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INTRODUCTION

Present Hypothesis

Since the classical series of papers by W.B. Cannon and

his associates (1914-1916), many reports have been published

on the shortening of clotting time in man and in animals.

Many different procedures have been used and the studies have

been carried out under diverse conditions.

The adrenaline experiments of Cannon et al. (p.133) are

well known; various other workers have described a shortening

of clotting time with such dissimilar substances as histamine

(Bierman et al.. 1951J Zetler, 1951)# histidine (Btirger and

Schrade, 1936), the cardiac glycosides (p. 4 )# aminophylline

(p. 5 )# mercurial diuretics (p. 5 ), and various antibiotics

(I'toldavsky et al.. 1945# Macht, 1947# Macht and Farkas,

1949). Stimulation of the splanchnic nerves (p.138), anger

and pain in animals (p.140) and nervousness and strong

emotions in man (p. 8 ) have been found to produce a similar

result; Kenghini and Giunti (p. 29) have reported that, in

man, serial venepuncture alone will afford blood samples

clotting progressively more quickly.

In the face of such diversity, it seemed reasonable to

look for some common factor in all these experiments. It is

hypothesised that a stimulation of the pituitary-adrenal

system might have occurred in each case, caused either by the

drug injected (e.g. adrenaline), by the procedure (e.g.

splanchnic nerve stimulation) or by the circumstances of the

experiments/
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experiments (e.g. serial venepuncture).

Previous Work

Adrenaline in vivo and Blood Clotting

Cannon et al. (p.133) and many subsequent workers (p. 84.)

have reported the shortening of clotting time following

injection of adrenaline. Cannon et al. also reported the

shortening of clotting time in the cat following procedures

which they thought likely to produce the liberation of

endogenous adrenaline. Subsequent workers have also ascribed

to the release of adrenaline, shortenings of clotting time

associated with other procedures} exposure to anoxia can be

taken as an example.

Anoxia and Blood Clotting." Griffie et al. (1945)

measured the clotting time in dogs by the time taken for

fibrin threads to appear in blood on a cover slip. They

reported a shortening of clotting time following anoxia

produced by decompression equivalent to a height of 7000 to

8000 metres. The degree of shortening was to 50% of the

control clotting time and tne effect lasted for one hour.

A shortening of clotting time was not observed after bilateral

adrenalectomy although the intravenous injection of adrenaline

produced the same effect in these adrenalectomised animals.

The authors conclude that the shortening of clotting time was

caused by adrenaline release following anoxia. Herman and

Journan (194-2) have confirmed that during anoxia produced by

decompression/



decompression equivalent to a height of 10,000 metres, there

is a discharge of adrenaline from the adrenal gland of the

dog; the discharge ceased when the anoxic dog breathed pure

oxygen while still decompressed. Increased pituitary-

adrenal activity produced by exposure to low atmospheric

pressure has been reported by Levin (194-5)» Tepperaan et al.

(194-7)» Nichols (194-8) and Penneys et al. (1950).

Diverse Reports on Effects of Drugs on Blood Clotting

It is noticeable that in the ease of many drugs, evidence

has been published both for and against an effect on blood

clotting» for instance, controlled experiments by other

workers have failed to reproduce the effects claimed for

histidine (Bloch et al.. 1937), digitalis (p. 4.), amino-

phylline (p. 5), penicillin (Weiner et al., 194-8? Dolkart

et al.. 194-9? Ingram and Armitage, 1952? Triantaphyllopoulos

and Waisbren, 1952) and streptomycin (Els on, 194-9? Ingram and

Armitage, 1952). This suggests that the shortening of

dotting time originally reported by many of the authors

quoted (p. 1) may have been due to causes other than a direct

action of the drug administered. To illustrate this point

the reports of the effect on clotting time of drugs causing a

diuresis will be given in detail.

Diuretic Drugs and Blood Clotting.- The mode of thera¬

peutic action of cardiac glycosides, mercurial diuretics and

xanthine diuretics differs markedly yet all these drugs

usually produce a diuresis. It has been mentioned that they

have/
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have all been reported to shorten clotting time.

Digitalis in man.- The effect of digitalis treatment in

cardiac patients on the heparin tolerance in vivo (p. 35) was

studied by De Takats et al. (1944)• After two days of

digitalis treatment sensitivity to heparin decreased and did

not increase again till digitalis was stopped. In healthy

men Moses (1945) was unable to confirm the findings of De

Takats et al. Massie et al. (1944) measured the Lee and

White clotting time in patients before and during digital-

isation and after digitalis had been stoppedi the mean

clotting time during digitalisation was significantly shorter

than that before treatment; after digitalis had been stopped,

the mean clotting time was significantly longer than during

treatment. There was no change in prothrombin time. On

the other hand, Sokoloff and Ferrer (1945) did not find any

change in clotting time between, before and during digitalis

treatment in patients with cardiac failure. Sutton (1950)

had reported a study of the Lee and White clotting time and

heparin resistance test in both glass and Incite tubes in

healthy subjects and in patients with heart disease. Tests

of the prothrombin time and the heparin tolerance in vivo

were also made. The mean clotting time in a group of

healthy subjects did not differ in any of the tests from the

mean clotting time in patients receiving digitalis in thera¬

peutic dosage or in patients with signs of digitalis over¬

dosage.

In/
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In the papers of De Takats et al.« Massie et al..

Sokoloff and Ferrer, and Sutton no details are given of any

correlation between clinical state and response to treatment

and change in blood clotting. In particular, no distinction

is made between patients showing and not showing a diuresis

during treatment.

Mercurial and xanthine diuretics in man and animals." It

has been reported that mercurial diuretics shorten clotting

time (Lapp and Dibold, 1936; Wiebel, 1940> Marquardt, 1941?

Macht, 194.6a). In addition, Macht (194.6b) also noted that,

unlike mercurial diuretics, xanthine derivatives injected

intravenously in cats and rabbits did not shorten the calcium

time, prothrombin time or heparin tolerance in vivo; Rieben

(194-6) agrees. However, a transient shortening of the pro¬

thrombin time following the intravenous injection of large

doses of aminophylline in dogs has been reported by McCormick

and Young (1949).

Seherf and Sehlachman (1946) gave aminophylline intra¬

venously to 22 patients. In 21 patients there was a shorten¬

ing of calcium time and prothrombin time which was maximal one

to three hours later; a shortening of clotting time in both

tests 24 hours after oral aminophylline is also reported.

Overman and Wright (1950) reported that aminophylline in

clinical dosage by mouth did not have any effect on the pro¬

thrombin time in healthy subjects.

Diuresis and blood clotting.- Several groups of workers

have/



have suggested that experiments on the effects on blood

clotting of the cardiac glycosides and mercurial and xanthine

diuretics have given different results because the action of

these drugs on clotting time is indirect and is due to their

diuretic action (Lapp and Dibold, 1935J Marquardt, 1941;

Pere, 1947» 1950} Marvel and Shullenberger, 1951} Spang

et al.. 1952), Pere (1947, 1950) has reported a shortening

of the Lee and White clotting time after 4-6 days1 treatment

with digitalis or ouabain in patients with congestive cardiac

failure but not in healthy subjects} when a mercurial

diuretic was given as well as digitalis or ouabain the

clotting time shortened (three to five hours after the

injection of the diuretic) in both patients and in healthy

subjects. My acceleration of clotting coincided with a

diuresis. There was no diuresis in healthy subjects who

received digitalis or ouabain alone but a diuresis occurred

when a mercurial diuretic was given in addition. When the

effect of digitalis and ouabain in the patients of Pere with

heart failure is examined in detail, it is evident that the

shortening of clotting time occurred only when the drugs

increased the urine output in patients with gross oedema.

Marvel and Shullenberger (1951) also noted that during the

treatment of 15 patients with congestive heart failure a short¬

ening of Lee and White clotting time coincided with diuresis.

The response in 12 patients treated by sodium restriction,

mercurial diuretics and digitalis did not differ from that in

three/
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three patients treated similarly except for the omission of

digitalis.

Another study of the effect of cardiac glycosides on

clotting time has been reported by Spang et al. (1952). The

clotting times of recalcified citrated plasma and fresh whole

blood with added heparin were measured by the method of

Hartert (1951) using the "thrombobelastograph". The clotting

time of three groups of subjects was measured on several

occasions during a 10-day course of digitalis or strophanthus.

In the four healthy subjects who comprised the first group,

and in the second group, 20 patients with heart disease but

without gross oedema, there was no change either in body

weight or in clotting time. In the third group, 33 patients

with gross oedema, after six to eight days of treatment there

was a fall in body weightj about the same time the clotting

time shortened to the same mean value as was observed in the

patients without gross oedema. The change occurred both with

recalcified citrated plasma and fresh whole blood with added

heparin.

It is suggested that the shortenings of clotting time

originally believed by many authors to have been caused by a

direct action of cardiac glycoside, or mercurial or xanthine

diuretic were caused by their common diuretic action. These

drugs appear to shorten clotting time only in subjects when

their diuretic action is manifest, and here only at the time

of the diuresis.

Physical/
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Physical and Mental Activity and Blood Clotting

Vuori (1948), Schneider and Zangari (1951) and Macht

(1951) have all reported suggestive but inconclusive experi¬

ments to show a shortening of clotting time by increase in

physical and mental activity. However, none of the studies

was well controlled for such variables as the effect of

passage of time alone. The three groups of workers measured

the clotting time of whole blood in different vesselsj Vuori

used glass capillary tubes (Dale and Laidlaw, 1912) or

watch-glassesj Schneider and Zangari measured the Lee and

White clotting time in silicone-coated glass tubesj Macht

made Lee and White clotting times in glass tubes at room

temperature.

Plan of Present Study

In healthy human subjects, three series of experiments

were devised to test the hypothesis of a pituitary-adrenal

mechanism affecting clotting time: "laevulose tolerance",

"dextrose tolerance", "infusions in man". In the first two

series of experiments, as an indication of the effect on

clotting time of a standardised small degree of stress, the

effect of repeated venepunctures was studied. Laevulose

was regarded as an inert control substance but for convenience

this series of experiments has been designated "laevulose

tolerance" experiments. "Dextrose tolerance" experiments

were carried out because many reports have been published to

the/
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the effect that dextrose causes changes in pituitary-adrenal

activity. In the "infusions in man" clotting times were

measured during the intravenous infusion of adrenaline or of

A.C.T.H.

In experiments in animals an attempt was made to repeat

the experiments of Cannon and his associates (p.133) using

both the Cannon Mendenhall clotting test and the Lee and White

test in glass and in silicone-coated glass tubes ("animal

experiments").

The effect on blood clotting of the addition in vitro of

substances present in the in vivo experiments has also been

studied ("experiments in vitro").
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METHODS OF ASSESSING PITUITARY-ADRENAL ACTIVITY

"The greatest obstacle to the understanding of pituitary

and adrenal function is the lack of an accurate simple method

for the detection of an increased secretory rate from either

the anterior pituitary or the adrenal cortex" (Long, 1952)#

Indirect Methods

In published work the main indirect methods which have

been used for the detection of an increased secretory rate

from either the anterior pituitary or the adrenal cortex are:-

(a) The effect of an increased secretion of the adrenal

cortex as shown by a fall in blood eosinophil and lymphocyte

cell counts.

(b) The effects of A.G.T.H. on the size, weight and histology

of the adrenal cortex and on its ascorbic acid and cholesterol

content.

(1) Eosinophil Cell Counts

Since the paper of Hills et al. (194-3) it has been

recognised by many workers that the injection of A.C.T.H. is

followed by a fall in eosinophil count in the peripheral

blood. However, it has recently been reported that although

eosinopenia after the administration of A.C.T.H. is a valid

index of increased adrenocortical activity, this is not

necessarily so in other circumstances (p. 33^ •

Investigations by Rud (194?) who made 27,000 eosinophil

counts/
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counts have shown that there is wide variation between sub¬

jects in the normal range of eosinophil count - at least 30 to

250 cells/mm^; a count of 30 cells/mm^ was accepted as the

lower limit of normal by Jennings (1952). However, a patient

of de Mowbray and Bishop (1953) who was shown not to be suffer¬

ing from adrenal insufficiency had an eosinophil count of 10

cells/mm^. De Mowbray and Bishop point out that when the

initial eosinophil count is so low, the significance of a fall

in eosinophil count - say after the administration of A.C.T.H.

- may be difficult to assess, even when it is expressed as a

percentage of the initial count. Furthermore, the technical

error of the test is here high because this is proportional

to the number of cells counted (Appendix, p. 10).

The findings reported by all workers who have studied

the form of the diurnal variation in eosinophil count in sub¬

jects during their daily work are similar (Hud, 194-7) Fisher

and Fisher, 1951) Donato and Strumia, 1952; Swanson et al..

