chromato-

graphed on paper in system T3 for 5 hours. The radio¬

activity in this fraction behaved chromatographically

like 1 pregnandiol1 with small quantities of more polar

metabolites. Thus the radioactive metabolites in the

fraction behaved like acetates and were assumed to be

artefacts arising from the Girard separation (Liaberman

et al», 1S48),
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Table 17,

Chromatography of ' Pregnanediol' Dlacetate

6x1 cm, alumina column

Benzene 50:Light Petroleum
50 (v/v)

5p-pregnane-5a:20-
diacetate

Free Fraction
Tubes 82-99

ml, eluate Corr. 0D41q m
Cts./lOO sec.

0 —o 0 24

15-17 0 28

27-29 .020 28

39—41 .106 40

51-53 ,034 24

250 yug, 'pregnanediol' was used

Corp. OD. in 5 ml. conc. H3S0A 25°C, 18 hour.

(iv) The recovery of the administered dose of protestorone
as pregnanedlols

The methods of separation described above yield apparently-

pure ' allopreKnane«31ol, , 1pregnanediol1 and 5a-prep.;nane-5p:20a-

diol from the urinary extracts. An estimate is given of the

recovery of the administered dose of progestcrono as these

pragnanediols (Table 18), It will be noted that 'pregnandiol'
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is the main urinary metabolite. The true recoveries may be higher
than those shown in Table 18 because no allowance was made for the

losses occurring in the methods of separation.

Table 18

The recovery of the radioactivity of the administered dose of
!,!■ 'lit ' *f" mm* HI II Ill ——in l« 'l HIM l—ll •Will I <1 III. 11IIIII ——WO——

(4- C) progesterone as pregnandiols. expressed as a per¬

centage of the administered dose

Pregnanadiols 'Free' Fraction •Glucuronide' Fraction
2 __1

5«~pre gnane -Set: 2 0a -diol
'

0.2

. r

0.7

5a-pregnana-3p:20a-d1o1 0.01 0.23

5p-pregnane-3a:20a-diol 2.72 16.64

Total recovery of the administered dose as

pregnandiols 20.5$.
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2. TH3 L3AST POLAR KBTQMIC FRACTION

The least polar ketonlc 'glucuronide' and 'free' fractions

were separated into two groups of radioactive peaks by paper

chromatography in system PS (Plow Sheet 3). The least polar

of these two groups was a small radioactive peak, which sometimes

showed partial separation into two incompletely separated peaks

and which behaved like the 5a- and 5p-pregnana-3:20-diones, The

larger group of radioactive jjeaks behaved chromatographics!ly

like 'pregnenolone' and progesterone. In the in\'ostigaticns

which are described below the 'glucuronide1 extract is used

unless otherwise stated.

(i) The radioactive fraction behaving chromatographically
like the pregnanedionos

The 5a- and 5p-pregnane-3:20-diones ran on paper in system

P3 with an Hf value of approximately 0.8. The 5a-pregnanedlone

(Rf 0.83) moved slightly faster than the 5p-pr3gnanedione (Rf

0.80). Because of this failure to achieve complete separation

on x>aper, the behaviour of the pregnanedlones on alumina was

investigated. Two 10 x 1 cm. alumina columns were prepared in

light petroleums 200 ;ug, of 5a-pregnane-3:20-dione was applied

to one column, and 200 jug* of 5p-pregnane-3:20-dione was applied

to the other* Both columns were then eluted with benzene 65:

light petroleum 35 (v/v). The Zimmerman reaction was performed
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on the residues from 5 ml. fractions of the eluate. The tubes were

then inspected five minutes after performing the colour reaction.

The volume of eluate at which the maximum colour was seen, and also

the limits of the volume of eluate within which colour was visible,

are shown in Table 19. Prom the results in this table, it will be

noted that the separation of these pregnanediones is only partial by

this method of alumina column chromatography.

Table 19

Chromatography of the pregnanedionas on alumina

10 x 1 cm. alumina column
r l

Vol. eluate in ml.
Benzene 65 : Light Petroleum 35 (v/v)
Wax. Colour

L

Limits of visible colour

e5a-pregnane-
3:20-dione 180 160-210

5p-prognane~
3:20~dlone

1
220 190-240

Thismethod of inspection of the colour was used because the

colour given by the pregnane-3:20-dlones in the Zimmerman

reaction develops extremoly rapidly, and subsequently fades.

Also, the rate of colour development of the 3-ketonas in the

Zimmerman reaction differs with the configuration at C5(Nussbaum,Popper,

Oliveto, Friedman and Wendler, 1959), Thus it would have been
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difficult to make comparable spectrophotometry readings on a

large series of fractions.

The radioactive fraction which behaved chromatographlcally on

paper in system PS like the pregnanedlones was chromatographed

on alumina by a method similar to that used for the standard

pregnanedlones. The radioactivity was eluted in the same fraction

as the pregnanediones but it was not separated into two peaks.

In order to provide evidence of the existence of both 5a- and 5p-

pregnane-SfSO-dione in the radioactive metabolites of (4-^^C)
progesterone, the pregnanodione fraction was reduced to pregnane-

diols with potassium borohydride in methanol. The expected product

of borohydride reduction of 5a-pregnane-3:20-dione was 5a-pregnane-

3pj20p-dlolj the exrjected product of borohydride reduction of

5p-pregnane-3:20-dione was 5p-pregnane-3a:20f.-diol. These

pregnanediols were separable by paper chromatography in system T1

for 18 hours. The reduced radioactive pregnanedione fraction was

chromatographed on paper in system T1 for 18 hours with standard

pregnanediols. The areas of the paper chromatogram corresponding

to the expected products of borohydride reduction of the pregnane¬

dione fraction, and the areas between, in front and behind these

pregnanediols were eluted and the radioactivity in these eluates

was counted. The results in Table 20 provide evidence for the

existence of both 5a- and 5p,-pregnane-5:20-dione In the least

polar ketonic fraction.
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Table 20

Paper chromatography in 37; a tern T1 for 18 hours of the borohydrldo

reduction products of the ' prep,nanedlone' fraction

The radioactivity in the aluates of the areas of
the chromatogram are shown.

Area corresponding to

5cr.-pregnane-3a :20p-diol

5p-pregnane-3a:20p-diol

No expected reduction product

5a-pr e gna ne-3 p:-20 p-di o 1

No expected reduction product

Cts/lOO sec• above background

0

4

0

7

2

The Importance of acid or neutral conditions in the preservation

of the structure of ^21 steroids with a 20-oxo group

Butenandt and Mamoli (1935) have shown that the side chain of

pregnenolone which is attached to C17 in the 17p configuration,

is partially changed to the 17a configuration in ethanolio

KOH (w/v). This change is believed to take place through the

formation of an intermediate enol. The products of borohydride

reduction of the pregnanedione fraction were altered by 5% NaOH

(w/v) (Table 21); thus the side chain alteration was faster than

the borohydrlde reduction of the C20 oxo group of the pregnanediones,
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As further evidence of the importance of these changes the products

of the borohydrido reduction of the 5a-pregnenolone fraction after

alkaline hydrolysis were shown to be different from those following

acid hydrolysis (cf. Table 22). In order to avoid these alterations

acidic conditions were used in the acetylation of the ketonic fraction

and in the subsequent hydrolysis of the acetates.

Table 21

The effect of h< methanolic NaOH on the Sa-prep-nanolone and
and prep:nanedione fraction

The pattern of radioactivity is shown following chromatography
of the borohydride reduction products in system T1 for 18 hours.

Area corresponding to Counts per 100 sec.above background

Pregnanedione 5a-pregnanolone
Fraction fraction after

alkaline hydrolysis
5$e NaOH Without NaOH of the acetates

5a-pregnane-3o::20p-diol 6 0 3

5p-pregnane-3a:20p~diol 84 4 11

5c-pregnane-3p:20p-diol 7 7 4



Flow I 30cm. from origin
Q 12 3 4 5

c® O O O

Pig. 12. Riper chromatography in system P.E, for 8 hours,
A. The chromatographic behaviour of the radioactivity

of the least polar, ketonic, 'glucuronide' fraction.

B. The chromatographic behaviour of progesterone,1,
* allopregnanolone' ,2; 'pregnenolone * ,3; 20/S-hydroxy-
progesterone,4, and 200MTydroxyproges terone, 5. The
steroids numbered 1, 4- end 5 were detected by their
absorption of ultra-violet light; the steroids
numbered 2 and 3 were detected vidth phosphoraolybclie
acid.



(li) The component of the loaat polar ketonic 1gluouronide*
fraction corresponding to the pregnenolones and progesterone

The second group of radioactive peaks in the least polar

kotonic 'glucuronide' fraction is shown in Pig, 12. This group

of radioactive metabolites could be divided into three, on the

basis of their Rf values when ehromatographed on paper In system

PE. There was one area of activity corresponding to 'allopreg-

nanolona' (Rf 0.69) and progesterone (Rf 0.7). Hie main radioactive

component behaved like 'pregnenolone' (Rf 0.55). A minor radio¬

active component which was detectable by the scanner travelled at

the same rata as 20p-hydroxyprogesteron9 (Rf 0.45) and 20a-hydroxy-

prog93terone (Rf 0.58). There were thus three main regions of the

chromatogram containing radioactivity; these three areas lay

between Rf values of approximately 0.55-0.5, 0.5-0.6, and 0,6-0.75.

(a) The radioactive fraction corresponding to 'pregnanolone'

The fraction with an Rf value between 0.5-0,6 behaved like

•pregnenolone' when chromatographed for 24 hours on propylene

glycol-impregnated paper with light petroleum as the mobile phase.

The chromatographic behaviour of the radioactix'ity of this fraction

on alumina was like that of 'pregnanolone'; the radioactivity and

authentic 'pregnanolone' wore elutod from a 6 x 1 cm. alumina

column in 75-100 ml. of 0,1$ ethanol in benzene, when this
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fraction was oxidized with 5$ chromium trloxide In 50$ aqueous

acetic acid for 6 hours, the product behaved like 5p-pregnane-

5:20-diono when chromatographed on paper in system P3.

(b) The radioactive fraction corresponding to the oa-pregnanolones
and provestorone

The fraction with an Hf value between 0,6-0,75 contained two

components. 'Then this fraction was acetyls ted with acetic

anhydride and with a trace of p-toluene sulphonic acid for 6

hours at room temperature, paper chromatography In system PS

showed one apparently unaltered component behaving like

progesterone and another component running at the solvent front

like an acetate.

The radioactive component behaving like progesterone

The component which was not e.cetylated behaved like

progesterone when chromatograpned for 24 hours on propylene

glycol-impregnated paper with light petroleum a3 the mobile

phase and it also behaved like progesterone when chromatographed

on an alumina column. The chromatographic properties of this

component were not altered by oxidation with 5$ chromium trioxide

in 50$ aqueous acetic acid for 1 hour.
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The radloaotlvo component, behaving like the 5a-pregnanolones

(the 5a-pre;!;nanolon8 fraction)

The radioactivity of the fraction with an Rf value between

0.6-0.75 which was acetylated was elutad from paper and hydrolysed

with 5$ concentrated HC1 in ethanol (v/v) for 6 hours at room

temperature. The residue obtained from this solution was reduced

with potassium borohydride in methanol at room temperature. The

products of borohydride reduction were then separated by paper

chromatography in system T1 for 18 hours. The areas corresponding

to the expected reduction products of this 5cc-pregnanolone fraction

were then eluted and counted. The chromatographic behaviour of

the borohydride reduction products of the 5a-pregnanolone fraction

was similar to that of 5c-pregnana~5a:20p-diol, 5a-pregnane-3p:

20p-diol and 50-pregnane-3a:20p-diol (Table 22). Since the

borohydride reduction of the 20-oxo group produces the 20p»hydroxy

configuration it appears reasonable to conclude that this fraction

contained both 5a-and 5p-hydroxy-5a-pregnan-20-ones along with

some 1 pregnenolone', The presence of small amounts of the boro-

hydrida reduction products of 'pregnenolone' wa3 to be expected

since 'pregnenolone' ran Just behind the 5a-pregnanolones in the

original chromatographic separation on paper. An aliquot of the

5a-pregnenolone fraction, after its separation from progesterone,
was oxidized with 5$ chromium trioxide in 50$ aqueous acetic acid

for 6 hours. The product behaved like 5a-pregnane-3:20~dione when

chromatographed on paper In system PS.
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Table 22

Paver chromatorraphy In system T1 for 13 hours of the borohydride

reduction products of the 1Sa-pregnanolone' fraction

The radioactivity in the eluates from the areas
of the chromatogram are shown,

Area corresponding to Cts/100 sec, above background

5or.-pregnane-3p:20p-diol 56

5p-pregnane-3a:20p-diol 18

5a-pregnane-3a:20p-dlol 17

The fraction behaving chromatographically like the 20-hydroxy-

progesterones
■ — i niw ii mm ■■ 11 mm

The fraction with ar. Rf value between 0,35-0.5 behaved

like the 20-hydroxyprogesterones on paper chromatography in

system PS, When this fraction was oxidized with. 5% chromium

trloxida in 50^ aqueous acetic acid, the product behaved like

progesterone when chromatographed on paper in system PS.

(iii) The recovery of the administered dose of progesterone as the
components of the least polar ketonic fraction

The methods of separation and of structural investigation which

have been previously described allowed estimates to be made of the

various components of the least polar ketonic fractions. These

estimates are shown in Table 23, expressed as recoveries of the
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administered dosa of progesterone. It will be noted that 'pregnen¬

olone1 is the main metabolite in this fraction and that there are

differences between the 'free' and 'glucuronide' extracts in the

pattern of radioactive metabolites. The true recoveries may be

higher than those shown in the table because no allowance was made

for the losses occurring In the methods of separation.

Table 23

The recovery of the radioactivity of the administered dose of

(4-J^g) progesterone as the components of the least polar fraction,

expressed as a percentage of the administered dose

r "1' Free? Fraction 'Glucuronide' Fraction

Pregnanediones 0.0063 0.0022

5a-pregnano lories 0.021 0.011

Progesterone 0.0C63 0.004

'Pregnenolone1 0.15 0.307

? 20-hydroxyprogesterones 0.018 0.0017

Total recovery of the administered dose as components
of least polar ketonic fraction 0.54$.
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3. SUMMARY

The components of the least polar fractions

The probable structures of the con;pounds In the fractions

obtained in these investigations are shown with the percentage of the

administered dose in the fraction. These figures are not corrected

for losses occurring In the separations.