1952). They report a high early morning count, falling until

about noon, little change in the afternoon and a rise towards

evening. Opinions differ on the magnitude of the percentage

changes due to diurnal variation. In the experiments report¬

ed by Swanson et al. a fall in count in the morning of more

than 50$ occurred on eight out of 33 occasions (in four of

the 13 subjects), usually within three to four hours. In the

afternoon the fall was greater than 4-0/5 in only one patient;

the fall was complete within two hours and was offset by a

greater rise later on. Fisher and Fisher (1951) also found

that/
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that the percentage fall between 8 a.m. and 11 p.m. was

less than that between 11 a.m. and 3 p.m. and that in the

morning a fall of more than 50$ occurred on 11 out of 95

occasions. In 19 counts at 8 a.m. and noon, Donato and

Struraia (1952) report a mean fall of 35$ with range from 11

to 51$. Other workers have reported no diurnal change or

smaller diurnal changes (Hills et al.. 1948? Recant et al..

1950? Shattock and Micklem, 1952? Hunter et al.. 1955).

In view of the reports of large diurnal changes,

Swanson et al. point out that one should be cautious in

attributing a fall in the eosinophil count to the administrat¬

ion of A.C.T.II* if it is injected in the morning, while a drop

of more than 40$ during the afternoon is more likely to be

significant, especially if it lasts for more than two hours.

Forsham et al. (1948) originally stipulated that the eosino¬

phil response of a patient to A.G.T.H. should be determined

in the morning with the patient fasting. However, Roche

et al. (1950) allowed breakfast to be taken before the test

and Swanson et al. report that the midday rise and fall in

eosinophil count bears no relation to meals? Hud agrees.

(2) Lymphocyte Cell Counts

Dougherty and White (1944)» Elmadjian and Pincus (1946),

Yoffey and Barter (1946) and Colfer et al. (1950) have given

evidence that adrenocortical activity is reflected by the

level of the absolute blood lymphocyte cell count, pituitary-

adrenal stimulation being associated with a fall in count.

However, the experiments of Forsham et al. (1948) suggest that

the/



the eosinophil response to the injection of A.C.T.H. is less

variable than the lymphocyte responsej they also point out
s /•

that the fall in eosinophil count, expressed as a percentage

of the pre-injection count, is the greater. The diurnal

variation in lymphocyte count has been less thoroughly

studied than that of the eosinophils but from the data given

by ELmadjian and Pincus (194-6) it appears to be similar in

form. They point out that the diurnal variation in lympho¬

cyte count follows the diurnal changes in 17-ketosteroid

excretion in the urine reported by Pincus (194-3).

(3) Adrenal Ascorbic Acid Content

It has been reported that the administration of A.C.T.H.

rapidly depletes the adrenal content of ascorbic acid in rat

and guinea pig (Sayers et al.. 194-6) and that the degree of

depletion is proportional to the dose of A.C.T.H. (Sayers

et al.. 1948). In the absence of the pituitary, the ascorbic

acid content is said to be unaffected by stress (Sayers et al..

1945).

(4) Adrerafl Cholesterol pontept

Evidence has been presented that a relationship exists

between the amount of cholesterol present in the adrenal

cortex and the secretory activity of the gland (Sayers et al..

1944# Abelin and Bracher, 1946| Long, 1947# Gemzell, 1948;

Sayers and Sayers, 1948)» the greater the secretory activity,

the less the cholesterol stored in the gland.

Direct Methods/



Direct Methods

(1) Plasma Adrenocortico-trophic Hormone (A.C.T.H.) Activity

The direct assay of the plasma adrenocortico-trophic

hormone activity by the adrenal ascorbic acid depletion method

(Sayers et al., 194&) is too technically complicated to be

applied to the study of numerous blood samples,

(2) Plasma 17-Hydroxycorticosteroid Activity

A direct assessment of adrenocortical function can be

obtained by measuring the plasma 17-hydroxycorticosteroid

concentration. The steroids are estimated by a colour

reaction with phenylhydraaine in sulphuric acid which is said

to be specific for 0-17 dihydroxy-ketones (Porter and Silber,

1950? Nelson and Samuels, 1952} Bayliss and Steinbeck,

1953)•

There are certain shortcomings in using the plasma 17-

hydroxycorticosteroid level as an index of adrenocortical

activity. First, the method measures chiefly hydrocortisone

(Nelson and Samuels, 1952) and doe3 not measure corticosterone

which is a normal but probably not a major constituent of

adrenocortical secretion. Secondly, the concentration of

17-hydroxycorticosteroids in the plasma may not necessarily be

an index of adrenal activity. The level in the plasma is the

resultant of several factors - the quantity being secreted by

the adrenal glands, the quantity being metabolised and

utilised in the tissues, and the quantity being excreted in

the urine.

(3)/
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(3) Urinary 17-Ketosterold Excretion

The value of the standard Callox#-Zimnerrnann colorimetric

estimation (Zimmermann, 1935? Callow et ai.„ 1933) rests

upon empirically established relations rather than upon its

more doubtful value as a measure of biologically potent C]_9
adrenocortical and testicular androgen excretion. Since

there is considerable diurnal variation in excretion of 17-

ketosteroids (Pincus, 194-3)# 24-~hour collections of urine are

necessary.

Methods used in the Present Study

In the present study estimations of the eosinophil and

lymphocyte cell counts have been the only methods used for the

detection of changes in pituitary-adrenal activity.
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LAEVULOSE TOLERANCE EXPERIMENTS

The laevulose tolerance test Is based on the experience

that ingested laevulose is removed from the portal blood by

the liver, only a small amount passing unchanged into the

systemic circulation. A defect in this system is accordingly

revealed by a rise in the laevulose content of the systemic

blood to a level higher than is found in healthy subjects

similarly tested.

Previous Work

Blood Laevulose in Fasting Subjects

It is widely believed that there is no laevulose in

fasting blood; but with diphenylamine methods of estimation

a blue colour is obtained in the fasting specimen. (Herbert

(193S) found that a rise of blood dextrose of 100 mg/100 ml,

produced an apparent increase of blood laevulose of 2.5

mg/100 ml.) Herbert and Davison (1938) attribute the blue

colour in fasting blood to dextrose and expressed their

results in terms of a rise above the apparent fasting level.

Stewart et al. (1938) used a modification of the diphenylamine

method of Patterson (1935). A standard curve was constructed

for a photometer by adding known amounts of laevulose to

filtrates of blood from healthy fasting subjects. In this

way interference by the colour obtained from blood in the

fasting state was excluded and the blood laevulose figures

represent/
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represent rises above the fasting level.

Laevulose Tolerance Test in Healthy Subjects

Stewart et al. (1938) found that in healthy subjects the

maximum rise in blood laevulose above the apparent level in

fasting blood was 20 mg/100 ml. In 30 healthy subjects

their average peak was 12#8 mg/100 ml. They recognize that

their figures are higher than those of previous (and

subsequent) workers but admit that the apparent fasting level

was not always precisely determined.

Herbert and Davison (1938) state that although the full

normal range in the laevulose tolerance test must be taken to

include rises up to 15 mg/100 ml., figures in their "high

normal" range of 11-15 mg/100 ml. are only rarely met with in

the absence of liver disease.

In 26 patients, Herbert (1938) obtained a range of

maximum laevulose concentrations of 6.6 to 17.0 rag/100 ml.

(apparent fasting levels not subtracted). Rennie (1943)

considers a laevulose concentration of more than 15 mg/100 ml.

to be abnormal and reports a range of 5.5 to 14 mg/100 ml. in

30 healthy subjects tested. Herbert (1938) found that a

rise of blood dextrose of 100 mg/100 ml. produced an apparent

increase of blood laevulose of 2.5 mg/100 ml. After

ingestion of laevulose an increase of blood dextrose of that

order does not usually occur except in diabetic subjects.

Metabolism of Laevulose

The importance of the action of the liver in removing

laevulose/
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laevulose from the blood was shown by Cori and Cori (1927).

They found that laevulose was utilised far more rapidly when

injected in the portal circulation than when injected into the

systemic circulation and that the rate of utilisation when the

sugar was given by the portal route was much the same as the

normal rate of absorption from the intestine. These findings

give a working, if facile, explanation for the blood sugar

curves obtained in healthy subjects after they have been

given dextrose or laevulose, Mien dextrose is given the

rate of removal is slower than the rate of absorption and the

blood dextrose risesJ with laevulose, utilization keeps pace

with absorption and there is little rise in either blood

laevulose or blood dextrose.

Mendeloff (1951) made studies by hepatio-vein

catheterisation in healthy men receiving intravenous

infusions of 10$ laevulose. His results suggested that the

splanchnic bed constantly removed 4-0-4-5$ of the total laevu¬

lose reaching it in unit time. Moreover, the back diffusion

of laevulose, which is constantly noted in the peripheral

circulation, was not observed by Mendeloff in the splanchnic

bed.

Bollman and Mann (1931) concluded from experiments in

eviscerated animals that conversion of laevulose to dextrose

occurred in the liver and to a small extent in the stomach

and intestines; the other tissues e.g. heart muscle (Gaddie

and Stewart, 1934.) and brain tissue (Ashford, 1933) have been

reported/
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reported to be unable to utilise laevulose directly,

Herbert and Davison (1938) consider that with oral

administration of laevulose, the function of the liver is

probably the only important factor determining the form of
■ r ' '

v

blood laevulose curve obtained.

Numerous investigators have studied the metabolism of

laevulose in liver slices or homogenates and in the liver of

man and intact animals. Their results indicate that laevulose

may be 5-
■

(1) Phosphorylated under the influence of a hexokinase

different from that of dextrose (Slein et al«, 1950} Cori

■et al,. 1951)}

(2) Converted to glycogen (Cori, 1926)}

(3) Transformed to dextrose (Cori and Shine, 1936} Cori

et al,. 1951)}

(4.) Mstabolised to lactic acid (Sterkin et al.. 1939}

Sterkin and Vengerova, 194-0} Craig et al., 1951)}

(5) Converted to fatty acids (Ghemick and Ghaikoff, 1951)}

(6) Oxidised completely to carbon dioxide (Cheroick and

Chaikoff, 1951).

Effect of Insulin on Laevulose Metabolism

Wierauchowski (1926), Gorley (1929) and Davidson et al.

(1936) found that insulin did not have any effect on the rate

of removal of laevulose from the blood, Davidson et al. (1936)

injected laevulose and insulin simultaneously into rabbits and

found that the rate of removal of laevulose from the blood was

no/
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no greater than when laevulose alone was injected.

The results of blood laevulose curves in diabetic

subjects are in agreement with this view. It has been

reported by Scott (1935), Herbert and Davison (1938) and

Stewart et al. (1938) that the administration of laevulose to

diabetic subjects causes no abnormal rise in the blood

laevulose although it does lead to a great and prolonged rise

in blood dextrose. In nine diabetics given 50 g laevulose

(Stewart et al.. 1938) the mean blood dextrose concentrations

were as follows:

Hours after
laevulose

0 £ 1 2

mg/100 ml. 189 228 243 228 234

Apparently laevulose can be transformed to dextrose or

glycogen in diabetics as in healthy subjects; but in

diabetics dextrose formed from laevulose accumulates in the

blood in the same way as does dextrose given as such.

Miller (1951) compared the metabolic effects of intra¬

venous laevulose and dextrose in healthy and in diabetic

subjects. In diabetics, in the absence of insulin, laevulose

produced the same rise in pyruvate and increase in plasma

citrate as seen in healthy subjects; the blood disappearance

curve of laevulose and the amount of laevulose excreted in the

urine in diabetics were also the same as in healthy subjects.

Miller concludes that the metabolism of laevulose differs

from/



- 21 -

from that of dextrose in both healthy people and in diabetics,

and that diabetics, even when not taking insulin, metabolise

laevulose in the same way as healthy people. His observations

are consistent with the theory that the phosphorylation of

dextrose to dextrose-6-phosphate is impaired in diabetes but

that the phosphorylation of laevulose, which is unaffected by

insulin, proceeds normally.

Blood Dextrose during Laevulose Tolerance Test

Published data show that the blood dextrose may rise or

fall in healthy subjects during the laevulose tolerance test

(Herbert, 1938; Herbert and Davison, 1933j Stewart et al.,

1938).