'Free' and 'Glucuronide1 Extracts

Ketonic fraction Non-4cetonie fraction

Least polar fraction Least polar fraction

Probable
structure

% Recovery of
dose

Probable
structure

% Recovery of
dose

'Free1 'Glucur¬
onide '

1 Free' 'Glucur¬
onide '

5a. and 5(3-
pr3gnana-5;20-
diones

0.006 0.002 5a-pregnane-
3aj20a-diol,
'allopreg-
na'nediol*

0.2 0.7

3a. and 3(3-
hydroxy-5a-
prggnan-20-
onos

pr0ge3terona

0.02

0.006

0.01

0.004

5a-pragnane-
3(3s20a-diol,

5p-pregnano-
3a:20a-diol,
'pregnanediol'

0.01

2.72

0.23

16.64

3a«jiydroxy-
5(3.pregnan-
20.one,
'PraEhanolone'

0,15 0.31

Total Recovery 21.02$
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TITD C0TJNraCUTT5NT DISTRIBUTIONS OF TH^ UNLAB^LL^S)

t'^TABOLIT^S OF PROG"5ST TFON3

The unlabelled metabolites corresponding to the

least polar fractions of the radioactive metabolites

1, Isolation of a crystalline compound behaving
like 5a-pregnane-3p:20or-diol



c. tin count racirr: snt distributions of ths umlabsllsd

■nTABOLITHS of PROGESTERONE

The ketonic and non-ketonic fractions of the unlabolled

matabolitos ware sach subjected to countercurrent distribution

by the methods used for the same fractions of the radioactive

metabolitea(pp.61,65,67).Tho distribution of these unlabellad

compounds was determined by paper chromatography of aliquots

of the contents of every third tube in the machine. The

non-ketonic metabolites and the least polar ketonic metabolites

were detected with 8% phosphomolybdlc acid in sthanol. The

polar ketonic metabolites were detected with the Zlramermann

reaction. The distribution of the unlabelled 3toroids was

similar to that of the radioactive compounds (Pigs. 5, 6 and

7) except that no medium polar ketonic fraction was found. In

view of this similarity, the fractions of the countercurrent

distributions of the unlabellad metabolites were obtained by

pooling the contents of the same tubes as those pooled in the

study of the glucuronlde fractions of the radioactive metabolites

(Tables 11, IS and p. 67 )# Tho polar compounds obtained from

the experiments with unlabelled progesterone are described in

tho sections concerned with the corresponding radioactive

metabolites,



I. TH*] TTBLABISLL^Sn "STABOLIT^S CO^^SPONDING TO TH3 L3AST

POLAR FRACTIONS OF TH3 RADIOACTIVE M'gTABQLITt3S

In the ketonic fraction of the unlabelled metabolites, a

component was detected which behaved chromatographically on

paper in system PE3 like 'pregnenolone'. In the non-ketonic

fraction, there was a component which ran like the pregnanediols

on paper chromatography in system T5 for 6 hours. In view of

the demonstration of a radioactive fraction which behaved like

5a-pr9gnane-3(3t20cc~diol, it was decided to attempt to isolate

this compound from the pregnanediol fraction of the unlabelled

metabolites,

1, The isolation of a crystalline compound behaving like
Sc-pregnane-SC:20tt-dlol

The residue from the fraction of the unlabelled metabolites

which corresponded to the least polar non-ketonlc fraction was

dissolved in 50 ml, of benzene; equal volumes of this solution

were applied to two 18 x 1 cm, alumina columns which were eluted

with 0.8$ ethanol in benzene. The three separate fractions

corresponding to 5a-pregnane-3p:20<x-dlol, * alioprognanediol' and

'pregnanediol' ( Pigs, 9 and 10) were obtained and a 1/40^
aliquot of each fraction chromatographed on paper in system T1

for 18 hours with authentic 5a-pregnane-3p:20a~diol and 'pregnane¬

diol' , The 5ct-pregnane-3(3s20a-diol and 'pregnanediol fractions

moved at the same rates as their respective standard compounds.



There was, however, some contamination of the 5a-pregnane~3p:20a-

diol fraction with 8 allopregnanadlol1, which is very Insoluble

(Kyle and Marrian, 1951); this insolubility is probably the cause

of its streaking on paper chromatograms, and also makes paper

chromatographic separation in microgram quantities difficult. The

fraction corresponding to 5c.-pregnane-3 p :20a-diol was, therefore,

rechroroatographed on an 18 x 1 cm. alumina column with 0.8$
ethanol in banaene and the same fraction of the eluate corresponding

to 5a-pregnane-5p:20a-diol taken. This fraction of the eluate was

filtered and the solvent evaporated; the residue was then ra-

crystallized from methanol and a very small quantity of crystalline

material was obtained. The crystals were in the form of needles

which melted at 215-220°C, and when mixed with an authentic sample

of 5a-pregnane-3p:20a-diol ( m,p, 216-219°C,) melted at 205°0,

Because of the very small quantities wh^ch had been obtained it

was not possible to repeat the crystallization. This crystalline

material behaved ohromatographically on paper and on alumina like

5a-pregnan®~3p:20a-diol; the melting point of this material was

also like that of 5a-pregnane-3p:20a-diol but, because there was

some depression of the mixed melting point, it is apparent that

this material has not yet been obtained pure.
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D. THE POLAR AMD MEDIUM POLAR FRACTIONS OF THE ' GLTJCURONIDE'

EXTRACTS

I, The ketonlc fraction

1. The medium polar katonic 'glucuronide1 fraction

2. The polar ketonic 1glucuronids' fraction

(i) Fraction 18 (containing radioactive components
behaving like 3p:16a-dlhydroxy-5a- and 5p-
pregnan-420-ones)

(ii) Fraction 17 (containing a radioactive component
behaving like 3a:6a-dihydroxy-5p-pregnan-20-one)

(iii) Fraction 16

II* The medium polar and polar non-ketonic ' c*luouronidet fractions

1, The medium polar non-ketonic 'glucuronide1 fraction
(containing a radioactive component behaving like
5p-pregnane-3a:17a:20a-triol)

2, The polar non-ketonic 'glucuronide' fraction

3, The unlabelled metabolites corresponding to the
medium polar and polar non-ketonic 'glucuronide'
fractions

III. Summary



D„ THj POLAB A;!D " SDIUM POLA*' FhACTIOttS OF TH5 'OLUCU'tOMIDB1 S2XTRACTS

The least polar fractions of the countarcurrent distributions

contained the compounds previously accepted as metabolites of pro¬

gesterone. The components of the medium polar and polar fractions

of the ' gluciironida' extracts (Pigs. 5, 6 and 7) have not previously

been studied. A single polar ketonic fraction has been described

by Contractor and Pearlman (1960) only in two pregnant subjects.

Chang ejfc al. (1960) separated the polar compounds into two groups

but these workers did not perform a preliminary Oirard separation

and therefore a comparison of their results with those in the

present work is difficult.

There has been no previous report in the literature of the

large medium polar and polar non-ketonic fractions nor of the

further separations of any of these fractions. These separations

have been a major problem because the number of metabolites was so

large. In the investigations to be reported in this section of

the thesis, the separations by paper chromatography and by adsorption

chromatography on alumina are described; the chromatographic

properties of some known steroids and those of the radioactive

fractions are compared. By these means some possible structures

for the radioactive metabolites can be suggested. A further object in

the initial tracer Investigations was to find partition systems in

which these urinary metabolites could be separated so that the gentler

method of partition column chromatography could be used for the
isolation of these metabolites.
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3. Paper diroraatogxnphy in system T2..
A. The c]iromatognapid-C behaviour of the radioaotivity of

the medium polar, ketonic, *glucuronide' fraction.

B. The chromatographic behaviour of ^-pregn;xne—3'6: 20-trione, 1,
arid'Sy^pref^iane—3:16:20~trione,2. These steroids were
detected by the Zimmerman reaction.
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I. TH5 K5T0NI0 FRACTION

The urinary metabolites in this fraction were purer and more

readily separable than those in the non-ketonlc fraction. The

chromatography was further simplified by the separation achieved

in the countercurrent distribution of the polar ketonic 1glucuronide'

fraction (Pig. 7). For these reasons, the medium polar and polar

ketonic 'glucuronide' fractions were investigated in greater detail

than the medium polar and polar non-ketonic 'glucuronide1 fractions.

1, TH3 H'jjDIUT-T POLAR K3T0NI0 'GLTTCUROHIPB* FRACTION

This fraction was investigated in detail because it behaved

chromatographically like the pregnanetriones. These steroid

triketones have a relatively small number of possible stereo¬

isomers when compared with the corresponding pregnanetrlols and

in view of this it would have been anticipated that the separation

and identification of these metabolites should have been relatively

simple; in fact the chemical instability of the compounds in this

fraction made their characterization difficult.

(i) Chromatographic separation of the components of the medium polar
ketonic ' rJucuronlde' fraction

The medium polar ketonic fraction was chroraatographed on paper

in system T2 for 6 hours; three fractions were obtained with Rf

values of about 0,73, 0.61 and 0.53 (Pig. 13), A mora complete



Ml. eluate.

Pig. 14. Chromatography cn a 10 x 1 cm, alumina column eluted with
0.6/0 followed by 1 ,C$ ethanol in benzene (v/v).
The chromatographic belaaviour of the radioactivity of the
medium polar, ketonic, ,glucuranide' fraction is shown by
the relationship between the radioactivity as counts per
100 sec. and the volume of eluate.
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separation could bo achieved by further paper chromatography in

system T1 for 18 hours; this separation allowed an estimate to be

made of tho radioactivity of those three components (Table 24).

Table 24

Estimates of the radioactivity in the components of the medium

polar ketonic *glucuronide1 fraction

Rf value of component
in system T2

f of the injected dose

0.73 0,204

0 #61 0 .023

0,53 0.076

The medium polar Ice tonic fraction was applied to a 10 x 1 cm.

alumina column and eluted with 300 ml, of 0,6$ ethanol in benzene

followed by 300 ml, of 1$ ethanol in benzene. The pattern of

elution of radioactivity is shown in Pig# 14# The three

components of the medium polar ketonic fraction obtained by

paper chromatography in system T2 ware then chromatographed

separately on alumina and it was found that the first four peaks



of radioactivity which were eluted from an alumina column by 0.6$

athanol in benzene corresponded to the component with an Rf value

of 0.73 in system T2, The component with an Rf value of 0.61 was

eluted in 30-90 ml. of 1$ ethanol in benzene and that with an Rf

valu3 of 0.53 in 110-180 ml. of 1$ ethanol in bonseno (Fig. 14),

Thus the chromatographic behaviour on an alumina column of the

least polar component (Rf 0.73) was very different from that of the

two more polar components (Rf 0.61 and 0,53), The radioactive

fractions of the component with an Rf value of 0.73 were separated

more completely by elution with 0.5$ ethanol in benzene than with
%

0.6$ ethanol in benzene. The more complete separation allowed

estimates to be made of the radioactivity in the fractions from

the component with an Rf value of 0.73 (Table 25), It will be

noted from Tables 24 and 25 that the losses on alumina were large.

In view of this, no further attempts were made to estimate the

amounts of the more polar metabolites of progesterone which were

obtained in the present Investigations.
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Table 25

Estimates of the radioactivity In the fractions of the Rf 0.75

component of the medium polar ketonlc 'gluouronlde' fraction

10 x 1 cm. alumina column

0.5$ ethanol in benzene
ml. eluate

$ of dose in the fraction
( x 10S)

30-63 0.04

99-135 0.06

136-189 0.8

190-219 0.2

Total recovery of injected
dose as the fractions of
the Hf 0.73 component

- - H

0.002$

(ii) Preparation and chromatographic behaviour of aome pref.nanetriones

5p-Pregnane-3s6:20-trione was prepared by the oxidation of

Sa: 6cc-dihydroxy—5p—pregnan-30—one with 5$ chromium trioxide in

50$ aqueous acetic acid for 6 hours; those conditions are milder

than those which Moffett and Hoehn (1947) used to prepare this



pre gnane trio tie • The 5a-pr3gnane-3:6:20-trione was prepared from

the 5p-pregnane-3:6:20-trlone by the method of Moffett, Stafford,

Linsk and Hoehn (1946).

I3ven milder conditions than those used in the preparation

of the 6-oxo compounds were necessary to obtain the '5a- and 5p-

pregnane-3:16:20-triones' . The op: 16a-dihydroxy-5cc- and 5p-

pregnan-20-ones ware oxidised with 9% chromium trioxide in 50$

aqueous acetic acid for 10 minutes. This oxidation produced a

compound which behaved chromatographically like a trlketone and

which gave a red colour in the Zimmerman reaction similar to that

described by Hirschmann, Hlrschmann and Daus (1949) for the 16-

oxo group. It was concluded that thi3 oxidation product was

probably the pregnane-3:16:20-triona and therefore it was

designated 1 pregnane-3:16:20-trlone'. The chromatographic

behaviour of these 'triketones' on paper in system 13 corresponded

to that of the radioactivity of the medium polar ketonic fraction

(Table 26).
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Table 26

The chromatographic behaviour of some 'trlketones1 and the radio¬

activity of the medium oolar ketonlc ' glueuronlde1 fraction

Probable structure Rf value in system T5

5p-pragnane-3:6:20~trlone 0,78

5a-pregnane-3:6:20-triono 0.8

'5p-pregnane-3:16:20-trione' 0.6

'5a-pregnane-3:16:20-trione! 0.57

Radioactivity in medium polar
ketonlc ' glucuronic^' fraction 0.5-0.8

(ill) The oxidation of the medium polar ketonlo 1glucuronlde1
fraction

The chromatographic behaviour of the medium polar ketonlc

fraction was Investigated after oxidation with 5$ chromium trioxide

in 50$ aqueou3 acetic acid. Only two small peaks of radioactivity

were obtained when oxidation of the whole fraction was continued

for 6 hours; these peaks were eluted from a 10 x 1 cm, alumina
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column by 45-75 ml, and 95-150 ml, of 0,5$ ethanol In benzane

(compare Fig, 14 and Table 25), 5p-Pregnane-3J6:20-trione was

eluted from the column in the region of the first of these peaks,

3ven if th8 time of oxidation was reduced to 1 hour virtually all

the large central peak of radioactivity alutod at about 90 ml, of

0,8$ ethanol in benzene (Fig. 14) was lost.

Conclusion. The less polar components of the medium polar

ketonic fraction behave somewhat like 5p-pregnane-6:S:2Q-trione,

(iv) The unlabelled metabolites corresponding to the medium polar
ketonic 1glucuronlde* fraction

The aliquots of this fraction from the countercurrere¬

distribution of the unlabelled metabolites produced no detectable

colour in the Zimmerman reaction. Because the residue obtained

in this fraction was small and the compounds were not highly

chromogenic in the Zimmerman reaction, no further investigations

were made on this fraction.
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2. TH3 POLAR K3T0KIC 'QLUCUROWID^1 FRACTION

This fraction was separated into three components

16, 17 and 18 on further countercurrent distribution (Pig, 7),

The two least polar fractions 17 and 18, behaved like steroid

dihydroxy-flionoketones when chromatographed on paper in

system T3 (Table 27), The Rf values given in Table 27

were obtained following chromatography for about 6 hours;

better separations were obtained when chromatography wa3

continued for 18-24 hours. Further separations were

achieved by chromatography on alumina. This method

yielded radioactive fractions which corresponded to some

of the available standard steroids.
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Table 27

The chromatographic behaviour of the polar ketonlc fraction

and some steroid dlhydroxy-monoketones

-

A. Rf values

System T2 T3 BZ

Fraction

16 0 0 0.47

17 0,11 0.125 0,64

18 0.16 0.23 0 . 01 o 0.23
(central
peak)

0.78

B. Standard steroids

3a: 6a-dihydroxy-op-pregnan-
20-one 0.13

3p:16a-dihydroxy-5a-pregnan-
20-one 0.17

3p:16a-dihydroxy-5p-pregnan-
20-one

|

.

i .... - — -

0,22



S ci>

Fig. 15. Paper chromatography in system T3 for 12 hours.
A. The chromatographic behaviour of the radioactivity

of the polar, ketonio, 'glucuronide' fraction, 18.

B. The chromtographie behaviour of 3/^:16c(-dihydroxy-
5£pregnan-20~one,1, and 3j?: 16of-dihydroxy-5fifpregtian-20-one, 2.
These steroids were detected by the Zimmerman reaction.



(i) THIS 13 FRACTION OF TH3 POLAR KdTONIC 'GLUCURONIC' C0MP0N3NT

(a) Paper chromatography of fraction 18

When fraction 18 wag chromatographed on paper in system T5

for 6 hours the radioactivity behaved somewhat like the standard

3p:l6a-dihydroxy-5a- and 5p-pregnan-20-onos (Table 27). Whan

the time of chromatography in system T3 was increased to 18 hours,

then the main peak of radioactivity moved 30 cm, from the origin,

the standard 3p:16a-dihydroxy-5p~pregnan~20~one moved 28 cm, from

the origin and the corresponding 5a compound moved 20 cm. from the

origin. Both the 3p:lSa-dihydroxy-5a- and 5p-pregnan~20~ones

moved at the same rate as radioactivity from fraction 18 but they

did not correspond to the main peak of radioactivity (Fig. 15).

Paper chromatography of these 16a-hydroxy compounds was not

easy. The standards were difficult to detect on paper; neither

of them produced an intense colour in the Zimmerman reaction nor

did they readily reduce phoaphomolybdlc acid, "/hen the Zimmerman

reaction was performed with 200 jug. of both standard compounds, and

the colour measured in a final volume of 3.25 ml., the OD max.

(500 rap) was 0.266 for the 5a compound as compared with 0.376 for

the 5p compound. In addition to the difficulties of detection,

the 5a compound tended to streak on paper due to its insolubility.



Ml. eluate.

Fig. 16. Chromatography on a 10 x 1 cm. alumina column eluted
with 1 ,7r> ethanol in benzene (v/v) .

The chromatographic behaviour of -the radioactivity of
the polar, ketonic, •gluouronide' fraction, 18, is sham
by the relationship between the radioactivity as counts
per 100 sec. and the volume of eluate.



Pig. 17. Chromatography on an 18 x 1 cm. alumina column eluted
with 1 .7/5 ethanol in benzene (v/v).

A. Further chromatography of the component of the
polar, ketonio, 'glucuronic1 fraction, 18, which was
eluted from a 10 x 1 cm. alumina column by 15-100 ml.
of 1.7/5 ethanol in benzene.

B. The chromatographic behaviour of 3^ 516^-dihydroxy-
5^pregnan-20-one,1, and 3/S: 16oc-dihydroxy-5*px«gnan-20-one,
2, is shown by the relationship between the volume cf
eluate and the corrected optical densities of the colours
given by these steroids in the Zimmerman reaction.



(b) Chromatography of fraction IS on alumina and the separation
of components corresponding to 5p:16cr.~aihydroxy-5(T- and

5 r.-pi'of ria n-£0 -otie s

Fraction 18 was applied to a 10 x 1 cm. alumina column and

eluted with 1,7$ ethanol in benzene. The pattern of the radio¬

activity which was eluted showed two main groups of components,

neither of which ware fully separated (Fig, 16), The least polar

of these two groups was eluted in the 15-100 ml, fraction of the

eltxate, The residue from this fraction was rechromatographed

on an 18 x 1 cm* alumina column with 1,7% ethanol in benzene, and

the pattern of elution 3howed three separate peaks of radioactivity;

these are shown in Fig, 17A. Two hundred micrograms of 3(3; 16a-

dihydroxy-5a-pregnan-20-one and of the corresponding 5f compound

were also chromatographed on an 18 x 1 cm, alumina column with

1,7# ethanol in benzene. The Zimmerman reaction was performed

on 3 ml* fractions of the eluate and the corrected optical

densities which were obtained in a final volume of 3,25 ml, are

shown in Fig, 178* An earlier experiment had indicated that

3(3 ;16or-dihydroxy-5p-pregnan-20-one was eluted from alumina before

the corresponding 5c compound. From this evidence it was concluded

that there were two radioactive components which behaved on alumina

like these two 16a-hydroxy compounds.
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The radioactive fractions and the two corresponding standard

16a-hydroxy staroids ware reduced with potassium borohydride in

methanol and the reduction products were chromatographed on paper

in the system SAc 15. The borohydride reduction products of

3p:16a-dihydroxy-5a- and 5 p -pregnan-20 -one travelled with Rf

values of about 0.43 and 0.5 respectively. Tha chromatographic

behaviour of the radioactive fractions after borohydride reduction

was similar to that of the reduction products of tha corresponding

standard compounds.

The radioactive fractions from the alumina column were

oxidized with 9% chromium trioxide in 50$ aqueous acetic acid for

10 minutes, Tha oxidation products were chromatographed on paper

in system T1 with the similarly oxidized standard 16a-hydroxy

compounds. Both radioactive fractions and standard compounds

after oxidation moved with an Rf value of about 0.15 in system

Tl, The'Sp-prognane-SrieiSO-trlone' and the corresponding
radioactive fraction moved slightly faster than tha related 5a

compound and its corresponding radioactive fraction.

Conclusion. Prom the evidence which has been given, these

two radioactive fractions probably were 3p:16a-dihydroxy-

5a- and 5p-pregnan-20-onos.
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(c) The oxidation of the major components of fraction 18

The major part of the radioactivity in fraction 18 was

eluted from a 10 x 1 cm, alumina column by 100-250 ml, of

1,75C ethanol in benzene (Pig. 16). This fraction of the

eluate was oxidized with 9$ chromium trioxide in 50$ aqueous

acetic acid for 10 minutes. After oxidation it was chromato-

graphed on paper in system T1 for 6 hours with 5p-pregnane-

3:6:20-trione and '5p-pregnane-3:16:20-trione'. The

chromatographic behaviour of the radioactivity was similar to

that of 5p-pregnane-3:6:20-trione. The oxidized radioactive

fraction was then reduced with potassium borohydride in methanol

and the product chrornatographed on paper in system SAc 15, The

reduced radioactive fraction and the borohydride reduction

products of 5p-pregnane-3:6:20-trione both ran with Rf values

of 0.5 in this system along with small quantities of a second

compound which ran slightly behind the main product.

Conclusion. The major radioactive components of fraction

18 may have an oxygen atom at 06,
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(d) The unlabelled metabolites corresponding to fraction 18

This fraction was chromatographed on paper in system T3

for G hours; when the Zimmerman reaction was performed on

the chromatogram one major component with an Rf value of

0,22 and two minor components which ran slightly behind the

main spot were detected. This chromatographic behaviour

was similar to that of the radioactivity in fraction 18

(compare Pig, 15), A stable blue colour was produced by

these compounds in the Zimmerman reaction. In view of

the complexity of this fraction (Pig, 16) no further attempt

was made to isolate any one of it3 components.
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Pig. 18. Paper chroiaatography in system T3 for 18 hours.
A. The ohroiaatographic behaviour of the radioactivity

of tiie polar, ketanic, •glucuronide* fraction, 17.

B. The chromatographic behaviour of Jod* 6y-diiiy,lroxy-
5^-pregnan~20-~one,1. This steroid was detected by
the khwaerman inaction.
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(11) THE 17 FRACTION OF THE POLAR ATOMIC ' GLUCTIRONIDE1 COMPONENT

(a) Chromatography of fraction 17

The radioactivity of the 17 fraction corresponded

chromatographically to 3d:8a~dihydroxy-5p-pregnan-20-one

when run on paper in system T3 for only 6 hours, "/hen the 17

fraction and 3d:6d-dihydroxy~5p-pregnan-£0-one were chromato-

graphed on paper In system T3 for 18 hours, the main peak of

radioactivity moved 15 cm., and the standard 3a:6d-dlhydroxy-

5p-pragnan-20-one moved 16 cm, from the origin (Pig. 18),

Thus the main peak of radioactivity in fraction 17 was not

identical with 3d:6d-dihydroxy-5p-pregnan-20-one• The

chromatographic behaviour of fraction 17 on an alumina column

confirmed this. The radioactivity of fraction 17 was eluted

from a 10 x 1 cm. alumina column with 300 ml. of 1.9$ ethanol

in benzene followed by 300 ml* of 2,0$ ethanol in benzene*

The pattern of elution of radioactivity (Pig. 19A) showed one

major peak incompletely separated into two components and at

least five smaller peak3* Twenty-five micrograms of 3d:6a-

dihydroxy-5p~pregnan-20-one were chromatographed on an alumina

column by the same method as that used for fraction 17 and

the Zimmerman colour reaction performed on the residues from

3 ml. fractions of the eluate. The corrected optical densities



Pig. 19. Chromatography on a 10 x 1 am. alumina column eluted
with 1.9$ followed by 2^ ethanol in benzene (v/v).

A. The chromatographic bel-javiour of the radioactivity
of the polar, ketonic, 'glucuronide' fraction, 17, 1®
shown by the relationship between the radioactivity as
counts per 100 sec and the volume of eluate.

B. The chromatographic behaviour of 3°<: 6cK-dihydroxy-
5^pregnan-20-one is shown by the relationship between
the volume of eluate and the corrected optical densities
of the colour given by 3^:^-dilaydrosy-5^pregnan-20-orie
in the Zimmerman reaction.
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obtained In a volume of 0,5 ml, are shown in Pig, 19B, Prom

the position of elution of the standard steroid it was apparent

that the chromatographic behaviour of one of the smaller components

of the 17 fraction was similar to that of 3a: 6a-dlhydroxy-5p-

pregnan-20-one,

(b) The investigation of a radioactive fraction behaving; like
5a: 6a~dihydroxy«-5p-pre?';nan«"20-one

The radioactive component corresponding to 3a:6a-dihydroxy-

5p-pregnan-20-one was separated on alumina from the main peak of

radioactivity in fraction 17 and subjected to further chromatography.

The radioactive fraction behaved like authentic 3a:6a-dihydroxy-

5p-pregnan-20-one when chromatographed on paper in system T3 for

24 hours. This radioactive fraction was then oxidized with 5%

chromium trioxlde in 50% aqueous acetic acid for 6 hours and

chromatographed on paper in system T3 for 6 hours with the

similarly prepared oxidation product of 60 ^g. of 3a:6a-dihydroxy-
5p-pregnan-20-one. Both the standard and the radioactivity moved

with an Rf value of 0,79. The oxidized standard rapidly produced

a transient bluey-grey colour in the Zimmerman reaction. The

radioactive fraction and 25 /ag, of 3a:6a-dihydroxy-5p-pregnan-
20-one were reduced with potassium borohydride in methanol over¬

night, Both standard and radioactivity then moved 5 cm, from

the origin when chromatographed on paper In system T3 for 18
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hours, and on further chromatography on paper in system BZ their

Rf values were 0.17.

Conclusion. Prom the preceding evidence it appears probable

that this radioactive component of fraction 17 was, in fact,

5a:6a-dihydroxy-5p-pregnan-20-one.

(c) Oxidation of the 17 fraction

The three radioactive fractions running, ahead of 5a;6a-
d ihydroxy-5 B -Pre f-nan-20 -one (Fig, 19)

The 50-180 ml, fraction of the eluate containing the three

small peaks of radioactivity which were eluted from the column

before 3a:6a-dlhydroxy-5p~pregnan-20-one (Fig# 19) was oxidized

with 5% chromium trioxide in 50% aqueous acetic acid for 6 hours

and the products chroraatographed on paper in system T1 with 5a-

pregnane-3:6s20-trlone. In this system the Rf value both of the

radioactivity and of the standard was 0,52. The oxidized radio¬

active fraction and 5a-pregnane-3:6:20-trione were reduced with

potassium borohydride In methanol and the products chromatographed

on paper in the system SAc 15. The main product from the reduction

of 5a-pregnane-3:6:20-trione ran with an Rf value of 0.5 with

smaller quantities of another compound (Rf 0.42); the reduced

radioactive fraction showed two similar peaks of radioactivity.



120.

Conclusion. Since the 3as6a-dihydroxy-5a-pregnan-20-one which

has been Isolated from urine is eluted from alumina before 3a:6a-

dihydroxy-5p-pregnan-20-one (Liebarman at al., 1950) it is

possible that one of the three peaks which have been investi¬

gated above correspond to 3a:6a-dihydroxy-5a-pregnan-20-one.

The oxidation of the main radioactive component of fraction 17

When the main radioactive component of fraction 17 was

separated by chromatography on an alumina column (Pig, 19)

and oxidized with 9$ chromium trioxide in 50$ aqueous acetic

acid for 10 minutes, a good yield was obtained of a compound

which behaved chromatographlcally like a triketone. When

this oxidation product \7as chromatographed on paper in system

T1 for 6 hours it moved with an Rf value of 0,33. This Rf

value does not correspond to those of 5a- or 5p-pregnane-3:S:20-

trione (about Rf 0.3) and f5a- and 5p-pregnane-3:16:20-trione'

(about Rf 0.15).

(d) The unlabelled metabolites corresponding to fraction 17

This fraction was chromatographed on paper in system T3

for 6 hours. When the Zimmerman reaction was performed on the

chromatogram three spots which were a stable blue-purple colour

were detected. There was one main 3pot with an Rf value in
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this system of 0.13 and two very much smaller spots which ran

slightly ahead of the main spot. These spots corresponded

chromatographically to the radioactivity of fraction 17, This

fraction was relatively large and consisted mainly of two

componentsj studies on the further purification and character¬

ization of this large fraction are at present in progress.

(ill) THS 16 COMPONENT OF TH3 POLAR K5T0NIC 1GLUCTJRONID?/
FRACTION AND TH3 CORRESPONDING FRACTION OF THE

TJKLAB3LL3D M3TAB0LIT3S

When fraction 16 was chromatographed for 6 hours on paper

in system BZ, it moved with an Rf value of approximately 0,47.

When this fraction was chromatographed in the same system for

24 hours, three components were separatedj the main central

component travelled 16 cm. and the two smaller peaks travelled

14 and 18 cm. The unlabelled metabolites which corresponded to

fraction 16 were chromatographed in system BZ for 6 hours.

Three brown-purple spots were produced by the Zimmerman reaction;

these consisted of one major component (Rf value 0.45) and two

minor components, one of which ran slightly ahead and the other

slightly behind the main spot. These components on chromatography

on paper in system BZ behaved like the radioactive metabolites in

fraction 16. This fraction contained only a small amount of
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the metabolites of progesterone and was contaminated with

the relatively large amounts of impurities remaining in

the fir3t tubes of the countercurrent distribution. Thi3

fraction vras also more polar than the available 3teroid

dihydroxy-«)iono!cetone3. In view of these findings, the

16 fraction was not Investigated further.
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FLOW SHUTT 5

The separation of the pooled 1glucuronide' extracts from the

urine of patient A.W.

The separation of the polar and medium polar non-
ketonic 'glucuronide' fractions (for the countercurrent
distributions see Flow Sheet 1, p. 60).

Non-ketonic fraction

r
Oountercurrent distribution

Polar fraction Medium polar fraction

r__
Very polar
component

Paper chromatography
in system 3Ac3

Component behaving
like the pregnane-
triols with un¬

hindered hydroxyl
groups

'Pregnanetriol'

i

Alumina column
chromatography
Elution with 2.5$
ethanol in benzene

Other components also
behaving like preg-
nanetrlols with one

hydroxyl group
hindered



A
0-48 ^

< Flow ORIGIN

B o 1

Pig. 20. Paper chromatography in system BZ.
A. The chromatographic behaviour of the radioactivity

of the medium polar, non-ketonio, 'glucuronide'
fraction.

B. The chromatographic behaviour of 5^-?regnr.ne-3(X:1:
2O0(-txiol,1. This steroid was detected with phospho-
molybdio acid.

Itu
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II. THS M3PIUM POLAR AND POLAR NOR-K3TONIC 1QLUCURONIDg1 FRACTIONS

These were larger than the corresponding ketonic fractions

(compare Pigs. 5 and 6) but they were also much les3 pure and more

difficult to separate by partition methods. The difficulty in

paper chromatographic separation of these compounds was apparently

due to the rapid spreading of the spots on paper. This was

especially marked in the polar non-ketonic fraction. Because

compounds such as Cortisol, which behaves chromatographically

on paper in roughly the same way as the polar non-ketonic fraction,

cannot be fully recovered from alumina, the polar non-ketonic

fraction was not chromatographed on alumina in the present study.

1. TH3 ^'TBIPlDTf POLAR NOM-K ?I013IC ' GbTTClfHOI-IID'?' FRACTION

(i) Chromatographic separations

When chroraatographed on paper in system TS for 6 hours

this fraction moved with an Rf value of 0,17. This Rf value

was similar to that of the pregnane-3:17»20-triols, but the

behaviour of the radioactivity when chromatographed on paper in

system BZ (Table 23) showed that these pregnane-3:17:20-triola

were not the main components of this fraction (Pig. 20).

Further chromatography also showed that 5p-pregnane-3p:16p:20a-

trlol was not a major component of the medium polar non-ketonic
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fraction. This radioactive fraction was ohromatographed for

24 hours on paper in system T2. There were peaks of radio¬

activity at 13, 19, 26 and 52 cm. from the origin, the 5p-

pregnane-5psl6p:20a-triol moved 30 om. from the origin and

this did not correspond to a peak of radioactivity. The

products of the borohydride reduction of 5a- and 5p-pregnane-

3J6i20-triones were chromatographad on paper in system BZ and

the Rf values which were obtained are shown in Table 28

opposite their probable structures. These compounds did not

behave chromatographically like the main radioactive components

of the medium polar and polar non-ketonic fractions. However,

the corresponding 20<i-hydroxy compounds generally run behind

these pregnanetriols and may correspond to the larger components

of the polar non-ketonic fractions, which remain near the origin

on paper chromatography in system BZ.
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Table 28

The chromatographic behaviour of the medium polar non-ketonic
' nlu.cu.rotilde* fraction and some prep;nanetriols

— ____

Rf values in system BZ

The radioactivity in the medium polar
non-ketonic fraction 0.38-0.48

Standard compounds

5a-pregnane-3p: 17a :20a-triol 0.62

5p-pregnane-3a:17a:20a-triol (1pregnanetriol1) 0.48

5a-pregnane-3p:17a:20p-triol 0.53

5p-pregnane-3psl6p:20a-triol 0.46

Probable structures

(Borohydride reduction products of the
corresponding pregnanetrione3)

15p-pregnane-3a: 6p :20p-trio"l' 0.28

' ba-pregnane-Spjep^op-triol' 0.29



Ml. eluate.