Davidson et al. (1936) as a result of their experiments

in rabbits hold that laevulose metabolism takes place in two

stages. They suggest that although the first stage of

laevulose metabolism is independent of insulin, laevulose

nevertheless stimulates the pancreas to secrete insulin and

that it is this insulin which is responsible for any fall in

dextrose which may occur. Craig et al. (1951) investigated

three diabetics deprived of insulin and three non-diabetics by

hepatic vein catheterisation during intravenous infusion of

laevulose. In all six cases the liver released dextrose

during the control period and there was a large hepatic uptake

of laevulose during its intravenous administration. Although

during laevulose administration there was an increase in the

hepatic dextrose output in three subjects (one non-diabetic,

two/
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two diabetic) and a decrease in the other three subjects,

there was an increase in the arterial level of dextrose in all

six subjects. Thus in only three subjects could increased

hepatic dextrose production have been responsible for an

elevation in the peripheral blood level of dextrosej other

mechanisms, such as transformation of laevulose to dextrose,

must be invoked to account for the dextrose rise in the other

subj ects.

Laevulose Tolerance Test in Older Subjects

Stewart et al. (1938) report that in the laevulose

tolerance test, in 20 healthy subjects under 4-0 years of age

the blood dextrose fell whereas in 10 healthy subjects over

50 years of age the blood dextrose rose. In the latter group

the laevulose curve was normal; in four out of five subjects

where old age was complicated by marked arteriosclerosis the

laevulose tolerance was impaired. The clinical diagnosis

of all but gross arteriosclerosis is so difficult that an

abnormal laevulose tolerance test in a patient over 4.0 years

of age is not necessarily due to liver disease.

Present Work

Subjects

The opportunity was taken to examine serial blood samples

from eight fasting male volunteers forming a control series for

establishing the normal response under hospital conditions to

a laevulose tolerance test. The subjects were either pre¬

operative/
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operative in-patients who had been admitted for elective

surgery, or late post-operative in-patients. All had been

diagnosed as suffering from conditions presumed to have no

effect on laevulose tolerance or on blood clotting. Bone of

the subjects was habituated to venepuncture* In view of the

report of Stewart et al„ (1938) that the laevulose tolerance

test may be abnormal in the presence of arteriosclerosis, no

patients more than 4-0 years old were tested. All subjects

tested were regarded, in retrospect, as having normal

laevulose tolerances by the consultant biochemist, Royal

Infirmary, Edinburgh.

Methods

These were similar to those of the 2^- hours standard

one-dose dextrose tolerance test except that instead of

dextrose, laevulose was given. The laevulose was stated by

the manufacturers to be 99.5/ pure and the («0 was given as

-92.56°. Clotting times were estimated on the venous blood

samples obtained at the same times as blood for laevulose

estimations; the blood dextrose was also estimated.

The subjects, who had fasted for 12 hours previously,

were given 50 g laevulose in 200 ml. cold distilled water

immediately after the first withdrawal of blood. Four

further withdrawals were made at half-hour intervals. The

needles and syringes were coated with silicone and were dry;

fresh equipment was used for each puncture.

All/
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All withdrawals were by tx-jo-syringe technique . The

2 ml* of blood in the first syringe was used for the dextrose

and laevulose estimations and for direct eosinophil and plate¬

let counts* From the second syringe, 10 ml, of blood was

transferred immediately to a silicone-coated glass vessel in

ice and water. Within five minutes after withdrawal, this

blood was used for Lee and Vfliit© clotting time tests. A

further 9 ml, from the second syringe was mixed with 1 ml, of

sodium citrate solution. The citrated blood samples

were centrifuge! immediately and the supernatant platelet-

poor plasma pipetted off and stored at 4°C, till two hours after

the last withdrawal of blood, prothrombin time tests were made.

Mean results, usually from the following numbers of

replicate tubes, were obtained in the clotting tests on each

blood sample

Lee & White clotting time in 9 and 12 mm diameter

silicone-coated glass tubes, four each; in 9 and 12 nan glass

tubes, two each; Quick's prethroabin time, five. Clotting

times were all measured at 37°C« In all these tests, randocs-

ised Latin square arrangements were used to eliminate

systematic errors on order of testing.

Reaujts

The first experiment was carried out with the observer as

subject (Subject G.F., Table LXXX). The results of this te3t

have been kept separate from the data from other subjects

because/



- 25 -

because the observer is habituated to venepuncture.

Observations were made in eight other healthy fasting

subjects (Tables LXXXJ-LXXXVIII). Clotting tests were made

at all fire withdrawals but in four subjects the Lea and

White clotting time at one of the withdrawals wa3 found to

have b8en derived from technically unsatisfactory replicate

readings (Subject W.L., Table LXXXII, puncture 5» Subject

J.W., Table LXXXV, puncture 4; Subject B.B., Table LXXXVI,

puncture 2; Subject S.G., Table LIXXVII, puncture 4)5 these

values were replaced by estimates obtained from the remainder

of the data by the iterative method given by Snedecor (19-46;

p. 320). These estimates, together with the remainder of

the data, transformed into percentages of clotting time at

first puncture, have been used in calculating the linear

regression by method of least squares and are plotted in

Fig. 1.

The eosinophil counts from two subjects (Subjects

A.McN., Table LXXXIII and W.A., Table LXXXIV) have been

excluded from all calculations except where the mean

eosinophil count at the first puncture is compared with the

corresponding mean count in the dextrose tolerance tests. In

these two subjects the first counts had been based on a count

of less than 20 cells in the 6,4 mm?of a double Fuchs-

Rosenthal counting chamber (using 1:20 dilution so that

number of cells counted is multiplied by 3.12 to express as

3
cells/mm ) (see Appendix, p.10): this suggested both that

a further ©osinopenic response to any pituitary-aclrenal

estimation would not be elicited in these persons, and that

relatively/
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Laevulose Tolerance

Figure 1

Mean Lee & White clotting times in silicone-coated glass
tubes, mean eosinophil counts, and mean blood dextrose con¬
centrations (all expressed as percentage changes from values
at the first venepuncture in the same subject).

Mean blood laevulose concentrations as mg/100 ml.

SERIAL VENE-PUNCTURE : LAEVULOSE TOLERANCE TEST
8 SUBJECTS FASTING

SILICONE on
CLOTTING

_

TIME

% CHANGE "l0"
-I5-

-20-

EOSINOPHILS °"
°/0 CHANGE -5-

-I0-

-I5-

-20-

-25-

-30-

°/0 CHANGE +20-!

to m9°/o So
5-ig+IO-

I— _

^2+ 5-
o-Q 0-

H0URS 0
L

Notes:
Mean Lee & White clotting times from data (including
estimates of missing readings) given in Table V.
Mean eosinophil counts from Table III.
Mean blood dextrose concentrations from Table II.

Mean blood laevulose concentrations from Table I.



relatively large counting errors might be introduced.

The mean results obtained at the five punctures in the

Lee and White clotting time test in silicone-coated glass

tubes and in the eosinophil counts are compared in Fig. 1 with

the corresponding mean blood dextrose and laevulose

concentrations.

The laevulose tolerance curve was within normal limits

in all subjects (Table I).

Subject B.B, (Table LXXXVI) showed an unusually high

blood dextrose curve (Table II) the concentrations recorded at

the five punctures were 117, 256, 226, 117 and 96 mg/100 ml.

respectively (his laevulose curve did not rise above 7.0

mg/100 ml.)j in no other patient did the recorded blood

dextrose concentrations rise above 125 ng/10G ml. On

subsequent occasions this patient's fasting blood dextrose

concentration and his dextrose tolerance curve were found to

be within normal limits. (Fasting blood dextrose 85 mg/100

ml; the concentrations recorded at the five punctures in the

dextrose tolerance test were 99, 133, 83, 80 and 85 mg/100 ml.

respectively.) The high dextrose curve recorded in the

laevulose tolerance test was thought by the consultant

biochemist, Royal Infirmary, Edinburgh, to have been due to

unusually rapid absorption; in any event the exclusion of his

data did not affect the conclusions drawn from the experiment.

The mean dextrose concentration and the standard error of the

mean at the first puncture were 80.4- - 6.2 mg/100 ml.
j

including/
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including Subject B.B* and 75.1 £ 3.4 mg/lQO ml. excluding

Subject B.B. The mean dextrose curve in the laevulose

tolerance tests is given with and without his findings in

Table II. In the blood dextrose curve in Fig# 1 a fairer

picture of the group experience was thought to be given by-

taking the mean values without Subject B.B.

The mean eosinophil count at the first puncture (with

standard error of the mean) was 158 £ 56/mm^ (mean number of

cells actually counted was 50.8 £ 18.1) (Table XIII). The

eosinophil count fell progressively during the experiment

(Table III). The average rate of fall (with standard error

of the mean), as given by the slope of the least squares

regression line calculated from the percentage transformation

of the counts was 14.8 ±3* of the eosinophil count at the

first puncture per hour observed and was clearly significant

(t = 3.92, on 28 d.f, (degreesof freedom)) £ < 0.01) (Table

VIII).

The deviations from linear regression were negligible

(Table II).

The Lee and White clotting time in silicone-coated glass

tubes also showed a significant shortening with time. The

average rate of fall (with standard error of the mean), as

given by the slope of the least squares regression line

calculated from the percentage transformation of the clotting

times (Table V), was 8.8 £ 2*0% of the clotting time at the

first puncture per hour observed and was clearly significant

(t • 4.49, on 34 d.f.; £ < 0.01) (Table VIII). The

deviations/
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deviations from linear regression were here significant

(Table X).

The slopes of the silicone clotting time and eosinophil

regressions did not differ significantly (t = 1.49, on 65

d.f.j 0.05 < P) (Table VIII).

Neither the correlation between mean silicone clotting

times and mean eosinophil counts nor between the individual

pairs of readings was significant (2 (correlation coefficient)

between the five pairs of mean percentage transformed values

♦ 0.27, 0.05 < Pj r between individual pairs + 0.04, on 20

pairs; 0.05 < £).
The mean results from all patients showed no significant

progressive changes in Lee and White clotting time in glass

tubes (Table VI), Quick's prothrombin time (Table VII) or

platelet count (Table IV).

Discussion

Reports have previously been made that the clotting time

shortens during repeated venepunctures and also that repeated

venepunctures cause an increase in adrenocortical activity.

Effect of Serial Venepuncture on Clotting Time

Menghini ana Giunti (I948a5b) submitted 35 fasting

subjects to a series of seven venepunctures at half-hour

intervals. No vein was used more than once. At the first

venepunctures, the Lee and White clotting times (means of

three replicate readings in glass tubes at room temperature)

lay/
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lay between 10 and 15 minutes; the clotting times at the

next three venepunctures showed a progressive fall, and at

the final three venepunctures the readings were all of about

three minutes. The same changes were o bserved in the

calcium time but there was no change in the prothrombin time,

When a blocked needle was introduced into a vein for a

few seconds, the clotting time 90 minutes later was shorter

than readings on other days. The degree of shortening was,

however, less than the maximal degree observed after repeated

venepunctures. The insertion of a needle into the sub¬

cutaneous tissue near the elbow veins or its insertion into

the muscles of the buttocks was not followed by a short

clotting time.

These authors suggest that the shortening of clotting

time which they report is due to the repeated liberation of

thromboplastin from the punctured vein wall3 into the

circulation; but if so it is difficult to see why the

progressive effect was halted at a clotting time of three

minutes*

On the other hand, this degree of shortening is much the

same as that ascribed to many of the other procedures

mentioned previously (p. 1).

[Effect of Serial Venepuncture on Pituitary-adrenal Activity

Bayliss/
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Bayliss (1955) reports that serial venepunctures,

although not more painful than usual, cause an increase in

plasma 17-hydroxycortlcosteroid concentration. He believes

this aetivation of the adrenal cortex is due to an emotional

response similar to that observed by him in certain subjects

during anxiety, frustration and fear (p.339).

Vogt (1951a) has shown that a single subcutaneous

injection of saline produced adrenal ascorbic acid depletion

(p. 13) in normal rats. She regards this finding as

indicating that emotional stimuli such as an injection of

saline cause an increase in adrenocortical activity.
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Laevulose Tolerance

/malysis of results of tests

Wo I

Blood Laevulose.

(rag/100 ml.)

Venepuncture

Time (after
venepuncture 1)

2

30 rain

3

60

4

90

5

120

Subject J.S. 6.0 2.7 2.9 1.0

W.L. 6.8 4.1 2.6 0.7

A.McH. 5.5 5.5 1.5 0.0

W.A, 7.0 7.0 5.0 4.5

J.W. 5.3 5.3 1.0 0.0

B.B. 4.5 7.0 6.5 0.0

S.G. 1.3 4.5 1.8 0,0

F.McP. 6.0 5.3 4.8 0.0

Mean blood laevulose
(rag/lOOml.) 5.3 5.2 3.4 0.8



Laevulose Tolerance.

Analysis of results of tests (cont'd)

Table II

Blood Dextrose.

(each entry is the blood dextrose expressed as percentage
change from the blood dextrose at the first venepuncture
in the same subject)

Venepuncture 2 3 4 5

Time (after
venepuncture 1)

30 min 60 90 120

Subject J.S.
W.L.