Pig. 21. Chromatograpihy on a 10 x 1 cm. alumina column eluted
2.5?? ethanol in benzene (v/v).

A. The chromatographic behaviour of the radioactivity
of the medium polar, non-ketonic, 1 glticuronide* fraction
is shown by the relationship between the radioactivity as
counts per 100 sec. and the volume of eluate.

B. The chromatographic behaviour of ' pregnanetriol' is
shown by the relationship between the volume of eluate
and the cor -ectcd optical densities of the colour given
by * pregnanetriol' with sulphuric acid.
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(11) The separation and characterization of a fraction
corresponding, to ' pregnanetrlol*

The medium polar non-ketonic fraction was applied to a

10 x 1 cm, alumina column and eluted with 2,5$ ethanol in benzene.

The pattern of elutlon of radioactivity obtained is shown in Pig,

21A, One hundred micrograms of 'pregnanetriol' was chromatographed

by the same method as the radioactive fraction and the sulphuric

acid colour reaction performed on the residues from 3 ml, fractions

of the eluate. The corrected optical densities which were

obtained in a final volume of 3 ml, are shown in Pig, 21B; it

will be noted that a peak of radioactivity behaved chromato-

graphically on alumina like 'pregnanetriol'« The radioactive

fraction of the eluate which corresponded to 'pregnanetriol'

wa3 then rechromatographed on paper in system T3 for 18 hours.

Both the radioactivity and 'pregnanetriol' moved 35 cm, from the

origin. The radioactivity from this chromatogram was eluted

from the paper and oxidized with 0,01 M periodic acid in water 90:

methanol 10 (v/v) for 30 minutes. The product of oxidation was

then chromatographed on paper in system PS for 6 hours. The

radioactivity moved at the same rate as 3a-hydroxy-5B-androstan-

17-one ('aetiocholanolono'), which is the product expected from

the periodic acid oxidation of 'pregnanetriol1•
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Conclusion. One radioactive component of the medium polar

non-ketonic 'glucuronide' fraction was probably 'pregnanetriol'•

(iii) The oxidation of the medium polar non-ketonic 'glucuronide'
fraction

This fraction was oxidized with 9% chromium trioxide

in 50^ aqueous acetic acid for 10 minutes and the products

chromatographed on paper in system Tl. There were three

areas of radioactivity on the ohromatogram; one of these

areas remained at the origin, the others moved with Rf values

of about 0.3-0.45 and 0.55-0.65 respectively. The fraction was

also oxidized with 0.01 M periodic acid in water 90imethanol 10

(v/v) and the products chromatographed on paper in system PS for

6 hours, A small amount of radioactivity ran with an Rf value of

about 0.35 corresponding to 'aetiocholanolone' and a very small

amount of radioactivity moved with an Rf value of about 0.5 corres¬

ponding to 3a-hydroxy-5c:-androstan-17-one, 'androsterone' • Although

a relatively larger amount of the oxidation products moved with an

Rf value of about 0.6, the majority of the radioactivity remained

at the origin.

Conclusion. In addition to the radioactive component behaving like

'pregnanetriol' there were other components of the medium polar non-

ketonic 'glucuronide' fraction which contained the vicinal glycol

group.



Fig. 22. Paper oharotaatograpiiy in systen EAo 3»
A. The dironsfe^mpMa behaviour of the radioactivity

of tie polar noa-koteiio, 'gduouroni i&* fmotion.

3. Tho ahrom toerajhio behaviour tifatSOP-
triol1,1, '*k<ptt;zaBJ30*3c(t6o(%20^-triol* ,2, and *5/?$regaaae-
3£11 &62(^r-triol* ,3. These steroids war# detected oitli
phosphcuaolybdie aoid.
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2. THIS POLAR NOH-KSTO.NIC 'GLTJCUROillD'S1 FRACTION

(1) This fraction wag chromatographed on paper in system SAc 3

for 6 hours. By this mean3 three zones of radioactivity were

obtained, one at the solvent front corresponding to the medium

polar non-kstonic fraction, a second with an Rf value of 0.75-0.5

and the third with an Rf value of about 0.2 (Pig. 22), Since it

was possible that the fraction with an Rf value of 0,2 contained

a vicinal glycol group, an aliquot of the polar non-ketonic

glucuronide fraction was oxidized with sodium bismuthate in

50% aqueous acetic acid o%'srnigh.t. The oxidation removed

the most polar component of the fraction which ran with an

Rf value of about 0.2 in system SAc 3.

The large component of this fraction with an Rf value

of 0,75-0,5 behaved chromatographlcally on paper in system SAc 3

like the products of potassium borohydrlde reduction of 5aj6a-

dihydroxy-5(3-pregnan-20-one and 3(3:16a-dihydroxy~5a- and 5(3-

pregnan-20-ones (Table 29), Potassium borohydride reduction of

the 20-oxo group gave predominantly one product, almost certainly

the 20p-hydroxy compound. The reduction of 3a:6a-dihydroxy-5p-

pregnan-20-one with sodium in ethanol gave two products, one of

these ran behind the 20p-hydroxy compound on paper chromatography;

the more polar compound was probably 5p-pregnane-3a:6a:20a-triol,
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TablQ 29

The chromatographic behaviour of some pregnanetriols

Probable Structure Rf values in system 3A.c 3

5 p-pregnane-3 p s 16oc :20p-triol 0.63

5a-pregnane-3p:16a:20p-triol 0.7

5p-pregnane-3a:6as20p-triol 0.67

(ii) Oxidation of the polar non-ketonic 'glucuronide' fraction

This fraction was oxidized with 9% chromium trioxide in

50$ aqueous acetic acid for 10 minutes and the products

chromatographed on paper in system Tl. The Rf values of

two main areas of the chromatogram which contained radioactivity

were 0.7-0.6, 0.3-0,15, a considerable amount of radioactivity

also remained at the origin. The component with Rf values

0.3-0,15 corresponds to the pregnane-3:6:20-trione3 and
' pregnane-3:16:20-triones'.
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Conclusion. The polar non-ketonic 'gluouronide1 fraction

may contain pregnanetriols with relatively unhindered hydroxyl

groups; some of the additional hydroxyl groups are probably

at the C6 or C16 positions. The characterization of these

compounds is not possible until better methods of separation

of this fraction are found.
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THS UNLAB2LLDD M'?TAB0LIT3S CORBfgS PONDING TO TH'j MEDIUM POLAR

AMD POLAR NON-KATONIC 'OLUCPRONIDB' FRACTIONS

The polar fraction of the unlabelled metabolites was highly

impure and chromatograms showed large amounts of material which

reduced phosphomolybdic acid. The medium polar non-katonie

fraction of the unlabelled metabolites contained compounds

which readily reduced phosphomolybdic acid and behaved

chromatographically on paper in systemsT5 and BZ like the

radioactivity in the medium polar non-ketonlc 'glucuronide'

fraction. Only partial separation of these unlabelled

metabolites has been produced in partition systems by counter-

current distribution and by chromatography on paper and on

Celita columns. This difficulty is similar to that encountered

in the separation of the radioactive metabolites by paper

chromatography, In view of these methodological problems

no further attempt has been made to isolate the major components

of the more polar non-ketonic fractions.
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111 • sm-TMARY

In the present study the results of the initial tracer

experiments have generally been confirmed by those obtained In

the Investigation of the unlaballed metabolites. A large

number of components have been obtained from the medium polar

and polar 'glucuronlde1 fractions (Pigs. 13-22), and by means

of chromatography with small quantities of standard, steroids,

structures have been suggested for 3ome of the components of

these polar fractions; the majority of these polar metabolites

probably consist of compounds with one extra hydroxyl or ketone

group in addition to those at 03 and C20. Radioactive components

have b3en demonstrated which behave a3 if those extra hydroxyl

groups were in positions 6, 16 and 17; but there i3 a possi¬

bility that at least on© other position may also be hydroxylated.

The majority of the polar k©tonic compounds probably have a C20

oxo group because of the stable blue colour which they produce

in the Zimmerman reaction.
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DISCUSSION

A. THE IMPORTANCE OF THE "ETHOPS USSD IN THE STUDY OF PROGESTERONE

METABOLISM

I. Species differences in progesterone metabolism

II, The Importance of progesterone in the biosynthesis of
the steroid hormones

III, Routes and duration of excretion of radioactivity after
a dose of radioactive progesterone

IV, The methods used in the separation and characterisation
of the urinary metabolites of progesterone

1, Countercurrent distribution and chromatography
2. The chemical methods used in the investigation

of the urinary metabolites of progesterone

B. THS STRUCTURES OF THE URINARY METABOLITES OF PROGESTERONE

I, The least polar fractions

1, Least polar non-ketonic fraction
2, Least polar ketonic fraction

II. The medium polar and polar fractions of the 'glucuronide'
extract

1. The 6-hydroxypragnane derivatives
2. The 16-hydroxypregnane derivatives
3. Other sites of hydroxylatlon of the

steroid molecule
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DISCUSSION

A. THB IMPORTANCE OF THE METHODS USED IN THE STUDY OF PROGESTERONE
METABOLISM

I. SPECIES DIFFERENCES IN PROGESTERONE METABOLISM

The early Investigations of progesterone metabolism with

radioactive isotopes were performed on animals. Mice and rats
1 4

were injected with (21-~ C) progesterone and the localization
and excretion of radioactivity studied. The majority of the

radioactivity was excreted, mainly in the faeces with about 10$
in the expired C0S. The radioactivity was principally localized

in the tissues concerned with the excretion of metabolites, namely

liver and kidney (Rlegel, Hartop and Kittinger, 1950; Barry,

Bidinoff, Dobriner and Gallagher, 1952; Doisy, Booklage, Shen

and Valcourt, 1952).

In these investigations there was no evidence of retention

of radioactivity and consequent tissue damage; however the mainly

faecal excretion of metabolites in mice and rats differed from the

predominantly urinary excretion in man. Because of this species

difference, it was considered necessary to use radioactive

progesterone in man in order to gain information about its

metabolism.



II. TH3 IMPORTANCE OF PROGDST^ROF? IN TH^l BIOSYNTHESIS OF THS

STgROID HOH^ONSS

One of the factors which must be considered in a study of this

kind is the central position of progesterone in the biosynthesis of

the steroid hormones. In the present investigation, patients were

chosen for investigation in whom the main sites of steroid bio¬

synthesis, i.e. ovaries and adrenals, had been removed surgically,

for metastatic mammary carcinoma. Because of their extensive

neoplastic disease and ultimately unfavourable prognosis, it was

considered justifiable to glv3 them relatively large doses of ^""C.
Although these surgical measures must have considerably reduced

biosynthesis, the presence of 'pregnanetriol' among the more polar

metabolites of progesterone (p.127) may indicate that the biosynthesis

of the steroid hormones from progesterone had not been completely

abolished; this may be due either to the presence of accessory

adrenal or ovarian tissue or to incomplete removal of these organs.

III. ROUTES AND DUBATIOH OF THS 3XCR3TI0N pp RADIOACTIVITY APTHTR A

DOS 3 OF RADIOACTIVE PROG^STTONg!

Studies on progesterone metabolism are generally conducted on

urine. Although the majority of the metabolites of progesterone

are excreted in the urine, Sandberg and Slaunwhite (1958) have shown

that there is a substantial biliary excretion of about 30$ of the



injected dose of radioactivity. This biliary excretion, re-

absorption and subsequent recirculation of the metabolites of

progesterone is associated with their slow and l3ss complete

excretion in the urine. In view of the prolonged excretion of

the metabolites of progesterone, it might have been possible to

increase the recovery of the injected dose by collecting the

urine over a long period following the Injection. In the present

study, the period of collection was 10-14 days which was almost

twice as long as that used by previous investigators. In spite of

this, radioactivity could still be detected in the urine on the

14th day after a 2 juc dose (p.20 ), although this radioactivity
could not be measured accurately with the methods which are

currently available In thi3 laboratory. In the present

investigations, even when urine collections were continued for

a total of 10-14 days, the amount of radioactivity recovered in

the urine was in agreement with previous observations. Therefore,

the increase in the recovery of radioactivity which was gained by

continuing collections for a further 5-7 days, wa3 small. The

results of the present investigations have differed from those of

previous investigations in that relatively greater amounts of more

polar metabolites have been foundj this may partly be due to the

fact that after a dose of progesterone metabolites have been

Investigated from the urine collected over a period of 8 days



rather- than from the previously described 3-5 day period. The

moro polar oestrogen oestriol is excreted more slowly than oestrone

or oostradiol-17(3 following an injection of oestrone or oestradiol-

17p (Brown, 1957),

The type of patient and their environment may have to be

considered in assessing different sets of results. In obese

subjects a possible cause for the prolonged excretion of pro¬

gesterone metabolites could be their storage in fat (Davis and

Plotz, 1957). The environment of the patient can have an effect

on homoii3 levels in body fluids, Apostolakis and Loraine (1960)

have shown that urine and plasma levels of human pituitary

gonadotrophins are lower in hospitalized patients than in ambulant

subjects, and Hoy (1962) has found that the levels of oestrone and

oestradiol-17p In the blood of pregnant women fall on admission to

hospital. The increase in the excretion cf radioactivity In the

urine of subject Y, after her discharge from hospital (Pig, 2) may

be related to the changes which have been described above. Although

the excretion of radioactivity in the urine generally falls 3teadily

after the intravenous injection of a radioactive steroid, Gallagher

and Brown (1960) have also noted a rise In the excretion of radio¬

activity in one 24 hour urine sample several days after the

injection of radioactive oestrone.



IV. Tim 'T5TK0DS 1T33D IN Tin 35PAEATI0N AND CHARACTERIZATION OF

Tim ITT'I NARY ■'3?ABCLIT 33 OF PROO'SSTSRONH

This section deals with the advantages and limitations of

the various methods used In this study. It should be emphasized

that the conditions used to study compounds from natural sources

3hould be as gentle as possible so that artefacts may not arise

during fractionation.

1. G0TT!J?3RCURR3I1T DISTRIBUTION AND CTRO^ATOGDAPHY

The use of countereurrent distribution has allowed a

preliminary division of the urinary metabolites with a small

risk of 3oss or of destruction. 3ven from partition columns

the complete elution of polar compounds can be difficult. The

countercurrent machine was also capable of separating the much

larger amounts of material obtained in the experiments with

unlabelled progesterone. Paper chromatography was then applied

to the fractions from the countercurrent, distributions. Both

these methods allowed a complete survey of all the compounds in

the extracts. In the final fractionation of most of the radio¬

active components it was necessary to use tho powerful method

of adsorption chromatography on alumina. Relehstaln and

Shoppee (1949) and Jailer, Fukushima and Lieberman (1952) have



demonstrated that this method is capable of causing large

structural changes in the steroid molecule. However, Reichstein

and Shoppee (1949) have shown that some of these changes could be

minimised by using dr^ solvents and alumina of low activity; these

precautions have been used in the studies reported herein. The

majority of the rex^orted artefacts have been demonstrated when

polar compounds ware chromatographed on alumina; in the present

investigations, alumina column chromatography has not been used to

separate steroids mora polar than 5or.:6a-dihydroxy-5p~prognan-20-

orie, the other components of fraction 17, ' pregnanetriol', and the

other components of the medium polar non-ketonic fraction. 3ct:6a-

Dlhydroxy-5p~pregnan-S0-one had been originally isolated by

Lleberman _et al, (1950) after alumina column chromatography.

Alumina column chromatography of 'pregnanetriol1 and the other

components of the medium x?olar non-ketonic fraction was probably

justified because a method for the quantitative determination of

urinary 'pregnanotriol' is based on this method of chromatography

(Fotherby and Love, 1960a).

Chromatography on alumina columns was used by Chang _ot al.

(1960) in their investigations on the urinary metabolites of

progesterone. These workers used an alumina column approxi¬

mately 10 x 1 cm,; from which 10 or 20 ml. fractions of the

oluate were collected; with this method 'alloprognanediol* and



its 3p-epimer would probably not be separated (Figs. 9 and 10).

Thus the peak of radioactivity designated 'allopragnanediol' by

these workers, probably contained 3ome 5a-pregnano-3p:20a-diol

which they did not demonstrate when this 'allopregnanediol' fraction

was rechromatographed on paper for only 6 hours, 'Allopregnanediol1

and 5a-prognane-3p5 20a~&iol are well separated when chromatographed

on paper in system T1 for 18 hours (p. 73).

In order to be certain of chromatographic separations, small

quantities of standard compounds are necessary (Fig. 8)j much

larger quantities are needed If reverse isotope dilution is to be

psed. Therefore this latter method is applicable only to readily

available compounds, the majority of which have been previously

identified as metabolites of progesterone (Chang jet al., 1960).

There is another limitation of reverse isotope dilution which is

Illustrated by the work of Wiest, Fujimoto and Sandberg (1958)}

these workers used this technique to confirm that a single peak

of radioactivity consisted of 5p-pregnane-3a:20a-diol; the

corresponding peak in the present study has been shown to consist of

3 identifiable pregnanediol.3 and at least two other compounds. Thus,

although Wlest at al, (1958) identified the major radioactive component

of this peak by reverse isotope dilution, they did not prove that the

radioactivity consisted entirely of 5p-pregnane-3a?20a-diol. This

limitation of the method of reverse Isotope dilution i3 also suggested

by the work of Fishman and Gallagher (1958)who failed to separate 2-

methoxyoe3triol from oestriol by .fractional crystallization in several

solvents.



143.

2. THE CHEMICAL METHODS US ID IN THE INVESTIGATION OF THS

URINARY METABOLITES OF PROGESTERONE

An important method of investigating the structures of

steroids is the preparation of derivatives, preferably by a

stereospecific method, which can then bo followed by chromatography.

In this way, the stereospecific reduction of the ketones was found

to be extremely useful. The introduction of sodium borohydride

for the reduction of aldehydes, ketones and acid chlorides by

Chaikin and Brown (1949) was a considerable advance on the use of

the similar reducing agent lithium aluminium hydride. It is

possible to predict what the principal products of borohydride

reduction will be from the position of the ketone group on the

steroid molecule. Elisberg, Van der Haeghe and Gallagher (1952)

have shown that borohydride reacts rapidly with unhindered ketones

to give predominantly the equatorial hydroxyl group. Oliveto and

Hershberg (1955) have demonstrated that in the hindered sites

there is slower formation of the axial hydroxyl group. The

saturated 3-ketones react so rapidly that this can be used to

produce 3-hydroxyl groups without reduction of the 11-and 20-oxo

group3 (Soloway, Deutsch and Gallagher, 1952)j this has been

studied in some detail by Garrett and Lyttle (1953), However,

the 3-oxo group when conjugated with a double bond in the 4-5

position is very slowly reduced (Norymberski and 'Vocds, 1955).



It Is generally accepted that reduction of the 20-oxo group

with borohydride or with lithium aluminium hydride produces th9 20(3-

hydroxyl group. However, when lithium aluminium hydride is used as

a reducing agent there are exceptions to this rule; these occur

where steric relationships are altered in the region of the 20-oxo

group by a 17a-hydroxy! group (Poos, 1955), by a double bond In the

16-17 position (Shapiro, Gould and Her3hberg, 1S55) or by a 16a-

substituent (Hlrschmann, Hirsohmann and Daus, 1952). Lithium

aluminium hydride reduction of the 20 -oxo group in the presence of

the groups which have been described above yields both the 20a-

and 20p-hydroxyl groups. In view of these findings, it was

remarkable that in the present studies borohydride reduction of

the 20--oxo group in the presence of a l6a-hydroxyl group yielded

one compound which was probably the 20p-hydroxyl derivative (p. 129).

One of the uses of borohydride in the present study was to

produce from the 5a-pregnanolone fraction pregnanediols which

could be separated one from another; the 5a-pregnanolone fraction

could not be further separated chromatographically Into its com¬

ponent 3a- and 3p-hydroxy compounds. The separation of the 3a-

and 5p-hydroxy compounds is generally carried out by digitonin

precipitation of the 3p~hydroxy compounds. It was not possible

to use this method in the present tracer investigation because of

it3 dependence on a solubility product relationship; with the
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tation with digitonin was unlikely to occur. Haslam and Xlyne

(1953) have described minimum concentrations of steroids necessary

for precipitation by this method. However, it should be noted

that these 'minimum concentrations' are derived from visual estimates

of turbidity. These 'minimum concentrations for precipitation' may

be the lowest concentrations at which a precipitate can be detected

visually rather than a limiting concentration for the formation of

a precipitate. Thus it is possible that the method is more

sensitive than indicated by the figures of Haslam and Xlyne (1953),

Another interesting factor to be considered is that steroids

with a 3p-hydroxy group and the 5p-configuration are not easily

precipitated by digitonin. This insensitivity to digitonin

precipitation is associated with the fact that a relatively small

number of steroids with the 3p-hydroxy~5p-configuration have been

isolated. Despite the small number of urinary 3teroids with this

structure which have been characterized by the classical methods

involving digitonin precipitation, some of the radioactive peaks

which have been demonstrated chromatographically in this study

may be steroids with the 3p-hydroxy-bp-structure, e.g. 3p:16a-

dihydroxy~5p-pregnan-20-one•

One of the first chemical methods \ised in the present

investigation of unknown structures was oxidation. The production

of a steroid ketone from an alcohol reduces the number of possible

structures and, with the aid of chromatography, provides an initial



provisional localization of the oxygon atoms on the storoid

skeleton (p.115 ), For the complete non-specific oxidation of the

hydroxyl groups on the steroid skeleton chromium trioxide was

employed. However, some structures may be destroyed by this

method of oxidation unless very mild conditions are used;

5a-pregnane-Sp:16a:20p-trlol is extensively changed on chromium

trioxide oxidation (Kir3chmann and Hirschmann, 1650), In order

to prepare the pregnane-3:16;20-trione3, the time of oxidation

with 9% chromium trioxide in 50$ aqueous acetic acid was reduced

to 10 minutes; by comparison Bush and Mahesh (1959) oxidized

the relatively unstable steroids with the 4-en-3-one and 6p-

hydroxyl groups for 1 hour with 2% chromium trioxide in 60$

aqueous acetic acid. The discovery of conditions for the

preparation of the pragnane-3:16:20~triones should allow the

more positive Identification of the 16-hydroxy compounds. The

milder conditions necessary for this oxidation are no\y used in

all oxidations of unknown structures.

The acetylation of hydroxyl groups is another chemical

procedure which has been used in the present study. The effect

of steric hinderance on acetylation has been extensively investi¬

gated; sterically hindered hydroxyl groups, although easj to

oxidize, are difficult to acetylata (Fieser and Fieser, 1959).

It was not until Olive to ot al, (1953) introduced p-toluene
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sulphonlc acid, or perchloric acid, as catalysts that the llp-

hydroxyl group could bo esterified at room temperature overnight.

In order to avoid possible failures of the acetylatlon of hindered

hydroxy1 groups, p-toluene 3ulphonic acid has been used as a

catalyst in the acotylation of unknown structures, There is a

considerable limitation in the use of acetates for the

characterization of progesterone metabolites, because in the

conventional paper chromatographic systems which have been

used (see p.55 ), these compounds run with the solvent fronts,

providing no evidence of their structure. For this reason

acetates have not been generally used to characterize the

urinary metabolites of progesterone.
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B. THS STRUCTURES OF THS UHINABY ^STABOLITSS OF PftOGSSTSROKB

The evidence which has been presented for the structures of
K

the metabolites of progesterone is supported by the previous

isolation of the compounds from human urine, by in vitro studies,

and by earlier work using radioactive isotopes. In the sections

of the discussion which now follow, this supporting evidence is

presented and an attempt Is made to evaluate It. First the least

polar fractions are discussed; these contain the compounds pre¬

viously considered to be metabolites of progesterone and the

results generally confirm and extend those of previous tracer

investigations. The discussion on the least polar fractions is

followed by that on the more polar fractions which have not been

previously studied. In the course of the discussion the existing

evidence for the additional hydroxylation of the steroid molecule

is presented.

I. THS LiSAST POLAR FRACTIOUS

1, Least polar non-ketonio fraction

The main urinary metabolite of progesterone Is 5p-pregnane-

3cc:20ct-diol. In addition two other pregnanediols have been shown

to arise from progesterone in the present investigations. These

are 5ct-pregnane-3cc:20a-dlol, 1 allopregnanedlol*, which was Isolated

by Hartmann and Locher (1935) and 5a-pregnane-3p:20a-diol which was
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isolated by Marker at al. (1958). Chang ert al. (1960) have

already shown that 'allopregnanedlol' is a metabolite of pro¬

gesterone but 5a-pregnane-3p:20a-diol has not been previously
demonstrated except in pregnancy urine and after the administration

of large doses of 5a-pregnane-3:20-dione (Ungar, Dorfman, Stecher

and Vignos, 1951). In the present study, a fraction behaving

like this pregnanediol has been demonstrated chromatographically

and a crystalline compound isolated which melted at approximately

the melting point of 5a-~pregnane-3pi20a-diol • (216-219°C.).

Because very small quantities were isolated, only one recrystalliz-

ation was possible and, in view of this it is not surprising that

some depression of the mixed melting point occurred. Prom this

evidence it appears reasonable to conclude that 5a-pregnane-3p:20a-

diol is a metabolite of progesterone in man. Although 5p-pregnane-

3a:20a-diol has been shown to be a major metabolite of progesterone,

this does not mean that progesterone is the sole precursor of

'pregnanediol'• Horwitt, Dorfman, Shipley and Pish (1944) showed

that approximately 1-3$ of administered 21-hydroxy-pregn-4-ene-

3:20-dione, 'DOC', was converted to 'pregnanediol1. Although

there is no evidence that 'DOC' is secreted by the adrenal in

physiological conditions, this observation suggests that different

physiologically active steroids may have common urinary metabolites.

Because of this, the calculation of production rates from the

dilution of administered labelled hormone may be fallacious, unless
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it is confirmed by other methods. Accordingly the endogenous

production rate of progesterone of about 250 mg./24 hr. in advanced

pregnancy as calculated by Pearlman (1957) and by Contractor and

Pearlman (1960) may be somewhat high, since these workers assumed

that 'pregnanediol' and 'pregnenolone' arose solely from

progesterone.

An unidentified peak of radioactivity has been separated in

the least polar non-ketonic fraction (Pig. 11) which may correspond

to the 5p-pr9gnane-3pj20<i-diol isolated by Mason and Kepler (1945)

from the urine of a patient with adrenocortical hyperplasia!

however, there is considerable doubt regarding the suggested

structure of this pregnanediol. The existence of yet another

related urinary steroid should be accepted with reserveJ this

steroid is 5(?-pregnan-3<i-ol which Marker and Lawson (1938) claimed

to have isolated from human pregnancy urine. The extract from

which this steroid was obtained was subjected to vory harsh

conditions and its isolation supported Marker's (1938) hypothesis

that urinary steroids were derived from the reduction of more

highly hydroxylated steroids. Ths present studies have failed to

demonstrate this 5f3-pregnan-3h-ol.

2. Least polar ketonlc fraction

The ketonic metabolites of progesterone are generally present

In smaller quantities than the alcoholic metabolites. However, the

efficiency of the Girard separation has enabled the ketosterolds
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to be Isolated more easily than the alcoholic metabolites. The

major ketonic metabolite in the least polar ketonic fraction was

' pregnenolone' which was first isolated by Marker and Karam (1937)

from human pregnancy urine. Investigations with unlabelled

steroids (Ungar at al, 1951) and previous tracer work had shown

that 'pregnenolone' was the main ketonic metabolite of progesterone.

The excretion of 'pregnenolone1 has been studied in pregnancy

(Dobriner, Lieberman, Rhoads and Taylor, 1948; Davis and Plotz,

1956), and following large doses of progesterone to pregnant women

(Plotz and Davis, 1956). In the latter study, the ratio of

'pregnanediol' to 'pregnenolone* was approximately unity; this

is very different to that obtained In tracer studies (Contractor

and Pearlman, 1960j Chang _et al , 1960), in which the amount of

'pregnanediol' was many times larger than that of 'pregnenolone' .

It is j>ossible that an increasing amount of 'pregnenolone' is

excreted with an increase in progesterone dosage. This is of

interest because a small dose of progesterone was used In the

present investigation and the ratio of 'pregnanediol' to

'pregnenolone' was about 15si.

A radioactive fraction has bean demonstrated In the present

studies which probably contained 3a-hydroxy-5a~pregnan-20-on9,

'allopregnanolone'. and 5p-hydroxy-5a-pregnan-20-one ( p. 92);

these steroids were isolated from human pregnancy urine by



Marker, Kamm and McGrew (1937) and by Pearlman art al« (1942)

respectively» Dobrlner ejb al, (1948) and Plotz and Davis (1956)
have studied the excretion of ' allopregnanolone* in pregnancy;

Dobriner e_t al_. (1948) reported a constant level throughout

pregnancy, whereas the later work of Plotz and Davis (1956) showed

an increasing quantity throughout pregnancy. From the evidence

reported herein, 'allopregnanolone' is probably a metabolite of

progesterone and therefore the work of Plotz and Davis (1956)

is more likely to be correct. However, the complexity of the

relationships between the urinary steroids does not allow any

definite conclusions to be drawn,

A radioactive fraction of the urinary metabolites v/hioh

behaves like the 20-hydroxyprogeaterones has been demonstrated (p*93).

These 2oa~ and fj-hydroxyprogesterones have not been previously

shown to occur in urine but they have been isolated by Zander,

Forbes, von Munstermann and Neher (1D58) from human ovary, placenta
and adipose tissue. However, the identification of these

compounds in urine could only be regarded as provisional.

The conversion of progesterone to its metabolites takes place

mainly in the liver; these metabolites, which are excreted in

the urine, are largely inactive, Kochakian, Haokins and Bruce

(1944) showed that progesterone pellets implanted in the mesentery



of the rabbit wore absorbed with complete loss of biological

activity whereas pellets implanted in muscle showed slight

absorption and marked biological activity. Inactivation in the

body is also rapid; this is shown by the fact that unconjugated

steroids disappear rapidly from the plasma following an intravenous
X4

doso of (4- C) progesterone (Sandberg and Slaunwhite, 1958).

Because the liver is the main site of inactivation of

progesterone in vivo, it is the tissue which has been generally

used to investigate progesterone metabolism _in vitro (Wiswell and

Samuels, 1953). However, the relative amounts of the metabolites

obtained in these studies were different to those found in human

urine (Taylor, 1955), this was true even when human liver was

used (Atherden, 1959). The metabolism of 'pregnanediol' by the

liver has also been investigated in vitro (Grant and Marrian,

1950), Grant (1952) and Taylor (1956) have obtained 'pregnanolone'

from 'pregnanadiol' after incubation in aerobic conditions. Because

there are few urinary steroids with the 20p-hydroxy configuration,

20p-hydroxyprogesterone may be oxidized in this way before it is

excreted.

An alternative method of in. vitro investigation is the use of

tissue culture. Sweat et al. (1958), demonstrated that proges¬

terone could be converted to its 20-hydroxy derivatives and also to
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'pregnanolone' by fibroblasts from the human uterus. Thus

metabolic changes were obtained in a tissue on which progesterone

has a marked biological action (Hooker and Forbes, 1947). Sxtra-

hepatic metabolism of progesterone has also been demonstrated in

rats by Berliner and Wiest (1956). When the radioactive hormone

was administered to these animals radioactivity was concentrated

in kidneys, adrenals and ovaries, but these tissues were not

entirely responsible for the metabolic changes. It is an

interesting feature of this extra-hepatic metabolism that a high

proportion of the metabolic products retain the biologically active

conjugated ketone group.
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11. TH5 M'SDITR' POLAR AND POLAH FRACTIONS OP THIS

' G LITCUT?0NID ^1 EXTRACT

These fractions are considered separately from the least

polar fraotlons which contained the previously accepted meta¬

bolites of progesterone. It is difficult to define the limits

of this discussion because relatively little information is

available about these more polar metabolites; it is however

possible to suggest some provisional structures for them.

There is a considerable amount of evidence that the 6 and 16

hydroxylation of steroids in the pregnane series occurs in vivo

but this evidence has previously been somewhat scattered in

the literature so it is briefly reviewed at this point.