A.McN.
W.A.
J.W.
B.B.
S.G.

F.McP,

+ 4.6 %
+ 16
+ 4.
«• 7
+ 21
+ 119
♦ 23
<• 21

+ 21
- A
♦ 4-
♦ 13
+ 25
+ 93
♦ 13
+ 29

+ a
- A
+ 3
+ 13
- A

0
* 6
+ 7

0
- 12

0
0

- 6
- IS
+ 13

*

- o

Excluding B.B.

Mean percentage
change
* S.E. of change

+ 19.7 %
x 5.2 %

♦ 14.4 %
l 4-.4. %

+ 4.1 %
± 2.4. %

- 1.6 %
± 3.0 %

Test of
significance of
mean percentage
change

t = 3.80
on 6 d.f.

XX

t * 3.26
on 6 d.f.

X

t » 1.72
on 6 d.f.

t < 1
on 6 d.f.

Including B.B.

Mean percentage
change
X S.E. of change

+ 32.1 %
X 13.2 %

+ 24.3 %
x 10.5 %

♦ 3.6 %
t 2.1 %

- 3.6 %
x 10.4. %

Test of
significance of
mean percentage
change

t = 2.43
on 7 d.f.

X

t = 2.30
on 7 d.f.

t = 1.70
on 7 d.f.

t < 1
on 7 d.f.

Significance of mean percentage changes;' sh P<0.01;
x 0.01 <P< 0.05; other mean % changes 0.05 <P

^ These data are plotted in Fig. 1.



Laevalose Tolerance.

Analysis of results of tests (cont'd)

Table III

Eosinophil counts.

(each entry is an eosinophil count expressed as
percentage change from the eosinophil count at the first

venepuncture in the same subject)

Venepuncture 2 3 4 5

Time (after
venepuncture l)

30 min 60 90 120

Subject J.S. - 43 % - 50 - 53 - 53

W.L, - 3 - 7 - 19 - 16

J.W. - 12 - 21 - 28 - 37

B.B. - 11 - 27 - 23 - 37

S.G. ♦ 11 - 11 - 7 <r\H1

F.McP. ♦ 3 0 - 11 - 22

Mean percentage
change
4 S.E. of change

- 9.2 %

4 7.6 %

- 19.2 %

* 7.4 %

- 23.5 %

± 6,7 %

- 29.6 %

± 6.3 %

Test of
significance of
mean percentage
change

t = 1.20
on 5 d.f.

t a 2.61
on 5 d.f.

«

t = 3.52
on 5 d.f.

sac

t = 4.74
on 5 d.f.

SQf

Significance of mean percentage changes

** P < 0.01
* 0.01 <P< 0.05
Other mean % changes 0*05 < P

Note:
Linear regression (by method of least squares) of

eosinophil counts on time estimated from data tabulated
(with standard error) = - 14.74 i 3.76£ (& = 3.92 on 28 d.f.

P<0.01)
See tables VIII and IX
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Analysis of results of tests
(cont'd)

We VI

Platelet counts,

(each entry is a platelet count 9:cpre3sad as percentage
change from the platelet count at the first venepuncture
in the same subject)

Venepuncture 2 3 U 5

Time (after
venepuncture 1)

30 min 60 90 120

Subject J.S. + 1 % + 2 + 1 0

W.L. - 1 ♦ 1 0 0

A.McN, "• 2 - 1 0 - 2

W.A. » 2. 0 - 3 - 2

J.W. - 1 - 2 - 2 - 1

B.B. n.d. - 1 0 - 2

S.G. + 2 0 + 12 + 2

F.MCP. - 2 0 - 1 0

Mean percentage
change
£ S.E, of change

- 0.6 %
* 0.6 %

- 0.1 %
•fc 0»4> %

+ 0,9 %
* 1,7

- 0.6 %
* 0.5 %

Test of
significance of
mean percentage
change

t = 1.05
on 6 d.f.

t < 1
on 7 d.f.

t < 1
on 7 d.f-

t = 1.20
on 7 d.f.

Significance of mean percentage changes: «c P< 0,01;
* 0.01 <P < 0,05; other mean $ changes 0.05< P

n.d, = not done
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Analysis of results of teats (cont'd)

Table V

Lee & White clotting times In silicone-coated glass tubes.

(each entry is derived from the mean clotting time of 8
replicate readings expressed as percentage change from
the mean clotting time at the first venepuncture in the
same subject)

Venepuncture 2 3 <4 5

Time (after
venepuncture 1)

30 min 6o 90 120

Subject J.S. *5% + 6 + 3 <• 9

W.L. - 3 - s - 6 n.d.

A.McN* - 1 • 1 *• 9 - 17

W.A. - 15 - 12 - 20 - 19

J.W. - 20 - 26 n.d* - 30

B.B. n.d* - 11 •» 16 ■«» 22

S.G. — 16 - 23 n.d. - 17

F.McP. - 14 «» 28 - 25 - 25

Mean percentage
change
± S.E. of change

- 9.1 %
± 3.5 5

- 12.9 %
± 4.3 %

- 12.2 %
± 4.2 %

- 19.9 %
± 2.5 %

Test of
significance of
mean percentage
change

t = 2.60
on 6 d«f.

X

t = 3.01
on 7 d.f.

X

t = 2.93
on 6 d.f.

X

t = 7.87
on 6 d.f.

MX

Significance of mean percentage changes; »s P<r0.01j
x 0.01< P <0.05J other mean % changes 0.05 < P

Note;/
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Table V cont'd

Mote:

Linear regression ( on method of least squares ) of

silicone clotting time on time (Table V) estimated from data

tabulated above including estimates of missing readings by-

iterative method given by Snedecor (Subject W.L., puncture 5f

*»16$J Subject J.W., puncture A, -23% > Subject B.B., puncture

2, -9/6 J Subject S.G., puncture 4» When these

estimates of missing readings are included, the mean percent¬

age changes (with standard errors) become: puncture 2, -9.1

- 3-1%} puncture 4., -14..2 X 4,.0%} puncture 5» -19.4- X 2.4$.

These mean percentage changes are plotted in Figure 1.
(See piZO for "Iterative Method given by Snedecor")
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Analysis of results of tests

?ablo YJ

Lee & White clotting times in glass tubes.

(each entry is derived from the mean clotting time of 4
replicate readings expressed as percentage change from
the mean clotting time at the first venepuncture in the
same subject)

Venepuncture 2 3 4 5

Time (after
venepuncture 1)

30 rain 60 90 120

Subject J.S. -13% - 5 m J + 2

W.L, ~ 19 » g ♦ 12 n.d.

A.McN. - 2 - 2 ~ 9 0

W.A. m $ - 12 ■* 4 - 14

J.W. *15 + 21 n.d. + 12

B.B. n.d. - 2 - 3 - 11

S.G. ♦ 1 + 12 n.d. ♦ 2

F.McP. 0 + 9 ♦ 8 + 13

Mean percentage
change
t S.E. of change

- 3.7 %

± 4.2 %

+ 1.6 %

4 4.0 %

- 0.2 %

4 3.4 %

♦ 0.6 %

i 4.2 %

Test of
significance of
mean percentage
change

t < 1
on 6 d.f.

%<l
on 7 d.f.

t < 1
on 5 d.f.

i <i
on 7 d.f.

Significance of mean percentage changes; mi P <0.01;
x 0.01 <P <0.05; other mean % changes 0.05 <P
Notes

Estimates of missing readings by iterative method given
by Snedecor (see p. 320) have not been made because? unlike
in the silicone-coated tube data (Table V) there is no
suggestive trend in the readings obtained.
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Analysis of results of tests
(cont'd)

Table VII

Quick's prothrombin time.

(each entry is derived from the mean clotting time of 5
replicate readings expressed as percentage change from
the mean clotting time at the first venepuncture in the
same subject)

Venepuncture 2 3 4 5

Time (after
venepuncture l)

30 min 60 90 120

Subject J.S. - 5 % «* 2 ** 4 0

W.L. - 4 + 2 - 3 - 6

A.McN. * 2 ♦ 5 - 1 - 3

W.A. ♦ 5 ♦ 24. + 14 - 6

J.W. • 2 *« 1 — 2 - 3

B.B. ♦ 2 0 + 2 + 4

S.G. • 4 + 1 - 1 0

F.McP. - 1 ♦ 8 - 1 + 4

Mean percentage
change
£ S.E, of change

- 0.9 %
t 1.26 %

+ 4.6 %
* 3.2 %

+ 0.5 %
± 2.0 %

• 1.3 %
* 1.4 %

Test of
significance of
mean percentage
change

t < 1
on 7 d.f.

t = 1.43
on 7 d.f.

t < 1
on 7 d.f.

t < 1
on 7 d.f,

Significance of mean percentage changes

MX

X

Other mean % changes

P < 0.01
0.01 <P <0.05
0.05 <P
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Table VIII.

Linear Regressions on Time ( by method of least squares )

for percentage Data from Laevulose Tolerance tests

(expressed as change per hour observed from 0$ reading
at the first venepuncture, with standard error)

free & White clotting tfoe in si^cone-coatqd &Lasp tube?

(data from table V including 4 missing readings
estimated by iterative method given by Snedecor, 1946)
- 8.8 i 1.96 % (t « 4.49, on 34 d.f., P <0.01)

Eosfoorjh^ count

(data from table III)

- 14.8 * 3*76 % (£ = 3.92, on 28 d.f., PC0.01)

bqtwp^n yegrepsions op Lpe & White plotting time
in ^liffopq-qpatqd f&agp tpbes and, EoainoptyjT, coupt

6.0 t 4.02 (£ = 1.49, on 65 d.f., 0.05 <P)

Note:
See tables IX and X for analyses of variance to test

significance of deviations of regressions from linearity
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&&fflEBi28& yo^eranqe.

Table IX

Significance of deviations from linearity of

regression on time for percentage data from eosinophil counts

(data from table III)

Analysis of Variance

CONTRIBUTION , » SUM OF MEAN VARIANCE
TO VARIANCE ** SQUARES SQUARE RATIO

Betrwegn Sub.-jeptpt 5 4424 385

Bqtx^pn Venepupqt^rpat 4 3333
due to linear regression 1 3256 3256 47.9 sex
about linear regression 3 82 27 <1

Residual 21 1437 68

TOTAL 30 9199

31ffllflcaaffe of VARIANCE RATIOg

sac P < 0.01
sc 0.01 <P< 0.05
other ratios 0.05 < P

CONCISION:
Deviations of regression on time from linearity

for data from eosinophil counts are not significant (0.05 <P)
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Table X

Significance of deviations from linearity of

regression on time for percentage data from Lee & White

clotting time test in silicone-coated tubes.

(data from table V including 4 missing readings
estimated by iterative method given by Snedecor, 194-6)

Analysis of Variances

CONTRIBUTION SUM OF MEAN VARIANCE
TO VARIANCE *r* SQUARES SQUARES RATIO

Between Subjectst 7 1636 234-

qpfowgn Venepuncturest A 1609
due to linear regression 1 1152 1152 41.4 sot
about linear regression 3 457 152 5.5 «t

24 668 278

TOTAL 35 3913

SkasWmm jb& variance ratios

9BE P<0.01
« 0.01 <P< 0.05
other ratios 0.05<P

CONCLUSION;
There are highly significant deviations

(P<0,01) of regression on time from linearity for data
from Lee & White clotting time test in silicone-coated tubes.
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DEXTROSE TOLERANCE EXPERIMENTS

Previous Work

Dextrose Tolerance Test in Healthy Subjects

It is recognised that t he degree of hyperglycemia

attained in a dextrose tolerance test is of no consequence in

the diagnosis of diabetes (MacLean and de Wesselow, 1920;

Spence, 1920; Mosenthal, 194.7; Friend, 1951)» Reduced

dextrose tolerance is shown by protracted hyperglycemia. It

is generally considered that two hours after 50 g dextrose has

been taken by mouth the dextarose concentration in venous blood

should normally fall to below 120 mg/lQO ml. and that blood

dextrose levels above this indicate a reduction of dextrose

tolerance (Hale-White and Payne, 1926; Langner and Dewees,

1942; Friend, 1951)* Mayer and Womack (1950) allow 125 Eg/

100 ml, as the upper limit of normal. Friend (1951) goes so

far as to suggest that the blood dextrose level at two hours

is the only useful information which can be gleaned from the

dextrose tolerance test.

Mechapiflm of Blood Dextrose Fixation

The mechanism of blood dextrose regulation is not well

understood. Current opinion on the subject is summed up by

Long (1952) who believes that the secretion of insulin is

increased by a rising blood dextrose level while the

maintenance of a minimal level is the result of a complex

interplay between the secretions of the anterior pituitary,

adrenal/
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adrenal cortex and, in some instances, that of the adrenal

medulla.