1. Tin 6-HYDROXYPR3GNAH5 imiTATIVTS

A radioactive fraction behaving similarly to 3as6a-dlhydroxy-

5p-pregnan-20-one has been separated and the three 3mall peak3 of

radioactivity running ahead of 3a:6a-dihydroxy-5p-pregnan-20-one

(Pig. 19) have been shown to behave like steroids oxygenated at 06.

3a:Sa-dihydroxy-5p~pregnan-20~one and 3a:6a-dlhydroxy-5a-pregnan-

20-one were isolated from human urine by Lieberman £t al. (1950),
and later Salamon and Dobrlner (1954) isolated 3p:6a-dlhydroxy-

5a-pregnan-20-one from the same source. The three small peaks,

which have been mentioned above, may contain the 3a:6a-dihydroxy-

5a-pregnan-20-one and possibly the 3p:6a-dlhydroxy-5a-pregnan-20-one.



The provisional identification of 3<i:6a-dihydroxy-5p-pregnan-20-on8

as a metabolite of progesterone is the first demonstration of the

possible origin of this compound.

The evidence that these 6a-hydroxy steroids arise from

progesterone is supported by the fact that steroids oxygenated at

06 may be produced in vitro. Hagopian, Pincus, Carlo and Romanoff

(1956) have claimed that when human placentae were perfused with

progesterone, 6 Ice to-progesterone was produced, Berliner and

Salhanick (1956) incubated progesterone with human placental

homogenates and obtained ep-hydroxyprogastarone. Hayano, Linbarg,

Wiener, Rosenkrantz and Dorfman (1954) incubated 'DOC' with corpus

luteum homogenates and obtained Sp-hydroxy-'DOC'. Soma 6p-hydroxy

steroids have also bean isolated from urine and adrenalsj Nadel,

Burstein and Dorfman (1956) isolated 6f ~Iiydroxycortisol from human

urine. Raher and Wattstain (1956) isolated three Cp-hydroxy

corticosteroids from adrenal extracts using the polar fraction

remaining after the isolation of aldosterone. Prom the evidence

which has been given above it may be concluded that hydroxylation

at 06 is a pathway of steroid metabolism in vivo.

A group of radioactive metabolites which behave as if they

carry an additional oxygen atom at 06 has been demonstrated in

fraction 18 (p.115 ). This group of radioactive metabolites i3

less polar than the 6a-hydroxy steroid in fraction 17; their

chromatographic behaviour is consistent with the view that the
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compounds in fraction 18 have a 6p-hydroxy group. A problem which

has not yet been resolved is the relationship between the 6a-hydroxy

steroids which may be obtained from urine and the 6p-hydroxy steroids

produced in vitro and found in the adrenals. This subject merits

further investigation.

2. THIS 16-HYDROXYPRBGHAN3 DERIVATIVES

Radioactive fractions have bean separated which behave

chromatographically in a similar manner to the 3p; 150.-dihydroxy-

5a- and 5p-pregnan-20-ones» The evidence for these identifi¬

cations is supported by the isolation of 3ajl6a-dihydroxy-5a-

and 5p-pregnan-20-ones and related steroids from urine (Table IB).

At this point it should be mentioned that, in experiments on

progesterone metabolism, the use of progesterone labelled with

tritium at the 16 position is open to criticism, because the

greater chemical stability of the carbon-tritium bond may inhibit

a normal in vivo hydroxylation.

Hydroxylation in the 16a position is common in the steroids,

oestriol being the best known example; in the pregnane series,

also, compounds of this type have been known f'or a long time.

Odell and Marrian (1938) isolated a pregnanetrlol from pregnant

mares' urine which Marker and Whittle (1939) suggested was a

3:15!20-triol: the structure was finally defined by Hirschmann,

Hirschmann and Daus (1949) as 5a-pregnane-3p:16a:20a-triol.



Soma related compounds which have been isolated from human urine

are listed in Table IB. A number of steroids with a double bond

in the 16-17 position have been isolated from human urine; one

of these, 3a-hydroxy-5p-pregn-16-en-2O-on0 has been thought to be

an artefact arising from elimination of a 16 hydroxyl group

(Fukushima, Kemp, Schneider, Stokem and Gallagher, 1954).

Further advances in the field were stimulated by the

observation that some patients with adrenocortical hyperplasia

excreted excessive amounts of sodium in their urine. This

finding caused Neher, Dasaulles, Visoher, Wieland and Wettstain

(1958) to test a iScr.-by&roxy steroid for sodium-excreting activity

in adrenalectomized rats. This steroid, 5p:16a-dihydroxy-5a-

pregnan-20-one, which these workers had isolated from hog adrenals

was found to produce sodium excretion and for this reason it was

designated the sodium excreting factor. Subsequently the 3a-

epimer was found to possess a weaker sodium-excreting activity

(Neher, Meystra and Wettsteln, 1959), There Is, however, no

evidence that these compounds have any such action in man

(Coppage and Liddle, 1960). Wettstein, Hehor and Ilrech (1959)

have shown that when 16a-.hydroxyprogesterone was incubated with

rat liver a high yield of 3a:16a-dihydroxy-5a- and 5p-pregnan-

20-one3 was produced; the yield from progesterone was shown to

be very much smaller. These workers have suggested that 16a-

hydroxypregnane derivatives arise _in vivo from 16a-hydroxy-

progesterone•
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5. 0TH3H SIT'SS OF HYDROXYLATIOT-J OF THT STBROIP MOL13CTTLB

A radioactive fraction which behaved like 5p~pregnane-3a:17or:20a-

triol, (1pregnanetriol') was separated from the medium polar non-

ketonic *glucuronide' fraction. This urinary steroid is believed

to arise mainly from 17or-hydroxyprogesterone (Fotherby and Love,

1960b). Because the biosynthefcic process of 17tt-hydroxy1ation

is believed to take place mainly in the ovarios and adrenals, it

is possible that tissue was present in the patient studied in

which other biosynthetic reactions may have occurred to a small

extent. Thus small quantities of steroids hydroxylated at

Gil, CIS, C 19 and 021 may have been formed. If 17a-hydroxy-

progesterone was present In the patient studied, then side chain

cleavage and consequent formation of G19 steroids might have been

possible, Vory small quantities of the ©estrogens would then be

synthesized because conversion of the C19 steroid, testosterone,

to the oeatrogens has already been demonstrated in castrated,

adrenalectomized women (West, Damast, Sarro ana Pearson, 1956).

The present investigation has indicated that the number of

metabolites of progesterone present in urine is very large. Some

evidence has been obtained regarding the structure of several of

these metabolites. However, much further work is necessary

before all the compounds present are completely identified.
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SUMMARY

1. Progesterone has been administered to adrenalectomized,

ovariectomized women and the metabolites obtained from

their urine have been studied,

2, The results of an initial investigation with (4-^C)
progesterone have generally been confirmed by

those obtained after larger doses of unlabelled

progesterone,

5, About 60$ of an administered dose of progesterone

is excreted as its metabolites in the urine. The

conventional methods for the recovery of both free

and conjugated steroids from urine have been

evaluated. It has been shown that 60-70$ of

the urinary radioactivity following a dose of

(4-^C) progesterone can be recovered in the

'glucuronide' fraction, and a further 5-10$ in

the 'sulphate' fraction.



161

In the present Investigations, it has been shown

that many urinary steroids which were believed

to be metabolites of progesterone are probably

derived from progesterone,

A large number of those metabolites of progesterone
i i

which are more polar than pregnanediol have been

separated. The majority of these more polar

metabolites behaved as if they carried one

additional hydroxyl group. Radioactive metabolites

have been demonstrated which behaved as if these

extra hydroxyl groups were in positions 6, 16 and

17.
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APPENDIX A

I, Paper Chromatography

1. Materials and general methods

This was performed in a room thermostatically controlled at

24 i 1°0, in all glass tanks measuring 12 x 8 x 21 inches. The

solvents were equilibrated for 18 hours and about 400 ml, of each

phase was placed in the tank (Clayton, 1956) which was then closed

and left for 24 hours before U3e. These solvent systems were

renewed at approximately monthly intervals. The samples to be

chromatographed were dissolved in methanol or ethanol, and were

placed in 'spots' of 1 cm, or less in diameter on Whatman No,42

paper (Peeve Angel Ltd,, London), The 'spots' were placed in

the centre of 3,5 cm, wide lanes, 12,5 cm, from the end of the

paper; no specimens were placed in the lanes at the edges of the

paper. The solutions wore placed on the paper using pipettes of

0,2 ml, capacity with the ends drawn out to a capillary; the

solvent was then allowed to evaporate from the paper at room

temperature, unless the volume to be deposited was large in which

case a stream of hot air was used. The marking of the paper into

strips was adopted because the subsequent scanning of radioactivity

was performed on strips of i->aper, Those papers in which the mobile

phase was allowed to run off the end of tho paper were 'saw toothed'



at their lower ends in order to avoid tiia accumulation of solvent

at this site (Jermyn and Isherwood, 1949). ?hos9 papers which

were impregnated with stationary phase wore dipped in the selected

solvent arid blotted evenly; the samples v/ere then applied to the

paper during the following SO minutes; the paper was placed in

the tank, which contained only the equilibrated mobile xih&se, and

chromatographed, The stationary phases used were diluted with

methanol and were as followsPropylene glycol 2; methanol 1 (v/v)
fom&mide 1: methanol i (v/v).

When vapour phase equilibration was used to impregnate the

paper with the stationary phase (Bush, 1951), the papers were

equilibrated overnight before they were run. All paper

chromatography was performed with 100 ml, of mobile phase and a

descending flow of 3011*eat.

Steroids were eluted from paper chromatograms with ethanol.

The paper was cut into pieces not more than 7 mm. square, placed

in a tube to which 2-4 ml, of ethanol was added; the tube was

than stoppered and left overnight. The tubs and its contents

were shaken for 15 minutes the next morning, centrifuged and an

aliquot taken. The recoveries obtained with this method are

shown in Table 50.
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Table 50

The recoveries obtained on elution from paper chromatograms

Steroid used Recovery % No. Defcmn.

Mean 3D

'DBA' 40 micrograms 100.8 ± 3.8 5

'DHA' 50 micrograms 97.2 ± 3.4 5

(4-*4c) Progesterone 1 m^c
(0.015 micrograms)

99.9 + 0.17 4

It will be noted that the recoveries of microgram quantities of

3p-hydroxy-androsib~5-en-17-one, dehydroeplandrosterone ('DHA'),

using the Zimmerman colour reaction are similar to those of the

very much smaller amounts of radioactive hormones.
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2. Methods of detection of steroids on pacer chroma torerams

The methods of detection for the compounds which were

chroma tographed on paper, with the minimum quantities which could

be detected on an area of 1-2 sQ. cm. are described below. In

order to calctilate Kf values, it was also necessary to locate the

solvent front; this was done by holding the paper in front of a

Hanovla lamp, wavelength of maximum emission 250 raja, and locating

the fluorescent impurities which ran at the solvent front. It was

also possible by this method to detect the ultraviolet absorption

of about 1 jixg, of compounds with the 4-an-3-one conjugated ketone

group.

The steroids with a 17-oxo group were detected by the

Zimmerman reaction performed as follows: 20 mg, of m-diriitro-

benzene were dissolved in 10 ml, of 95% ethanol. Thirty pellets

of KOH were dissolved in o ml, of water and 10 ml. of 95% ethanol

was added when the KOH was completely dissolved. The paper was

first passed through the dinitrobenzene solution, and then passed

through the alkali and blotted. The paper was then warmed gently

until the purple patches appeared. About 5 ^ug. of a steroid
with a 17-oxo group could be detected by this method. Garbonyl

groups at other positions also produced a colour in the Zimmerman

reaction. The C20 oxo group gave a stable blue colour of low

Intensity; the C3 oxo group produced a transient blue colour
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and the colour of the 16~oxo group in this reaction was an

intense stable reddish brown (Hirschmann, Hirschriann and Daus,

1949).

Those steroids which could not be detected by the Zimmerman

reaction or their ultraviolet absorption were generally detectable

by 8% phosphomolybdic acid in ethanol. This was sprayed on to

the paper which was allowed to dry and then gently heated. A

blue 'spot' was produced by most steroids. About 40/Ug. of

'pregnenolone' could be detected in this way but with an

increase in the number of hydroxyl groups on the steroid

molecule this method of detection became more sensitive; thus

about 5 jug. of ' pregnanetriol' co\ild be detected.
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11• CHEMICAL METHODS

1. Oxidations, reductions and acetylatlons

Chemical reactions were performed on a micro scale with all

urinary metabolites, Oxidation was generally with 5% chromium

trioxida in 50$ aqueous acetic acid for 6 hours at room temperature;

when steroids with an oxygen function at C16 were oxidized, gentler

methods were required (p.107 ). Reduction was performed with

potassium borohydride (T'ay and Baker Ltd., Dagenham, Essex) in a

methanolic solution of 1 mg./ml. overnight at room temperature,

Acetylation of residues was generally performed with 0,2 ml,

acetic aahydrlde and 0,3 ml, pyridine overnight at room temperature.

Unknown structures were acetylated with a trace of p-toluene-

sulphonic acid as a catalyst in place of pyridine.

After these reactions had bean performed, the solutions were

reduced in volume under filtered air blast or in vacuo at room

temperature. The residue was then diluted with water and extracted

3 times with 2 volumes of chloroform. The chloroform extract was

washed with 0,1 vol. distilled water until the washings were

neutral; it was then filtered through 3odium sulphate and

evaporated to dryness at a temperature of less than 40°C.



169.

2. Colour reactions

The Zimmerman colour reaction was modified from the method

of Callow, Callow and Humana (1938), The matarials were 2:4-

dinitrobenzene, 100 mg. in 20 ml, of 95%' ethanol and benzyltri-

raethyl ammonium hydroxide 40^ (w/w) in water, These solutions

were mixod 2:1 (v/v) respectively. Then 0,25 ml, of the

reagent was pipetted on to the residue and incubated for 1 hour

at 25°G, The reaction mixture was then diluted with ethanol and

the optical density measured in glass cells with a light path of

10 mm, in a Unlearn SP,600 spectrophotometer. The sulphuric acid

colour reactions for the pregnanediols and for 'pregnanetriol'

were performed by the methods of Klopper <et al, (1955) and of

Pother'oy and Love (1960a) respectively. The optical densities

produced were measured in glass calls with a light path of 10 ram,

in a Unicam 3P.600 spectrophotometer, The optical densities

which are recorded in thi3 thesis were corrected by the method

of Allen (1950), The wavelengths for these corrections wore

chosen from an absorption spectrum which had been determined

previoTisly; the wavelengths for these corrections altered with

the structure of the steroid (Table 31).
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Table 31
x

Wavelengths used in the Allen correction formula

1. Zimmerman colour reaction

Structure of Steroid Wavelengths expressed as ma

\ X
a

\
3

5p:16a-dihydroxy-5a- and p-
pregnan-20-one

450 500 550

3d j 6d-dihydroxy-5p-pregnan-
20-one

410

.

485 560

•DHA*
.

440 520 600

Sulphuric acid colour reaction

•

Structure of steroid Wavelengths expressed as mu

■ ' ■

A
1

X
s

A
3

5 p-pregnane-3cr.: 17a; 2Od-triol 400 435 470

Pregnane-3:20-dlols

i

330 410 440

x Gorr. OD Xa B 2.0dXs - (OdXx + 0D^a)



171.

The absorption spectra of steroids in sulphuric acid

(Zaffaroni, 1950) were measured after incubation for 2 hours at

a temperature of 25°0. with a similarly treated reagent blank

and standard. These absorption spectra and ultraviolet absorption

spectra, which were measured in ethanol, were both determined In

quartz microcells with a light path of 10 ram. in a Unicarn SP.500

spectrophotometer.

The melting points rex>orted in this thesis xvere determined

on a microscope hot stage (Gallenkarap Ltd., London) and were

uncorrected. The solvents and reagents were of AR quality

and were obtained from British Drug Houses Ltd., Pools, Dorset,

unless otherwise s£>ecified. The organic solvents ware purified

by redistillation; the absolute ethanol was purified by the

techniques described by Riddick and Toops (1955).
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Table 52

(^-Glucuronidase Preparations

Source Preparation Opt. pH Buffer used for
incubation

Helix pomatia Industrie Biologique
Franeaise

4.7 0.1 M Acetate

Beef Liver Warner Cliilcott
fKetodas3!