Until a few years ago, it was customary to regard the

normal dextrose tolerance test as resulting from a stimulation

of the pancreas by the administered dextrose. The consequent

secretion of insulin was supposed to dispose of the incoming

3ugar by increasing the rates of storage and "oxidation" of

carbohydrates. This simple explanation is challenged by

Soskin and Levine (194-6) who, in addition to the factors

given by Long, postulate an intrinsic hepatic mechanism,

analogous to a thermostat, controlling the amount of sugar

supplied to the blood by the liver. Further evidence for

the existence of such a mechanism has been given by Searle

and Chaikoff (1952) who report an inhibitory action of hyper-

glycaemia on the supply of dextrose to the blood by the liver

of the normal dog. On the Other hand, Pletscher et al.

(1950), by repeating and extending the experiments of Soskin

(1941) on normal and on completely pancreatectomised dogs,

have obtained data which suggest that the blood sugar fall in

the liver after intravenous dextrose can be explained as a

simple diffusion process. Beam et al. (1952), who have

studied the fall in blood dextrose after the injection of

insulin by hepatic vein catheterisation in man,conclude that

the liver is largely, but not wholly, responsible. In normal

persons there was a correlation between the diminished hepatic

output and increased peripheral utilisation of dextrose.

Present Work/



- 45

Present Work

Sqbjyrtg

Observations were made on 19 fasting young adult male

out-patients during the eourse of dextrose tolerance tests

requested because glycosuria had been found at preliminary

medical examination for H.M, Forces. All the subjects had

been regarded as otherwise fit for National Service. In the

majority of the patients the glycosuria was confirmed and in

most instances it was thought to be due to a low renal

threshold for dextrose. Any subject in idiom, in retrospect,

the blood dextrose curve was abnormal was not to be included in

the series analysed for blood clotting response. The

consultant biochemist, Royal Infirmary, kindly agreed to act

as independent arbiter. Two patients (Subject G.W., Table

XCj Subject J.T., Table CX) were thought to be mild

diabetics.

No patient was habituated to venepuncture but three were

tested twice; each set of records was kept separate and 22

records were therefore available.

Methods

The standard technique of the 2§- hours' one-dose dextrose

tolerance test was used with the addition that clotting times

were estimated on venous blood samples obtained at the same

withdrawals a3 blood for dextrose estimation.

The/
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The subjects who had fasted for 12 hours previously were

given 50 g dextrose in 200 ml. water immediately after the

first withdrawal of blood. Four further withdrawals were

made at half-hour intervals. The needles and syringes were

ooated with silicone and were dry; fresh equipment was used

for each puncture.

All withdrawals were by two-syringe technique. The

2 ml. of blood in the first syringe was used for dextrose

estimation; in all except the first five experiments in

the series, direct eosinophil and platelet counts were also

made. Clotting tests were not always made on the blood

obtained at each withdrawal but in each patient the first and

two or more subsequent samples were submitted to the following

tests;

From the second syringe, 15 ml. of blood was immediately

transferred to a silicone-eoated glass vessel in ice and

water. Within five minutes after withdrawal, this blood was

used for the Lee and White clotting time tests and, in the

first seven experiments in the series, for the heparin

resistance (Waugh-Iiuddick) tests. In the last five experi-

ments, the Gannon-Mendenhall clotting time was measured. A

further 9 ml. from the second syringe was mixed with 1 ml. of

3.8$ sodium citrate solution. The citrated blood samples

were centrifuged immediately and the supernatant platelet-

poor plasma was pipetted off and stored at 4°G till two hours

after the last withdrawal of blood. The Quick's prothrombin

time test, and in eight experiments, the thrombin clotting

time/
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time test, were then made.

Ifean results, usually from the following numbers of

replicate tubes, were obtained in the clotting tests on each

blood samples-

Lee and White clotting time in 9 mm diameter silicone-

coated glass tubes, fourj in 12 mm silicone-coated glass

tubes, four or iwoj in 9 mm glass tubes, four or two; in

12 mm glass tubes, two or nil; heparin resistance test in

presence of each of four heparin concentrations, two;

Quick*s prothrombin time with concentrated and/or dilute

brain thromboplastin, six or five; thrombin clotting time,

six.

Clotting times, other than Cannon-Mendenhall clotting

time, were measured at 37°C. In all these tests, randomised

Latin square arrangements ■were used to eliminate systematic

errors on order of testing.

Results

In 17 experiments made in 14- of the subjects, samples

technically satisfactory for the Lee and White clotting test

were obtained at the first and two or more subsequent

punctures. In the remaining five experiments (fables XCI,

XCII, XCVI, Oil, CV) this minimum number of withdrawals was

not made because clotting times were found to have been

derived from technically unsatisfactory replicate readings.

These five experiments have been excluded from the analysis

of the Lee and White clotting times both in glass (Table XV)

and/
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and in silicone-coated glass tubes (Table XI?) but four of

them have been included in the analysis of the QuickC

prothrombin time test using concentrated brain thromboplastin

(Table X?II).

Dextrose estimations were made on all five samples from

all 22 experiments. In Table XI each blood dextrose

estimation is expressed as percentage change from the blood

dextrose at the first puncture in the same experiment. When

transformed in this way, there was no significant difference

in mean blood dextrose at any of the five withdrawals between

the 17 experiments for which readings are available of Lee

and White dotting time at the first and two or more

subsequent samples and the five experiments for which they are

not available. The results from the two subjects thought to

be mild diabetics (Subjects G.W, and J.T.) are included in

the data used because exclusion of the dextrose data obtained

from them did not materially affect the results from all

subjects. The dextrose data and percentage-transformed data

from the 17 experiments have been used for Fig. 2 and also for

all analyses because they give the appropriate data for the

available Lee and White clotting times.

Eosinophil counts were made in 13 experiments in 10

subjects in nine out of the 17 experiments for which readings

are available of Lee and White clotting time at the first and

two or more subsequent withdrawals, eosinophil counts were also

made (Table XII). Two experiments provided counts from three

punctures, one provided counts from four punctures and the

complete/
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Figure 2

Mean Lee & White clotting timss in. silicone-coated
glass tubes, mean eosinophil counts, and mean blood dextrose
concentrations (all expressed as percentage changes from
values at the first venepuncture in the same subject).

SERIAL VENE-PUNCTURE : DEXTROSE TOLERANCE TEST
14 SUBJECTS FASTING

SILICONE +5-j
CLOTTING 0-

TIME -5-

% CHANGE -10 -

DEXTROSE +40-1

7„ CHANGE + 35-
+ 30-

+25-

+ 20-

+ 15-

+ 10-

+ 5-

0-

HOURS

EOSINOPHILS 0 -I

\ CHANGE -5-
-10-

(9 SUBJECTS)

Notes:
Mean Lee & White clotting timss (17 subjects) from Table
XIV.

Mean eosinophil counts (9 subjects) at one hour (puncture
three) and two hours (puncture five) fYom Table XIIj mean
count at half hour (puncture ■two) derived from seven
counts made and estimates of two missing counts (p. 50)
Mean blood dextrose concentrations (17 subjects) from
Table XI.

Mean clotting times for nine subjects in whom eosinophil
counts were made did not differ sigiificantly from mean
clotting times plotted (p. 50)
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complete series of five counts was available from the remain¬

ing six experiments. The mean eosinophil count at the second

puncture which is plotted in Fig. 2 is not the same as that

given in Table XII, because the eosinophil counts at the

second puncture in Subjects A.R. and R.S.(2) were lost.

When these two counts were estimated by the iterative method

(Snedecor, 194.6) mean counts at first, second, third and fifth

punctures from nine subjects were available for plotting in

Fig. 2. Including the estimates of the two missing readings

(Subject A.R. + 13%; Subject R.S. + 8%), the mean percent¬

age change at puncture two, with standard error becomes

- 2.0 & 4-.l%. The statistical analyses are, however, based

only on the data given in Table XII. The mean readings of

clotting time in silicone-coated tubes at the five withdrawals

in the nine experiments in which eosinophil counts were also

made, did not differ significantly from the corresponding mean

readings in the total of 17 experiments in which readings are

available of Lee and White clotting time at the first and two

or more subsequent sampling times (Table XIV). The mean

readings of silicone clotting time from all 17 experiments

are plotted in Fig. 2*

The eosinophil count at the first puncture was 182 £ 12

cells/mm^ (mean t standard error of mean of 13 readings).

The mean number of cells actually counted was 53.3 £ 3»3

(Table XXII). The mean eosinophil count did not fall

significantly. The average rate fall in eosinophil count

over the whole hours of the experiment as a percentage

from/
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from the count at first puncture was - 9,6% per hour observed.

This is not significant (standard error £ 7.0$ per hour,

t = 1.37 on 27 d.f.} 0.05<P).

None of the clotting tests showed significant changes

(Tables XEV-XIX). However, an inverse relationship between

Lee and "White clotting time in silicone-coated glass tubes

and dextrose concentration was apparent. When quadratic

curvatures were fitted to the original dextrose and silicone

clotting time data for each of the 17 experiments, in 14.

instances the curvatures were of opposite sign. It was

expected that in all 17 experiments the sign of the quadratic

curvature for dextrose would be positive but but in Subject

A.B. the dextrose concentrations at the five punctures were

39, 96, 64., 60 and 60 rag/100 ml. respectively and the sign of

the quadratic curvature for dextrose was negative. The

interesting point is that in this subject the sign of the

quadratic curvature for silicone clotting time was positive.

In the other 13 of the 14 experiments in which the quadratic

curvatures were of opposite sign# the signs of the curvatures

for dextrose and silicone clotting time were positive and

negative respectively*

The 17 experiments provided 64. paired readings of blood

dextrose and Lee and White clotting time both in glass and in

silicone-coated glass tubesj nine experiments provided pairs

of readings from three punctures, three provided pairs of

readings from four punctures and the complete series of five

pairs are available from the remaining five experiments.

The correlation coefficient based on the 64 paired

values/
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values of silicone clotting time and dextrose concentration

was not significant (r - 0,22, t « 1,77 on 63 d.f.;

0.05 <P).

Comparison of Results of Laevulose

qnd Penrose ^erim^itg

The curve of blood dextrose concentration showed the

expected greater rise in the dextrose tolerance teste than in

the laevulose tolerance tests; the ratio of the areas under

the two mean dextrose curves when plotted was 2,67j1

(P < 0,01) if the high dextrose curve in Subject B»B, (Table

LXXXVI) of the laevulose tolerance tests is excluded. If

Subject B.B. is included the ratio is reduced to 1,65si

(0.05 < P).

The difference in the blood dextrose curves between the

laevulos© and dextrose tolerance tests can be computed more

exactly from the individual readings for each experiment

separately using the following formula.

For each experiment, the

"dextrose area*' » t0 (-^y^ + + 7^ + 27$)
where tQ = interval between readings of blood

dextrose - 30 minutes,

to y^ = blood dextrose readings at punctures
one to five.

The conclusion is the same as that given by the simple

plotting technique, that is

deluding/
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Excluding Sub.ieot B.fi.i

Difference in mean "dextrose area" between laevulose and

dextrose tolerance tests ± standard error of difference

between iaean3

= 304-5 4 1457 units

t = 2.34, on 24 d.f, 0.02 < £ < 0.05.

Including Subject B.B.i
n~' 7: j

Mean 4 standard error

« 1990 ± 1643 units,

t * 1.21, on 25 d.f.j 0.05 < £.

Whether Subject B.B. is included or not there is no

significant difference in mean blood dextrose at the time of

the first puncture between laevulose and dextrose tolerance

test subjects (Table XXI).

If Subject B.B. is excluded the difference between mean

blood dextrose at the second puncture is significant

(t » 2.30, on 24 d.f. 0,01 < £ < 0.05). If Subject B.B. is

included, the difference between mean blood dextroses at the

second punctures is not significant (t < 1 on 25 d.f.). The

difference in mean blood dextrose at the third, fourth and

fifth punctures between the laevulose and dextrose tolerance

test subjects was not significantj indeed, at the final

puncture the mean blood dextrose was exactly the same in the

two series of experiments.

The mean eosinophil counts at the first puncture in the

laevulose and dextrose tolerance tests did not differ

significantly (difference between mean counts ± standard error

of difference between mean counts = 7.6 4 14*8 cells, t <■ 1

on/
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on 19 d.f.) (Table XXII,).

The mean eosinophil count in the dextrose tolerance tests

did not fall, over the whole experiment, below that percentage

of the initial value achieved after half-an-hour in the

laevulose tolerance tests. The form of the curve was

obviously different (cf» Figs. 1 and 2). At the final

puncture there was a significant difference in the mean

eosinophil count between laevulose and dextrose tolerance

tests. Difference between mean percentage changes from

eosinophil count at first puncture t standard error of

difference between changes » 19*9 £ 8*6$, t = 2.31 on 13 d.f.;

0.02 < P < 0.05) (Table ZXIIl).

The mean clotting times in sllieone-coated glass tubes

at the first puncture in the laevulose and dextrose tolerance

tests differed significantly (difference between means ±

standard error of difference = 4.06 ± 1.68 ain, t = 2.42, on

25 d.f.; 0.01 < P < 0.05).

That this difference should be significant is at first

sight disturbing but there is a likely explanation. The

dates of the experiments show that all the laevulose tolerance

tests and the first nine dextrose tolerance tests were carried

out in 1951 at which time Drifilm silicone was in short supply.

The other silicones U3ed in the eight dextrose tolerance tests

in 1952 were not so efficient as Drifilm and gave a shorter

mean clotting time. The essential comparison is that when

the initial clotting times are made the same by the percentage

transformation, the difference in the response in the

laevulose and dextrose tolerance tests is still present.

At/
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At the final puncture there was a significant

difference between laevulose and dextrose tolerance tests in

mean percentage change of clotting time from clotting time at

first puncture (t = 2.83, on 19 d.f.j 0.02 < P <0.05)

(Table XXIV).

Dificnpsion

Reports have previously been made that the clotting
time alters during dextrose tolerance tests and also that

changes in blood dextrose affect pituitary-adrenal activity.

Effect of Dextrose Feeding on Clotting Time

Vodovipec and Jelavio (1950) carried out 254. two-dose

dextrose tolerance tests in 32 fasting healthy subjects and

10 fasting patients with other than blood disease. They

gave 0,5 g dextrose/kg body weight by mouth followed two hours

later by the same dose and measured the Lee and White clotting

time in glass tubes at 20°C every 15 minutes for four hours.

In similar control experiments dextrose was not given. In

addition to the Lee and White clotting time, the Quick's

prothrombin time was measured in the control experiments only.

In the control tests, where no dextrose was given, the

Lee and White clotting time and prothrombin time did not alter.

In 197 out of the 254- dextrose tolerance tests a

shortening of the Lee and White clotting time occurred in the

first 60 minutes, followed by a lengthening. In 188 of these

197 tests the second dose of dextrose was also followed by a

shortening of the clotting time. In 39 out of the 4-7 tests

in/



in which there was no shortening following the first dose,

there was a shortening following the second dose. Out of

the total of 4-2 subjects, three never showed a shortening of

clotting time, three did not show any shortening on the first

occasion on which they were tested, and in 11 subjects the

typical response did not occur on one of the occasions on

which they were tested. Vodovipec and Jelavic consider

that the magnitude of the shortening of clotting time which

occurred was related to the clotting time at the first with¬

drawal in the same testj the longer this initial clotting

time, the greater the degree of shortening was likely to be.

Where the initial clotting time was very short the clotting

time tended to lengthen.

Unlike Vodovipec and Jelavic (1950), Morrice et al.

(1952) report that hyperglyeaemia in man lengthens clotting

time. The maximum hyperglycaemia 15 minutes after dextrose

injection in the dextrose toleranee test was accompanied

by a lengthening of clotting time as measured by the protamine

titre (Allen et al.* 194-9). The titre thereafter fell to a

point below normal but by three hours after injection had

risen to, or above, control level. Dextrose by mouth produced

the same changes in protamine titre. Paradoxically, when

1800 ml. of a 10$ dextrose solution was given over 2|- hours by

intravenous drip, the resultant hyperglycaemia was accompanied

by a fall in protamine titre.

Throughout, the changes in Lee and White clotting time

in glass tubes are said to have been similar to those in

protamine/
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protamine tiire.

Effect, of Dextrose Feeding op Pituitary-adrenal Activity

Effect of Dextrose on Secretion of Adrenal Medulla.-

Duner (1953a,b, 1954) reports a quantitative study of the

secretion of adrenaline and noradrenaline in the adrenal

venous blood during hyper and hypoglycaemia in cats

anaesthetised with pentobarbitone. The venous blood from the

left adrenal gland was collected by means of a polyethylene

tube inserted into the corresponding lumbar vein. The amounts

of adrenaline and noradrenaline were determined by comparative

tests on cats' blood pressure and hens' rectal caecum (Euler,

1949). The arterial blood dextrose was measured regularly

during the experiments. The blood pressure of the cat was

kept constant by means of a connection between the femoral

artery and a reservoir filled with a warmed heparinised blood-

Ringer solution under a constant pressure.

The means of 10 readings of adrenaline and noradrenaline

secretions from the left adrenal gland were 14.0 4 4*3 and

69.7 4 11.5 x 10~^g/kg body weight/min (with standard error

of the mean) under resting conditions at the beginning of the

experiments. Dextrose waa infused in doses from 100 to

800 mg/kg. The infusion of 350 mg dextrose/kg (Duner, 1953b)

raised the blood dextrose from 95 to 315 mg/100 ml. while the

secretion of adrenaline fell to 17% and noradrenaline to 70%

of the secretion at the beginning of the experiment. The

infusion of 800 mg/kg elevated the blood dextrose to 430

mg/100 ml. and reduced the secretion of adrenaline to about

7%/
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1% of the initial level. As the blood dextrose decreased,

the adrenaline secretion was found to Increase proportionately.

The noradrenaline secretion also decreased but in all experi¬

ments adrenaline showed a proportionately greater fall.

Similar experiments were carried out in animals with the

adrenal gland denervated. The denervation brought the

total adrenaline and noradrenaline secretion down to

25 x 10""^g/kg/min and this level remained unaffected by

dextrose* Duner, therefore, suggests that changes in blood

dextrose level cause changes in medullary secretion by a

nervous mechanism.

An attempt was made to localise the origin of the effect

of dextrose in experiments in which the head of one cat (a)

was cross-connected with the body of another (b). Dextrose

infused in (b) increased the blood dextrose in the head of (a)

and led to a decrease of the secretion from its adrenal in

spite of low blood dextrose in the body. This suggested that

dextrose affected the secretion from the adrenal medulla by

means of some kind of chemoreceptor located centrally. A

further attempt to localise these supposed ehemoreceptors was

made by injecting into the hypothalamic region 0.05 ml. of a

1% dextrose solution (made isotonic with Ringer's solution

diluent.) A marked decrease in the adrenaline secretion was

noted in some of these experiments while control injections of

saline failed to produce this effect. Injections of dextrose

elsewhere in the brain then in the hypothalamus did not have

this effect. Duner postulates the existence of a central

nervous/
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nervous receptor system situated in the hypothalamus which

may be of importance in the regulation of the blood dextrose

level. The evidence that adrenaline secretion decreased

proportionately less than that of noradrenaline suggests that

adrenaline is primarily engaged in this mechanism and also

indicates that adrenaline and noradrenaline may be independent-*

ly secreted from the adrenal. No correlation was found

between the proportions of adrenaline and noradrenaline in

the resting secretion from the adrenal and those in the

adrenal itself.

Effect of Insulin on Secretion of Adrenal Medulla.-
■ ■ 1

•

In a subsequent paper (Duner, 1954-) a study of the

secretion of adrenaline and noradrenaline from the adrenal
■

medulla during insulin-induced hypoglycaemia is reported

using the same mode of collection and assay of blood samples

as in the previous work. After intravenous injection of

10 i.u. insulin/kg body weight the greatest fall in blood

dextrose usually occurred in 35 minutes. The mean fall in

3ix experiments was from a resting level of about 100 mg/100

ml. to a mean minimum of about 50 mg/100 ml. This decrease

in blood dextrose was accompanied by a 10-fold or even

greater increase in adrenaline secretion from the adrenal.

The maximum adrenaline secretion was reached about the same

time as the minimum blood dextrose and when the blood

dextrose increased the adrenaline secretion decreased. The

noradrenaline secretion also appeared to be influenced in

the/
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the same way as that of adrenaline by the changes in blood

dextrose but less consistently and to a lesser degree. Thus

during periods of hypogLycaemia under the given conditions,

the same inverse relationship is reported between blood

dextrose level and the adrenaline secreted from the adrenal as

reported previously for periods of hyperglycaeraia, The

results support the theory of a differentiated secretion of

adrenaline and noradrenaline from the adrenal, the blood

dextrose level chiefly influencing the adrenaline secretion

(p. 15$-

Apart from Weil-Malherbe (1952) workers previous to

Dunor have agreed with Duner's (1954-) conclusion that hypo-

glycaemia after insulin administration leads to increased

adrenaline secretion from the adrenal medulla. Cannon et al.

(1924-), using changes in the rate of the denervated heart as

a criterion of the (adrenaline) secretion from the adrenal

medulla, concluded that hypoglycaemia after insulin

administration in the cat induced an increased secretion from

the medulla, Hokfelt (1951) reported a selective depletion

of adrenaline from the adrenal of the rat following the

injection of insulin. Euler and Luft (1952) reported a

large increase in the amount of adrenaline excreted in the

urine after the intravenous injection in man of insulin

sufficient to produce hypoglycaemiaj the amount of nor¬

adrenaline was little changed.

Eranko (1955) injected insulin 0.6 i.u./lOO g body

weight subcutaneously in male rats at 9 a.m. and at 12 noon

and,/
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and, using a histoehemical method, estimated the adrenaline

and the noradrenaline content of the adrenal at 4 p.m. He

concludes that in insulin hypoglycemia there is a

predominant release of adrenaline. Soskin (1941) suggested

that any insulin administered to the normal animal was an

excess over the optimal amount already present and caused

hypoglycaeraia; this in turn brought into operation a

compensatory hepatic glycogenolysis. He postulates that

release of adrenaline is responsible for this glycogenolysis

because removal or denervation of the adrenal glands prevents

depletion of liver glycogen following hypoglycaeraia (Reid,

1936j Crandall and Cherry, 1939).

In contradiction to all other reports, Weil-Malherbe

(1952) has reported that during insulin hypoglycaemia there

was a fall in the peripheral blood level of adrenergic amines

as measured by the method introduced by Weil-Malherbe and Bone

(1952} p«241) ♦ The reactive material in this fluoroiaetric

method for the estimation of the level of adrenaline-like

substances in the plasma, consists of amines derived from

catechol and the result is therefore considered to represent

the sum total of adrenergic amines. After intravenous

injection of insulin the "blood adrenaline" is reported as

usually reaching its minimum within five minutes while the

blood dextrose maystill be within normogLycaemic limits;

thereafter the blood adrenaline levelt ended to show a

gradual rise depending on the dose injected and the response

of the subject, but in all cases the upward movement of the

blood/
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blood dextrose cturve was preceded by a corresponding movement

of the blood adrenaline curve. Weil-Malherbe considers that

the effect of insulin reported by him in causing a fall in

blood adrenaline is not due to an exhaustion of the adrenergic

system because intravenous injection of glutamic acid or the

conduction of electric current through the brain during hypo-

glycaemic coma is reported as still causing a pronounced rise

of blood adrenaline.

Effect of Insulin on Secretion of Adrenal Cortex.-

Insulin hypoglycaeraia has been reported to release

A.C.T.H. by means other than stimulation of the secretion of

adrenaline? Vogt (1951a) has shown that the adrenal cortex

and medulla both make a contribution to the reversal of

insulin hypoglycaemia. Furthermore, the injection of

insulin has been reported to cause a fall in eosinophil count

(Almy and Laragh, 194-9? Pfeiffer et al.. 1952), which also

suggests an increase in adrenocortical activity (p. 10).

However, insulin does not appear to produce such a ehange in

the absence of hypoglycaemia (Tsai et al.. 1950? Perlmutter

and Mifson, 1951? Shattock and Micklem, 1952)? Lazarus

et al. (1950? p. 66) disagree.

In the dextrose tolerance tests of the present study

the lowest blood dextrose was at the last venepuncture, two

and a half hours after the ingestion of the dextrose. Here

the mean blood dextrose was however only 3*6% less than the

mean fasting level observed at the first venepuncture. Thus

at/
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at no time daring the test was a degree of hypoglycaemia

present which was sufficient to cause pituitary-adrenal

stimulation. It is furthermore unlikely that in the absence

of hypoglycaemia sufficient endogenous insulin had been

released to cause such a stimulation.

Effect of Dextrose on Secretion of Adrenal Oortex.-

It appears from the following evidence that hyper-

glycaemia produced by dextrose feeding or infusion leads to

pituitary-adrenal stimulation after an interval of half to

one hour. There is no information available from the

literature on the mechanism of this effect but the changes in

adrenaline secretion described by Duner (1953a,bj p. 57)

may be responsible.