5.0 0.1 M Acetate

!• Colt Sigma 6.5 0,03 M Phosphate
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APPENDIX B

TH3 QUALITATIVE AMD QUANTITATIVE DETECTION OF 14C
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14
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APPENDIX B

TH3 QUALITATIVE AND QUAIITITATIVE DETECTION OF 14C

I« LIQUID SCINTILhATIOH COUNTING OF 140

1, Introduction

Tha measurement of is limited by tha low energy of the

emitted p particles. In order to measure those low energy particles

sensitive methods are needed. One suitable method Is liquid

scintillation counting; this Is based upon the quantitative

amission of light by certain organic molecules in the presence of

radioactive particles (Ott, 1953). The sample to be counted is

dissolved directly in the scintillator; this allows the detection

of low energy particles which ma^ be largely absorbed before their

detection if other methods of counting are used. The relative
14

merits of the methods available for the measurement of C have

been discussed by Stitch (1959), who concluded that liquid scintil¬

lation counting had many advantages In the measurement of steroids

labelled with ^C. The high efficiency and convenience of liquid

scintillation counting are especially important in the study of

steroid metabolism In man; in this tyjje of investigation it is

necessary to count many fractions of low activity. The appli¬

cation of liquid scintillation counting to other biochemical
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problems has recently been studied by Brown and Badrnan (196L);

these workers used Nuclear Enterprises (G,B.) Ltd, equipment

similar to the apparatus used in the present work.

There are, however, disadvantages in the method of liquid

scintillation counting. One of these disadvantages is the

reduction in counting rate produced by some substances when they

are dissolved in the scintillatorj the mechanism of thi3 process

of 'quenching1 has been discussed by Kallme.n and Pur3t (1958),

The reduction in counting efficiency for "*"^C produced by 0S

or by chlorinated hydrocarbons has been described by Stitch

(1959) and Brown and Badman (1961), These investigators also

showed that the counting efficiency for decreased and the

background counting rate increased with increasing volumes of

scintillator, A volume of 3-4 ml, was sufficient to dissolve

the majority of samples without any large decrease in counting

efficiency.

There are a number of minor disadvantages in the method

which may be avoided by following the recommendations of previous

workers, Davidson (1958) has shown that glass and quartz show

phosphorescence after exposure to light. Brown and Badman (1961)

have claimed that this was not detectable after storage of a

quartz oounting vessel in the dark of the counting head for three

minutes before counting, A high level of counting efficiency
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in the method may be maintained by cooling the counting head

(Seliger, 1958; Swank, 1958)♦ The reduction in counting

efficiency for ^~C produced by small quantities of impurities

in the scintillator was minimized by the use of specially

purified chemicals (Hayes, 1958).

There are two further disadvantages in the method of liquid

scintillation counting. The most important is the falsely high

counting rates produced by crude extracts, which Is described

as 1 chemiluminescence' • The second disadvantage is a quencha'cle

component of the total background counting rate. The results

obtained in assessing the reliability of the method of liquid

scintillation counting are given in this section of the thesis,

along with the results obtained in an attempt to overcome some

of the disadvantages of this form of counting.



2. (i) Apparatus

The equipment used for the liquid scintillation counting of

■^C was the assembly NE8301 (Nuclear Enterprises (G.B. Ltd,,

Sighthill, Edinburgh 11), The components of this assembly were

the shielded head unit N35503, the stabilized 'HIT supply NS 5302,

the non-blocking linear pulse amplifier N3 5202 and single channel

differential pulse height selector NS 5102, The output from the

pulse height selector was supplied to an BKCO scaler N 530 F

(Skco Electronics Ltd,, Southend-on-Sea, Essex). The instru¬

mental settings were selected by the method of Haigh (1954) to

obtain the minimum error in counting weak sources of radioactivity.

No upper limit was set to the energy of the impulses which were

counted. Tap water was slowly passed through the cooling coils

of the head unit during counting, and for at least 30 minutes

before counting was started, The activities of the solutions

were measured in cylindrical quartz counting vessels, 5 cm, high

and 2,5 cm, in diameter (Nuclear Enterprises (C,B.) Ltd,) with

silvered side walls and an optically flat end window; these

vessels were fitted with opaque plastic caps. Optical contact

between the end window of the counting vessel and the photo-

multiplier in the head unit was maintained with silicone oil of

20 centlstokes viscosity.
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(ii) Materials and Methods

(a) Radioactive standard

All investigations ware carried out with the same sample
1 A

of (4- *C) progesterone (Radiochemical Centre, Amersham, Bucks.)

as a standard, A concentrated standard solution was prepared

in benzene and stored at -20°C.j dilute standards in benzene

were made from this and 3tored at 4°C.

(b) Organic Scintillators

A volume of 3 ml, NE 213 scintillator (Nuclear Enterprises

(G.8,) Ltd.) was used for the measurement of radioactivity in

solutions completely miscible with xylene. The measurement of

radioactivity from sources soluble in water was initially with

3 ml, JJ3 213 scintillator blended with 7 ml. of dioxan

(scintillation grade, Nuclear Enterprises (G.B.) Ltd.) and

recently with 3-9 ml, of the dioxan based scintillator NB 220

(Nuclear Enterprises (G.B.) Ltd.).

(c) The Counting Procedure

An aliquot of 0.1-0.2 ml. of a solution of the radioactive

material was pipetted into the scintillator in a quartz counting

vassal. Where it was not possible to take an aliquot, the

whole residue was dissolved in a few drops of ethanol and

3 ml, N3 213 scintillator added; this was then transferred

to the counting vessel. The transfer was more than 98$



efficient. The end window of the counting vessel vras blotted

with filter paper, carefully wiped with chamois leather (Stitch,

1959) and placed in the counting head for at least three minutes

before counting. A minimum of about 1000 counts was recorded;

whenever it was possible, aliquots ware chosen to give high

counting rates of 1000-2000 counts per 100 sec. These samples

were generally counted for 300 seconds. In this way the effect

of variations in the background on the observed counting rate

of the radioactive sample was reduced. Counting rates from a

radioactive sample, of 10$ or less of the background counting

rate ware not used. In order to estimate the degree of

quenching in the sample, 2.0 mpc of (4-^4C) progesterone in 0.1
ml, of benzene was added to the sample; the sample + standard

was then counted. The total background counting rate and the

counting efficiency for *^C was checked with each large series

of determinations. The circuit noise or unquenched background

counting rate was always checked before counting was started.

(d) Precautions in the use of radioactive Isotopes

The precautions observed in the use of were those

described In 'The Code of Practice of Persons Exposed to Ionising

Radiations in University Laboratories (1961)'. The laboratory

which was used corresponded to grade B of these recommendations.



180 .

Methods of calculation of fully corrected counting rates

1• The normal method of calculation of fully corrected counting rates

In the majority of the samples quenching was negligible or the

quenching of the background could be neglected. In order to correct

the counting rates from these samples, the counting rate from the

sample minus the total background counting rate was multiplied by

the combined aliquot and efficiency correction factors, and when

necessary by the quenching correction factor (p. 181).

2. A method of calculation of fully corrected counting rates for

samples of low activity showing quenching

Before gas flow proportional counting was available in this

laboratory, it was necessary to count crude samples of low activity

by the method of liquid scintillation counting. The quenching of

a component of the background counting rate was important In these

samples and so a method of calculation was developed In an attempt

to allow an estimate of the radioactivity In these samples. This

method Is similar to that independently developed in the Medical

Physics Department (Tothill, 1961).

In order to find the corrected unquenched counting rate from

sample X, in which quenching of the background was Important, it

was nece33ary to make five observations; these were:-
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N s noise or unquenched background, which was obtained by

counting without the counting vessel in the head unit;

this was about half the total background counting rate

with 3 ml. NB 213.

B = total background counting rate, which was obtained by

counting with the counting vessel and scintillator in

position.

B — N = the quenched background

S ss the observed counting rate from the sample

P =r the counting rate from standard progesterone

Sp st the counting rate due to the sample and standard

progesterone

P — B - unquenched counting rate due to the progesterone

standard

Sp - S ss counting rate due to quenched progesterone standard

Therefore the degree of quenching = ?.P T |
and Sis the quenching correction factor

Sp — s

S is made up of the quenched counting rate from

sample and a component of background - with

an unquenched component of background
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1.®. S ={x + (B - N)} ~ | + N

that is X + (B - N) = (S - N) sp~_Bs
X = (S — N) - (B - N)

This corrected counting rate X could then be multiplied

by efficiency and aliquot correction factors for an

estimate of the total counting rate in the sample at

100^ efficiency.
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Pig. 23. The relationship between the number of oounts per
100 sec. corrected by the subtraction of background
counting rate and the amount of radioactivity in
mpc added to 3.0 ml. of NE213 scintillator. The
mean counting rate from 4- separate samples is plotted.
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3. PTSULTS

(1) The relationship between the observed counting rate and

the amount of In the scintillator

The results in Pig. 23 show that the observed counting

rate after the subtraction of the total background counting rate

is directly proportional to the quantity of C added to the

scintillator. The counting efficiency for with this

scintillator was 88^, with a background of 21 counts per 100

seconds. The instrumental settings were:- gain 1.25 x 10^,
SHT 0.7 kv., discriminator 40 v.

(ii) The selection of Instrumental settings

Simpson (1961a) and others have shown that to minimize the

error of counting weak sources of radioactivity it is desirable to
p j

obtain the maximum ratio S^'/b, where 3 is the counting rate from

the source and b is the background counting rate. This ratio

depends on the voltage at which the discriminator is set. This is

the basi3 of the method described by Haigh (1954) for the selection

of optimum instrumental settings when counting weak sources of

radioactivity. An example of the results, using this method, are

shown in Table 35; the discriminator voltage which was selected

from these results was 40 volts, but because the maximum of S2/b
extends over a fairly wide range of discriminator voltage, this

setting was not highly critical.
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Table 33

The relationship between S^/b and the discriminator voltage

Discriminator
voltage

/Background
counts per
100 sec.

Percentage
efficiency

S2/b r* 10°

10 160 105 3.8

20 36 96 14.6

30 27 91 16.7

40 21 88 20.1

50 20 84 19.5

60 18 77 17.9

70 17 73 17.4

80 16 67 15.2

14
2 rnjuc (4- C) progesterone was counted In 3 ml. HE 213

scintillator at the Instrumental settings gain 1.25 x 10

and STHT 0.7 kv.

4

However, It was necessary to use two groups of instrumental

settings in the present investigations because of an unexplained

alteration in the sensitivity of the apparatvis; this was large

enough to require new settings to reduce to a minimum the error

in counting weak sources of radioactivity. It may also be noted

from the results In Tablo 33 that when the discriminator voltage



Is decreased there is an Increase in the efficiency with which

radioactivate disintegrations are counted; the efficiency of

105^ in these results is within the expected range of error since

the radioactivity of the standard used was dispensed from the

Radiochemical Centre with an error of 'approximately 5$'»

(ill) The errors of liquid scintillation counting with the
instrumental assembly NB 5501

The accuracy of the measurement of radioactivity is limited

by the fluctuations in the observed counting rate. These

fluctuations follow the Poisson distribution law (Taylor, 1957).

A series of twelve 100 second counts was performed on 2 mjuc of
14

(4- C) progesterone in 5 ml, of N3 213 scintillator, the mean

number of counts recorded was 6541 and the variance of this group

of counts was 6751. Thu3 the observed variance was about equal

to the number of counts which were recorded; this was the result

predicted from the Pois3on distribution law. The mean total

background counting rate from 3 ml, NS 213 scintillator in four

3-kilosecond periods was 23.9 counts per 100 seconds, with a

variance of 0.98, which is about 2b% greater than that predicted

by the Poisson distribution law. The variance in background

was generally of this order. The instrumental settings used

in these two series of counts were:- gain 1.25 x 10^, !3HT 0,7

kv, and discriminator 40 v. In a further series, the moan total

background counting rate from three 3 klloaecond periods on one
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day was 30.6 counts per 100 seconds with a variance of 0.26.

Thus the variation In some samples of the background counting

rate may be extremely small. The instrumental settings were

gain 1.25 x 10^, 3HT 0.8 kv. and discriminator 50 v.

No differences were observed between counting rates from

different counting vessels, nor was there any reduction in the

total background counting rate from vessels containing 3 ml,

N£ 213 scintillator after their storage In the dark overnight.

(iv) The quenching of counts observed in liquid scintillation
counting

(a) The effect of oxygen on the counting, efficiency

Stitch (1959) failed to observe any increase in the counting

efficiency when nitrogen was bubbled through the scintillator

before counting. This was confirmed In the present study provided

that the scintillator was freshly and carefully pipetted from a

sample stored under nitrogen,

(b) The reduction in counting efficiency observed with urine
extracts

The extent of the estimated, quenching from chloroform extracts

of urine after p-glucuronldaso hydrolysis was about 10$; however,

extracts which showed quenching of up to 20$ were sometimes

obtained. These estimates of quenching were from the observed

reduction in counting rate from 2 nyic (4-^C) progesterone.
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Samples which showed more intense quenching, e.g. those from

acid hydrolysed urine, were likely to give falsely high counting

rates, and therefore those samples ware counted by the gas flow

method.

(c) The quenching; of the backr;round counting rate

The counting rates from some specimens which were expected

to contain small amounts of radioactivity were below the normal

counting rate for the background. This quenching of the back¬

ground is illustrated by the effect of chloroform on the counting

rate obtained with 5 ml. of N3 213 scintillator. The mean

background counting rate with its S.D, from six 3-kilosecond

counts performed on different day3 was 30.3 ± 1.5 counts per 100

seconds. The mean background counting rate and S.D. from three

3-kilosecond counts with 0.1 ml. chloroform added to 3.0 ml.

N3 213 scintillator was 27.2 ± 0.7 counts per 100 seconds. This

difference was significant (P ^ .001). The instrumental settings
4

U39d at this time were ga3n 1.25 x 10 , 3HT 0.8 kv., discriminator

50 v.

(v) ' Chemiluminesoence' or the production of falsely high counting,
rates in liquid scintillation counting

Falsely high counting rates were observed by Brown and

Badman (1961) from alkaline solutions of crude tissue homogenates

which were blended with the scintillator by the U3e of the quaternary

ammonium compound, Hyamine 10X; these high counting rates were

&
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greatly reduced by acidification. However, acidification was not

always successful in reducing these high counting rates; this is

shown by the counting rates obtained from a butanol extract of urine

at pH 1, An aliquot of this extract, equivalent to 1,25 ml, of

urine, was dissolved in 7 ml, of dioxan and 3 ml, of NE 213 scin¬

tillator; serial 100 second counts were performed and it was found

that these fell from about 16,400 to 11,000 in just under 9 minutes;

6 hours later the counting rate was 5,900, A rough estimate of the
14

amount of C present in the butanol extract was possible from

determinations of the radioactivity of the urine in the gas flow
14

counter. The C probably present in the extract would have

given about 180 counts per 100 seconds by the liquid scintillation

method.

High counts could be produced from non-radioactive butanol

extracts in the scintillator, or by counting incompletely mixed

HE 215 scintillator and dioxan. The results in Table 34 show

that an increase in the weight of residue dissolved in the

scintillator is associated with a higher counting rate than

that obtained by the gas flow method.
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Table 34

A comparison between the counting rates of samples from the same

source, determined by liquid scintillation and gas flow proportional

counting

Wt« of urine
residue dissolved
in scintillator

mg.

Counts per 100 seconds

Liquid scin¬
tillation

Gas
flow

Urine extract 1 M • 4807 4102

Urine extract 2 1.1 3046 2 469

Urine extract 3 0.6 28116
•

... —

28436

The figures given are the means obtained from two counts from

each of the procedures in duplicate.
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II. THIS GAS FLOW PROPORTIONAL COUNTING OF 14C 3C

It was necessary to use the method of gas flow counting to

avoid 3ome of the disadvantages of the method of liquid scintill¬

ation counting.

This method of gas flow counting depends on the measurement

of the ionization produced in a gas by radioactive particles.

In certain gases, for example argon mixed with 10$ methane, the

current passing between two electrodes In the gas Is proportional

to the number of radioactive particles in the gas, if the

potential difference between the counting electrodes is correctly

adjusted. A counter used in this way is said to be operating

in 'the proportional region* of Its behaviour.