ELmadjian et al. (194-6) administered 1 ml. of a 50%

solution of dextrose orally to normal and salt-fed

adrenalectomised rats either once or twice with a half-hour

interval. Normal animals receiving the single dose (12 rats)

or the double dose (13 rats) showed a prompt fall in lympho¬

cyte count (p. 13) with a return towards the initial count

after two to three hours. Significant negative correlations

are reported between magnitude of fall of lymphocyte count

and rise in blood dextrose in both dosage groups and for

interclass as well as intraclass changes. A fall in

lymphocyte count was not observed in the salt-fed adrenalect¬

omised rats receiving either the single dose (9 rats) or the

double dose (12 rats) but a significant positive correlation

was/
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was found in one-dose adrenalectoaiaed recipients between

percentage changes in lymphocyte count and in blood dextrose.

The authors conclude that dextrose stimulated the secretion

of the adrenal cortex.

Steeples and Jensen (1949) gave rats 2 ml, of 50$

dextrose solution by oral catheter; control rats received

2 ml, of distilled water. At intervals thereafter animals

were killed suddenly and the blood dextrose and adrenal

cholesterol content measured. It was essential to accustom

the animals to the experimental conditions because handling

and intubation of the animals led to a decrease in adrenal

cholesterol. This was done by passing a catheter into the

stomach twice daily for at least eight days. Oral

administration of dextrose produced a rise of blood dextrose

which coincided with a rise in the adrenal cholesterol

content. Between 30 and 60 minutes after dextrose

administration, despite continued hyperglycaemia, the adrenal

cholesterol content fell rapidly to normal levels; there was

also a fall in the blood lymphocyte count at this time. The

latter observation is In agreement with the report by

Elmadjian et al. that oral administration of dextrose to rats

was followed by a fall in lymphocyte count one to two hours

later.
'' ^ '.'.'if:

Hyperglycaemia produced in trained dogs either by oral

feeding by stomach tube or by intravenous infusion of 15%

dextrose solution over periods up to six hours caused a fall

in eosinophil count in a series of experiments reported by

Jordan/
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Jordan et al. (1950). The blood dextrose following oral

feeding rose to a maximum within the first one and a half

hours and gradually subsided over the following five hours.

The fall in eosinophil count, however, was greatest after two

and a half to four and a half hours. The hyperglyeaeraic and

eosinopenio reactions in the dog following the oral

administration of dextrose thus did not occur at the same time.

The greatest fall in eosinophil count occurring in the experi¬

ments of Jordan et al.f after about four hours, is in keeping
with the time of maximum fall in eosinophil count following

the injection of A.C.T.H. (p»342). Jordan et al. admit that

their data do not elucidate the mechanism of action of hyper-

gLycaemia in effecting adrenal cortical discharge. They

suggest that it is conceivable, as suggested by Vogt (194?)
and Godlowski (1943), that hyperglycaemia may Initiate the

release of A.C.T.H. from the anterior pituitary.

Freeman and Elmadjian (1946) gave nine fasting men two

doses of saccharin by mouth at half-hour intervals. Lympho¬

cyte counts and blood dextrose estimations were made before

each dose of saccharin, 30 minutes after the second dose, and

again 75 minutes later. The blood dextrose and lymphocyte

count showed no change. On another day, the same 9 subjects

and 12 others were each given two 50 g doses of dextrose at

30 minute intervals. In the first 30 minutes of the test

the change of the blood dextrose bore no relationship to the

change in the lymphocyte count in the same subject; in the

second 30 minutes the change of blood dextrose in any subject

bore/
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bore an inverse relationship to the change in the lymphocyte

count. The high degree of this inverse relationship is

indicated by a correlation coefficient (r) of -0.85 (on 20

degrees of freedom} £ < 0.01). The subjects are divided

arbitrarily into two groupss Group A, 11 subjects in whom the

blood dextrose at 60 minutes was lower than that at 30 minutesj

Group B, 10 subjects in whom it was higher at 60 minutes.

The changes in the lymphocyte count also differed in the two

groups of subjects and were inversely related to the changes

in blood dextrose. In Group A there was a marked fall in

lymphocyte count in the first 30 minutes and a moderate rise

in the second 30 minutes. In Group B in the first 30 minutes

the mean fall in lymphocyte count was only 25% of that in

Group A but the fall continued in the second 30 minutes. The

total fall in lymphocyte count for the 60 minutes in Group B

was less than that in Group A for the first 30 minutes.

Lazurus et al* (1950) gave 25 g dextrose intravenously

to six healthy subjects. In five subjects there was a fall
... -v*

in the lymphocyte count (p. 12) which reached its lowest level

in 30 to 60 minutes. On another occasion, five of the same

subjects and another three subjects were given 0.075 i.u.

insulin/kg body weight intravenously. In seven out of the

eight subjects a rise in lymphocyte count was observed 4-5 to

60 minutes after the inj ection, despite the f act that the

small dosage of insulin was insufficient to cause severe

hypoglycaemla and possible concomitant adrenocortical

stimulation (p. 62). After the intravenous injection of

0.5/
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0.5 g dextrose/kg body weight in eight men, Recant et al.

observed a maximum fall in eosinophil count. Although the

peak of the mean blood dextrose curve was half an hour after

injection, the maximum fall in eosinophil count did not occur

till one hour after injection.

Effect of Secretion of Adrenal Cortex on Dextrose

Tolerance.- It has been reported that A.C.T.H. and cortisone

have an effect on dextrose tolerance.

Appel et al. (1953) studied the changes in blood dextrose

after intravenous infusions of various doses of A.G.T.H. in

500 ml. saline. The blood dextrose estimations were made

immediately before and after the infusions which were always

of four hours' duration. Saline infusion alone was

accompanied by a rise in mean blood dextrose from 71 to 76

mg/100 ml. After 12.5 mg A.G.T.H, the mean blood dextrose

had risen from 77 to 92 mg/100 ml. (=+ 21 ± 2.7$ mean percent¬

age rise in 20 infusions ± standard error of mean). Larger

doses of A.C.T.H. did not produce a greater rise in blood

dextrose but all doses of A.C.T.H, were accompanied by a

significantly greater rise in blood dextrose than that

produced by saline alone. When A.C.T.H. was infused for four

hours prior to the intravenous injection of 0.025 or 0.050

1.u. insulin/kg body weight, the subsequent fall in blood

dextrose was not so pronounced as that after a four hours'

injection of saline. The effect of four hours' infusion of

A.C.T.H. on the intravenous dextrose tolerance test was studied

by the injection of 0.33 g dextrose/kg body weight immediately

after/
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after the infusion. In the control t eats where a four

hours' infusion of saline alone was followed by the dextrose

injection, the mean blood dextrose had risen after half an

hour but had returned towards normal one hour after the

injection. The A.C.T.H. infusion significantly increased

the hyperglycaemia half and one hour after the injection of

dextrose.

Bastenie and Kowalewski (1951) made intravenous dextrose

tolerance tests in 20 healthy subjects, 16 diabetica, 20

patients with liver disease and six patients with rheumatoid

arthritis all treated with cortisone in daily dosage of 80

to 300 ag. In the healthy subjects each new peak of blood

dextrose concentration obtained in two- and three-dose tests

was lower than the preceding one and the serum inorganic

phosphorus concentration was le3s than normal throughout the

test. (The lowering of the serum inorganic phosphorus is

ascribed to the formation of esters of phosphoric acid during

the utilisation of dextrose in the tissues.) In the diabetics

each curve was higher than the preceding one and the serum

phosphorus concentration was normal. The patients receiving

high dosage of cortisone showed the same blood dextrose and

serum phosphorus changes as the diabetics but when the

dosage of cortisone was decreased, the serum phosphorus

decreased during the induced hyperglycaemia, Bastenie and

Kowalewski conclude that in diabetics and in patients receiv¬

ing high dosage of cortisone there is the same deficient

utilization of dextrose in the tissues.

Comment/
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Qosnaenfr op ^ev^ps^ ^ I:panose ffy,pfcrlm$fltg.- For the

present study, the important difference between laevuloae and

dextrose which emerges from previous work is that only

dextrose has been reported as influencing the function of the

pituitary-adrenal system. In these experiments with serial

venepuncture and dextrose feeding the changes in silicone

clotting time and eosinophil count follow a different pattern

from those with serial venepuncture only ("laevulose

tolerance" experiments). The correlation between the signs

of the curvatures for silicone clotting time and dextrose

concentration (p. 51) suggests that in the present experiment

the changes in clotting time were related to those in dexbrose

concentration, the effect of which seems to have overridden

the venepuncture effect demonstrated in the laevulose experi¬

ments. However, whether the different pattern of changes in

clotting time and eosinophil count is due to the relatively

small difference between the blood dexbrose curves, or to the

differences between the subjects and the conditionsof testing

in the two experiments, it is suggested that the time

relationships of pituitary-adrenal activity were not the same

in the two experiments and that these time relations were

reflected in changes in clotting time. The difference in

the eosinophil curves in the two experiments might have

reflected a difference in the initial (pituitary-adrenal)

state in the two experiments, but this is unlikely because

the initial mean eosinophil counts in the two series did not

differ significantly.
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Analysis of results of tests

2Msl£L

Blood Dextrose. (17 subjects for whom results of Lee & White
dotting time test in silicone-coated
glass tubes are also available)

(each entry is the blood dextrose expressed as
percentage change from the blood dextrose at the first

venepuncture in the same subject)

Venepuncture 2 3 4 5

Time (after 30 min 60 90 120
venepuncture 1)

Subject D.W. + 16 % + 52 + 27 - 23
G.W. + 87 + 136 ♦ 140 ♦ 66
J.M. + 26 ♦ 9 - 24 - 29
T.K.(l) + 52 - 13 - 12 - 18
T.K.(2) ♦ 36 - 7 - 32 - 32
A.M. ♦ 25 + 17 ♦ 4 - 3
M.L.(1) + 34 + 121 ♦ 93 ♦ 41
B.K. + 29 + 21 - 16 - 22
A.B. + 8 «• 28 - 33 - 33
A.R. + 56 + 73 + 59 - 5
M.L.(2) + 100 + 85 + 20 - 15
R.S.(l) ♦ 62 + 71 + 21 - 5
R.S.(2) + 36 + 14 + 4 - 9

F.McN. + 9 5 - 11 18
A.G. + 58 ♦ 47 + 12 - 19
J.K. + 50 + 90 + 15 m 10
J.T. + 48 ♦ 63 + 87 + 71

Mean percentage + 43.1 % + 43.9 % + 20.5 % - 3.7 %
change
± S.E. of change * 6.1 % ± 11.7 % * 11.7 % x 7.7 %

Test of t = 7.07 t = 3.75 t = 1.75 t < 1
significance of on 16 d.f, on 16 d. f < oxi 16 d.f, on 16 d.f.
mean percentage
change mi rat

Sifflj-fjcanqe of aeqn percentage changes

«k P < 0.01
* 0.01 <P <0.05
Other mean % changes 0.05 < P



- 71 -
Dextrose Tolerance.

Analysis of results of tests (cont'd)

We JffJ

Eosinophil counts.

(each entry is an eosinophil count expressed as
percentage change from the eosinophil count at the first

venepuncture in the same subject)

Venepuncture 2 3 4 5

Time (after
venepuncture l)

30 min 60 90 120

Subject A.M. + 3 % - 22 - 8 — 28

B.K. •* 14 - 51 - 51 - 43

A.B. - 19 - 16 - 5 - 10

A.R. n.d. ♦ 13 n.d. + 8

M.L.(2) + 4 * 8 * 4 + 6

R.S.(2) n.d. ♦ 4- n.d. + 5

A.G. - 4 - 4 n.d. - 2

J.K. - 11 - 12 - 14 - 11

J.T. + 4 •* 1 - 8 - 12

Mean percentage
change
± S.E. of change

- 5.3 %

* 3.6 %

- 9.0 %

* 6.5 %

- 13.7 %

* 7.8 %

•* 9.7 %

* 5.6 %

Test of
significance of
mean percentage
change

t S 1.4-3
on 6 d.f.

t = 1.39
on 8 d.f.

i * 1.75
on 5 d.f.

t = 1.72
on 8 d.f.

Significance of mean percentage changes

SBE P<0.01
x 0.01 <P <0.05
Other mean % changes 0.05 < P

n.d. ~ not done

Notes

Mean percentage change at puncture 2
(with standard error) becomes
- 2.0 i 4*1/5 when estimates of two
missing readings are made (p. 50).
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Analysis of results of testa (cont'd)

Table nil

Platelet counts.