1. Quantitative measurement of

(1) Apparatus

The 'Tracarlab* wlndowless gas flow automatic counter assembly

(Tracerlab Inc., Waltham, Mass., U.S.A.).

This assembly consisted of the SG 50-B automatic flow counter

with a P30 proportional preamplifier, and the SC-72 Versamatlc V

Scaler. The output from the scaler was used to print the time

x The equipment for gas flow proportional counting was
made available by Dr J.B.Brown.



interval taken for a pre-set number of counts on the SC-SF

Tracergraph printing interval timer. The counter was operated

in the proportional region using a p.d of 1600 volts between

the electrodes with an argon-methane mixture (80:10 v/v) (British

Oxygen Co. Ltd.) as the counting gas. The discriminator voltage

of 0.05 v. was selected to obtain minimum error in the counting

of weak sources of radioactivity (Haigh> 1954). Under the

above conditions the counting efficiency was estimated to be

60-68$ for 14C.

(ii) Mathod of measurement of using the 'Tracerlab1 assembly
for gas flow proportional counting

(a) The samples for gas flow counting were prepared in duplicate.

The material for gas flow counting in aqueous or ethanolic solution

was pipetted on to lw diameter nickel-plated steel planchets (Tracer-

lab Inc.) in a volume of 0.5 ml. or more. The solvent was slowly

evaporated from the samples by an infrared lamp whilst the planchets

were on a turntable canted at 5°, which was slowly rotated. These

measures ensure even deposition of the sample. Slow crystallization

of the sample would sometimes occur overnight; an even film could

be produced again simply by redissolving the sample and evaporating

off the solvent just before counting. The weight of the residue

in the sample wa3 determined by weighing the planchet before and
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after the residue had been deposited.

The performance of the counter was checked with samples of

known radioactivity before automatic operation was started. The

time taken to record 1000 counts was then determined at least three

times for each sample; checks on the background counting rate were

included in each series of counts,

(b) The calculation of fully corrected counting rates from the gas

flow method of determination

The counting rate due to the background was subtracted from

the observed counting rate of the sample. The difference, due to

the radioactivity of the sample, wa3 corrected for self-absorption

using the standard curve obtained with Ba^4C03 (Gallagher and

Brown, 1960). The corrected counting rate at infinite thinness

was then multiplied by a suitable aliquot and efficiency correction

factor to give the counting rate at 100$ efficiency. There was

no difference in results obtained from urine and urine extracts

by the method described above, and those from combustion of the

samples and counting a3 3a^4C0a (Brown, 1960),
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2. QUALITATIVE DETECTION OP 14C ON PAPER CHRQMATOORAMS

(i) Apparatus

The Scanogram 11 RSC 160 (Atomic Accessories Inc., Bellerose

26, N.Y., U.S.A.) automatic, windowlass, paper chromatogram scanner

was used with a proportional pre-amplifier, Baird Atomic 255 (Baird

Atomic Inc., Cambridge, Mass., U.S.A.) and a ratemeter, PCR 105A

(Atomic Accessories Inc., N.Y.), The output from the ratemeter

was passed to a rectilinear recording milliameter in the

Scanogram JLl, which provided a continuous tracing of the radio¬

activity passing between the electrodes. The drive for the

recording chart in the milliameter assembly was directly coupled

to that for the paper chromatogram, so the tracing of radioactivity

was directly comparable with the paper chromatogram. The 'Scano-

gram1 was operated in the proportional region, using argon-methane

(90:10 v/v) (British Oxygen Co. Ltd.) counting gas, with a

potential difference of 2000 volts between the electrodes in

the counting tubes.

(ii) The sensitivity of the 'Soanogram'

This apparatus was used as a detection device. The sensitivity

of this method of detection was established by finding the minimum

amount of radioactivity which was detectable on paper. If the

instrumental settings were adjusted to give a smooth base line
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Pig. 24.. The sensitivity of the 'scanogram' in the detection of
1*0.
A. The tracing produced by 0.13 mpc ^ on 1 sq. cm.

B. The tracing produced by 0.2 mpc on 1 sq. cm.
The meter sensitivity was 1500 cpm. for a full scale
deflection, with a short sampling time, a scanning
speed of 12" per hr. and 0.3 cm. slit width in the
electrode shields.



tracing, only about 1 mjuo 14C per squar3 centimeter could be
detected. The sensitivity could be increased but the base line

tracing became irregular; however, the sustained rise in the

tracing produced by an area of -*-4C was distinguishable from

the other variations in the ba,se line.

With the scanner adjusted for maximum sensitivity 0,13 rc^uc

on 1 sq. cm. was just detectable (Pig. 24A) and 0.2 rape ^4C
on 1 sq. cm. was easily distinguished from the base line (Pig.

24B). In order to achieve this sensitivity a slit which measured

0.3 cm. was usod in the shields between the counting eleotrodes

and the paper. On the ratemeter, the meter was adjusted so that

1500 counts per minute gave a full scale deflection and a short

sampling time was used. The speed of scanning was generally

12 in, per hour, which gave about 3-4 ram, lag between radio¬

activity passing the electrodes and being recorded on the

tracing, when a short sampling time was used on the ratemeter.
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111 * DISCUSSION

The method of liquid scintillation counting is an efficient,

accurate and sensitive method of measurement for steroids labelled

with -^C. Stitch (1959) has shown that no strong quenching effects

could be detected from 25 steroids in concentrations of up to 1,5

mg. in 5,0 ml. of scintillator; from this evidence he concluded

that liquid scintillation was suitable for the general assay of

14q labelled steroids.

The results obtained in the use of the method of liquid

scintillation counting were In agreement with those of Stitch

(1959) who used earlier, less efficient apparatus. The results

of Brown and Badman (1961) and those of Simpson (1961a) were

generally in agreement with those obtained in the present

investigations. Brown and Badman (1961), with the Nuclear

Enterprises equipment, obtained a counting efficiency of 90$

for 1*C, with a background of 170 counts per 100 seconds. The

lower background of 20-30 counts per 100 seconds in the present

work may be due to the settings selected, which are not given

fully by Brown and Badman (1961), The use of two groups of

Instrumental settings in the present work was due to an

unexplained alteration in the background counting rate, which,

was not altered by stripping and cleaning the counting head.



196.

'Chemlluminescence'

The falsely high counting rates from crude extracts are a

serious limitation in the use of liquid scintillation in counting

crude extracts. Brown and Badman (1961) have reported falsely

high counting rates only from alkaline extracts. The results

given above show that crude acid extracts may give falsely high

counting ratesj this has been confirmed (Simpson, 1961b). The

use of an alternative method of counting for C has overcome

this problem.

It was possible to count the radioactivity in the residue

from a3 much as 1.0 ml. of urine by the gas flow method, whereas

only 0,1-0.2 ml, of urine would dissolve in 5.0 ml, of NS 220

scintillator. Tills larger sample compensated for the lower

efficiency of about 60$ in the ga3 flow method; all aqueous

samples were counted by this method. The sample may also

be easily recovered after gas flow counting, either on paper

or from a planchet. The separation of a steroid from the

scintillator would not be easy.

The estimation of quenching

It has been shown that certain extracts reduced the counting

rate from the scintillator due to a known amount of added standard.

In the estimation of quenching it is generally assumed that the



counting rate of the added standard is reduced or quenched to

the same extent ag that from the radioactive sample (Stitch,

1959).

In order to correct for the reduction in background counting

rate it was also assumed that the counting rate of the added

standard is reduced to the same extent as the background counting

rate. This is probably justified because the extent of quenching

of the background with 0.1 ml. of chloroform is similar to the

quenching of counts from 14C observed by Stitch (1959) and by

Brown and Badman (1961). This quenching of the background

counting rate has now boon made quantitatively unimportant,

about 0.5$ or less of the sample counting rate, by the use of

samples of high activity; such a small change in counting rate

could be Ignored. Samples containing little radioactivity which

showed quenching and those showing more than 20$ quenching are

now counted by the gas flow method. By these means the results

presented in thi3 thesi3 are largely independent of the accuracy

of the estimation of quenching. However, the use of two methods

of counting with different efficiencies has made it necessary to

correct the counting rates to a common efficiency of 100$.
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IV. SUMMARY

1, The method of liquid scintillation counting provides a rapid

accurate, sensitive and efficient means of measuring steroids

labelled with ^4C.

2, There are disadvantages In the application of liquid

scintillation counting to crude extracts; these include

the falsely high counting rates often obtained from crude

extracts, and the difficulties In the estimation of

quenching,

3, The application of the more tedious method of gas flow

proportional counting to crude extracts and aqueous samples

avoids the disadvantages of liquid scintillation counting of

14C.
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Periodic Acid Oxidation of the Steroid

11/3-Hydroxyl Group

The scope of oxidations with periodic acid has been
reviewed by Bobbitt1 but in steroid chemistry the use of
this agent has been almost completely limited to the
oxidation of glycol or ketol structures. During the course
of other work in which Cortisol was being oxidized with
periodic acid it was noticed that in addition to the ex¬
pected product, ll/3-hydroxyandrost-4-ene-3,17-dione,
there was a less polar compound which behaved chromato-
graphically as androst-4-ene-3,11,17-trione. Further in¬
vestigation has shown that it is possible to achieve with
periodic acid a selective oxidation of the 11 ^-hydroxy1
group in the presence of other isolated hydroxyl groups.

The scope of the oxidation was investigated on a micro
scale by adding 1 ml aqueous periodic acid solutions (0.18,
0.135, 0.09, 0.045, 0.0225 M) to 20 gg steroid in 0.1 ml
methanol and allowing the reaction to take place over 24 h
in the dark at room temperature. The oxidation products
were extracted and examined by paper chromatography.
Table I shows the concentration of periodic acid required
for 50% conversion of the 11/5-hydroxyl group of various
steroids and also shows that, as expected, the 1 la-hydroxyl
group was much more resistant to attack. Table II shows
that hydroxyl groups at other positions in the steroid
nucleus were only slowly attacked with high concen¬
trations of periodic acid, a detectable change being
5% conversion of the starting material. Similar results
using chromic acid oxidation were obtained by Schreiber
and Esci-ienmoser2. Oestrogens, unless methylated at
position 3, were attacked, presumably in ring A3 and de-
hydroepiandrosterone was also oxidized; it has been
shown4 that periodate will attack the A5 bond of choles¬
terol with the formation of the 5a, 6/5-glycol.

The rate of oxidation of the ll/?-hydroxyl group was
increased by increasing the concentration of methanol in
the reaction mixture but decreased by ethanol. It has been

1



shown that methanol decreases the pH of periodic acid
solutions5. The rate of reaction at pH 4.5 was less than
one tenth of that at pH 1.6, the pH of 0.09 M periodic
acid.

To obtain conclusive evidence of the structure of the
oxidation product of 11/5-hydroxyandrostenedione, 8.6 mg
of this steroid in 43 ml methanol were oxidized with
430 ml 0.09 M periodic acid solution in the dark at room
temperature for 24 h. The oxidation product was separated

Tab. I

Steroid Molarity of periodic
acid for 50% conversion
to the 11 oxo-compound

1 l/?-Hydroxyandrost-4-ene-3,17-dione
1 1/5, 17/5-Dihydroxyandrost-4-en-3-one
1 l/?-Hydroxypregn-4-ene-3,20-dione
1 la-Hydroxyandrost-4-ene-3,17-dione
11/5-Hydroxyandrost-l, 4-diene-3,17-dione
la-Fluoro-11/5,17/5-dihydroxy-17a-

methylandrost-4-ene-3-one >0.18
3a, ll/5-Dihydroxy-5a-androstan-17-one 0.023
3a, ll/5-Dihydroxy-5/5-androstan-17-one 0.023

0.045

0.045

0.045
0.135
0.09

Tab. II

Steroid Molarity of periodic
acid for any change
to be detected

6/5-Hydroxyandrost-4-ene-3,17-dione
3/5,6/5-Dihydroxy-5a-cholestane
3a, 7a, 12a-Trihydroxy-5/5-cholanic acid
11/5,17/5-Dihydroxyandrost-4-en-3-one

(17/5-OH -> 17-oxo)
3a, 1 l/5-Dihydroxy-5a-androstan-17-one

(3a-OH -> 3C = 0)
3a, 1 l/5-Dihydroxy-5/5-androstan-17-one

(3a-OH -> 3C = 0)
3-Methoxy-16/5-hydroxyoestra-l,3,5(10)-triene

(16/5-OH -> 16C = 0)

0.18 M
no change at 0.18 M
no change at 0.18 M
0.09 M

0.09 M
0.09 M

0.18 M

2



from a small amount of unreacted steroid by chromato¬
graphy on Celite using the solvent system toluene, light
petroleum, methanol, water (6.6:3.3:8:2) and recrystal-
lised from ethanol-light petroleum. The crystalline
product had m.p. 220-223° (evac. tube) which was not
depressed by admixture with authentic androst-4-ene-3,
11,17-trione, and had similar ultra violet and sulphuric
acid adsorption spectra to androst-4-ene-3,11,17-trione.

It is interesting to note (Table I) that the introduction
of certain substituents into 1 l/?-hydroxyandrost-4-ene-3,
17-dione stabilised the 11/5-hydroxyl group towards
oxidation with periodic acid. The introduction into the
Cortisol molecule of these substituents increases the bio¬

logical activity6 and plasma half life of the compound7'8.

Zusammenfassung. Die 11/J-Hydroxylgruppe im Steroid-
molekiil kann selektiv mit Perjodsaure oxydiert werden.
Ihre Oxydationsgeschwindigkeit wurde von der Gegen-
wart substituierender Gruppen im Molekiil beeinflusst.

R. A. Harkness and K. Fotherby

Clinical Endocrinology Research Unit (Medical Research
Council), University of Edinburgh [Scotland), February 8,
1961.
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(8) The Metabolism of [4-14C]Progesterone in
Humans

By R. A. Habkness and K. Bothersy. [Clinical
Endocrinology Research Unit (Medical Research
Council), University of Edinburgh]

It has been shown (Contractor & Fearlman, 1960;
Chang, Slaunwhite & Sandberg, 1960) that pro-
gersterone can be metabolized to compounds more
polar than pregnanediol, although the identity and
quantitative significance of these metabolites have
not been definitely established. The present com¬
munication describes the pattern of metabolites
found in urine from an adrenalectomized, ovari-
ectomized woman who had received 20 ye of
[4-14C]progesterone intravenously.

The extract, obtained after hydrolysis of the
urine with a ^-glucuronidase preparation, was
divided into ketonie and non-ketonic fractions

(containing respectively 1-95 and 30-5% of the
injected dose) which were subjected to counter-
current distribution for 100 cycles using the solvent
system c?/cfohexane-ethyl acetate-ethanol-water
(7:3:5:5, by vol.). The distribution pattern of the
non-ketonic fraction could be divided into three
main parts. The least polar fraction, occupying
tubes 39-75 of the distribution, accounted for 90 %
of the radioactivity of the non-ketonic fraction and
contained 5/3-pregnane-3oc:20a-diol and its isomers.

The second fraction (tubes 12-39) accounted for
5 % of the radioactivity of the non-ketonic fraction
and was separated by chromatography on paper
and alumina into four major fractions together
with at least four minor fractions. These fractions
behaved chromatographically like pregnanetriols.
The most polar fraction occupied tubes 0-12 and
accounted for 3 % of the non-ketonic fraction.

Distribution of the ketonic fraction using the
above solvent system also produced three main
fractions. The least polar fraction (tubes 60-84)
accounted for 13-5 % of the radioactivity in the
ketonic fraction and contained the pregnanolones
and pregnanediones. The second fraction (tubes 30-
54) accounted for 28-3 % of the ketonic fraction and
was separated into a group of four compounds
behaving like pregnanetriones and two more polar
compounds. The third fraction (tubes 0-28) could
be separated by further counter-current distribu¬
tions into three fractions which accounted for

8-3%, 21-4% and 28-5% of the ketonic fraction.
Each of these fractions contained at least three

components. One component of the middle fraction
behaved similarly to 3a:6a-dihydroxy-5/3-pregnan-
20-one.

Chang, E., Slaunwhite, W. R. & Sandberg, A. A. (1960).
J. clin. Endocrin. 20, 1568.

Contractor, S. F. & Pearlman, W. H. (1960). Biochem. J.
76, 36.