(each entry is a platelet count expressed as percentage
change from the platelet count at the first venepuncture
in the same subject)

Venepuncture 2 3 A 5

Time (after
venepuncture l)

30 rnin 60 90 120

Subject J.D. n.d. - 1 n.d. - A

J.W. n.d. ♦ 2 n.d. 0

A.M. *• 1 % • 1 - 1 X

B.K. 0 - 2 - 1 X

A.B. + 1 - 1 0 - X

M.L.(2) ♦ 5 + 5 ♦ 1 ♦ 3

R.S. n.d. ♦ A n.d. + 6

A.G. ♦ 3 - 3 - 3 • 2

J.K. - 9 • 9 - 8 - 6

J.T. n.d. - 5 n.d. - 2

Mean percentage
change
± S.E. of change

- 1.2 %
* 1.9 %

«■ 1.1 %
± 1.3 %

- 2.0 %
1 1.3 %

— 0.8 %
* l.l %

Test of
significance of
mean percentage
change

b < 1
an 5 d.f.

b < 1
an 9 d.f.

t = 1.51
on 5 d.f.

b < 1
on 9 d.f.

Significance of mean percentage changes

«* P < 0. (XL
x 0.01 <P <0.05
Other mean % changes 0.05 < P

n.d. = not done
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Analysis of results of tests

Lee & White clotting time in silieone-coated glass tubes.

(each entry is derived from the mean clotting time of 4
or 8 replicate readings expressed as percentage change
from the mean clotting time at the first venepuncture
in the same subject)

Venepuncture 2 3 4 5

Time (after 30 rnin 6o 90 120
venepuncture 1)

Subject D.W. n.d. - 26 n.d* - 18
G.W. n.d. - 35 n.d. - 34
J.M. n.d. - 14 n.d. - 8
T.K.(1) n.d. - 25 n.d* + 29
T.K.(2) n,d. + 11 n.d. + 34
A.M. + u % «• 6 + 23 + 13
M.L.(l) - 7 n.d. - 8 n.d.
B.K. - 35 - 45 - 24 n.d.
A.B. + 11 * 3 - 1 - 18
A.R. n.d. - 7 n.d. + 12
M.L.(2) + 5 - 7 - 16 - 13
R.S.(l) - 19 n.d. n.d. - 17
R.S.(2) - 4 + 7 n.d. ♦ 9

F.McN, 0 + 5 + 26 + 16
A.G. + 9 n.d. - 3 + 14.
J.K. + 36 + 21 * 4-2 + 20
J.T. — 16 - 17 n.d. n.d.

Mean percentage - 0.5 % - 9.6 % + 4.9 % + 2.8 %
change
- S.E. of change

* 5.7 % * 5.0 % * 8.1 % 4 5.5 %

Test of t < 1 t = 1.93 t < 1 t < 1

significance of on 10 d.f on 13 d.f. on 7 d.f on 13 cLf
mean percentage
change

Significance of mean percentage changess sex P <0,01j
« 0.01<P<0.05j other mean % changes 0.05<£
n.d. = not done

These mean percentage change data are plotted in Fig, 2.
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Analysis of results of testa (cont'd)
Table XV

Lee & White clotting time in glass tubes.

(each entry is derived from the mean clotting time of
4 replicate readings expressed as percentage change
from"the mean clotting time at the first venepuncture
in the same subject)

Venepuncture 2 3 A 5

Time (after
venepuncture 1)

30 rain 60 90 120

Subject D.W.
G.W.
J.D.
J.M.
T.K.(l)
T.K.(2)
A.M.
M.L.(1)
B.K.
A.B*
A.R.
M.L.(2)
R.S.(1)
R.S.(2)

F.McN.
A.G.
J.K.
J.T.

n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
+ 9 %
- A
- 27
- 15
n.d*
- 1
- 7
- 6
- 6
+ 20
♦ 16
- 15

♦ 11
- 7
- 13
- 4
- 6
+ 19
+ 3
n.d.
- 24
- 17

- H
n.d.
- 4
- 15
n.d.
- 10
- 20

n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
+ 18
♦ 5
- 20
- 4
n.d.
- 1
n.d.
n.d.
- 5
«• 2
+ 16
n.d.

♦ 10
- 11
+ 13
- 7
♦ 20
♦ 4
+ 11
n.d.
n.d.
- 9
- 24
- 12
♦ 6
- 13
- 2
- 1
+ 25
n.d*

Mean percentage
change
^ S.E. of change

- 3.3 %
* 2.6 %

- 7.3 %
t 3.0 %

+ 0.9 %
* A*3 %

+ 0,7 %
± 3.5 %

Test of
significance of
mean percentage
change

t = 1.25
on 10 d.f.

t = 2.47
on 14 d.f.

«

$<1
on 7 d.f.

t <1
on 14 d.f4

Significance of mean percentage changes

XK P <0.01
x 0. 01< P < 0.05
Other mean % changes 0.05<P



Dextrose Tolerance.

Analysis of results of testa (cont'd)

Table XT*

Cannon-Mendenhall clotting time.

(each entry is the Cannon-Mendenhall clotting
time expressed as percentage change from the
clotting time at the first venepuncture in
the same subject)

Venepuncture 2 3 4 5

Time (after
venepuncture 1)

30 rain 60 90 120

Subject R.S.(2) - 9 % - 13 n.d. - 28

F.McN. - 12 - 23 m 12 mm ^

A.G. + 33 + 10 + 37 ♦ 33

J.K. + 26 - 29 + 42 + 5

J.T. 0 + 3& - 31 - 8

Mean percentage
change
i S.E. of change

+ 7.6 %
* 10.3 %

** 3«4- %
4 12.3 %

+ 9.0 %
A 18.1 %

■* 1.4 %
t 10.1 %

Test of
significance of
mean percentage
change

t <1
on d« f.

t <1
on 4 d. f.

t < 1
on 3 d.f.

t <1
on 4 d.f.

n.d. = not done

Significance of mean percentage changes

"JOE P<0.01
* 0.01 <£<0.05
Other mean % changes 0.05 < P



Dextrose Tolerance.

Analysis of results of tests (cont'd)
Mm mi

Quick's prothrombin time, (cone brain thromboplastin)

(each entry is derived from the mean clotting time of
3 to 6 replicate readings expressed as percentage
change from the mean clotting time at the first vene¬
puncture in the same subject)

Venepuncture 2 3 4 5

Time (after 30 min 60 90 120
venepuncture)

Subject D.W, n.d. ♦ 3 n.d. - 6
G.W. n.d. - 1 n.d. - 2
J.D. n.d. ♦ 1 n.d. - 2
J.M. n.d. + 7 n.d. + 12
T.K.(l) n.d. ♦ 1 n.d. 0
T,K.(2) n.d. + 1 n.d. 0
T.C. n.d. 0 n.d. + 1
A.M. ♦ 4 % ♦ 3 ♦ 5 ♦ 4
M.L.(1) * 3 - 11 + 5 — 21
8.K. * 4 ♦ 5 0 + 5
A.B. ♦ 4 + 7 + 1 - 2
A.R. n.d. - 5 n.d. mm

E.G. n.d. + 1 n.d. + 3
M.L.(2) + 1 ♦ 4 + 1 - 1
R.S.(l) n.d. — 1 n.d. 0
R.U. n.d. + 2 n.d. ♦ 3
R.S.(2) + 1 + 6 ♦ 7 + 5

F.MoN. ♦ 1 0 + 6 + 4
A.G. - 4 - 3 - 4 — 6
J.K. 1 - 1 + 1 - 3
J.T. 1 - 1 n.d. n.d.

Mean percentage ♦ 1.2 % + 0,9 % ♦ 2.4 % - 0.5 %
change

± 0.8 %* S.E. of change i 0.9 1,2 % t 1.5 %

Test of t = 1.43 & <1 t a 2,03 t <1
significance of on 9 d.f. on 20 d.f. on 8 d.f. on 19 d.f.
mean percentage
change

n.d» = not done

Significance of mean percentage changes

M PC0.01
* 0.01 <P <0.05
Other mean % changes 0.05 <£



Dextrose Tolerance.

Analysis of results of tests (cont'd)

Quick's prothrombin time (dilute brain thromboplastin)

(each entry is derived from the mean clotting time of 3
or 5 replicate readings expressed as percentage change
from the mean clotting time of the first venepuncture
in the same subject)

Venepuncture 2 3 A 5

Time (after
venepuncture 1)

30 rain 60 90 120

Subject F.McN. - A % - 6 - 8 + 1

J.K. - 2 - A + 9 - 6

J »T. "• 24 - 17 - 14 12

Mean percentage
change
± S.E. of change

- 10.0 %
* 7.0 %

- 9.0 %
± 4-.0 %

- A»3 %
± 6.9 %

- 5.7 %
t 3.8 %

Test of
significance of
mean percentage
change

t » 1.42
on 2 d.f.

t = 2.23
on 2 d.f.

1 <1
on 2 d.f.

i «1.52
on 2 d.f.

Significance of mean percentage changes

wt P<0.01
x 0.01 < P <0.05
Other mean % changes 0.05 < P



Dextrose Tolerance.

Analysis of results of testa (cont'd)

Thrombin clotting time.

(each entry is derived from the mean clotting time of
6 replicate readings expressed as percentage change
from the mean clotting time at the first venepuncture
in the same subject)

Venepuncture 2 3 4 5

Time (after
venepuncture 1)

30 min 60 90 120

Subject D.W. *• A % - 17

J.D. + 2 m 6

J.M.

T.K.(l)

T.K.(2)

not

done

+ 4

—* XX

- 3

not

done

♦ 5

«* 5

«* -4

T.C. - 4 - 2

J* *K. + 1 * 6

J.T. • 3 + 1

Mean percentage
change
± S.E. of change

- 2.2 %
t 1.6 %

- 4.2 %
± 2.3 %

Test of
significance of
mean percentage
change

t s 1.3-4
on 7 d.f.

t « 1,85
on 7 d.f.

Significance of mean percentage changes

am P <0.01
x 0.01 <P <0.05
Other mean % changes 0.05 <P



CorrelationsbetweenLee&Whiteclottingtimesinglasstubes,Lee&Whiteclottingtimes insilieone-coatedglasstubes,andCannon-Mendenhallclottingtimesinindividualdextrose tolerancecurves Table

Subject

Dateof

Numberof

Correlationbetween

Experiment (1952)

paired readings
Lee&White in glassand insilicone
Lee&White

inglass andC-Mtime
LeeStWhite

in silicone andC-Mtime

CVI

R.S.(2)

4thMarch

4

-0.51

+0.96

—0.66

CVII

F.N.

13thMarch

5

♦0.41

+0.66

+0.53

CVIII

A.G.

18thMarch

4

+0.41

+0.33

-0.24

CIX

J.K.

20thMarch

5

+0.50

+0.73

+0.73

cx

J.T.

25thMarch

3

♦0.93

-0.64

-0.50

Pooledcorrelationcoefficients
3E

r=♦0.57

*

r=+0.57

r=+0.45

(all21pairs)

(t=2.67 on15d.f.)
(t=2.69 on15d.f.)
(t=1.97 on15d.f.)

Significanceofcorrelations(formorethan10pairsonly) 9SCP<0.01 *0.01<P<0.05 Othercoeffs0.05<P
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Laevulose Tolerance.
and Dextrose Tolerance.

Analysis of results of tests

Blood Dextrose at first venepuncture.

Significance of difference in blood dextrose at
first venepuncture between Laevulose and Dextrose tolerance
tests

Laevulose Tolerance Dextrose Tolerance

Subject J.S. 85 mg/lOOal.
W.L. 89

A.McN. 71
W.A. 69
J.W. 81
B.B. 117
S.G. 69

F.MoP. 62

Subject D.W. 131 mg/100al,
G.W. 92
J.M. 117
T.K.(l) 77
T.K.(2) 84
A.M. 38
M.L.(1) S3
B.K. 91
A.B. 89
A.R. 78
M.L.(2) 71
R.S.(l) 85
R.S.(2) 76

F.MeN. 32
A.G, 82
J.K. 71
J.T. 89

Excluding subject B.B.

Mean dextrose 4 S.E. of mean

= 75.1 ± 3.7 mg/lOOal.

Including subject B.B.

Mean dextrose X S.E. of mean

= 80.4- * 6.2 tng/l00al.
Mean dextrose 4 S.E. of mean

a 87.7 4 3.7 mg/lQGrnl.

Difference between mean blood dextroses t S.E. of difference

Excluding subject B.B. = 12.6 1 6.3 ms/lOOml.
Including subject B.B. » 7.3 & 6.9 mo/lQOml.

Significance of differences between mean blood dextroses

Excluding subject B.B. t » 2.00. on 24 d.f.. 0.05 <P.

Including subject B.B. t w 1.07. on 25 d.f., 0.05<P.



LaS3Q&S3S-l2l85H3£§'
and Dextrose Tolerance.

Analysis of results of tests (cont'd)

Mkf mi

Eosinophil counts at first venepuncture.

Significance of difference in eosinophil count at
first venepuncture between Laevulose and Dextrose tolerance
tests

Laevulose Toleranoe Dextrose Tolerance

Cells Q
counted counted

Subject J.S. 30 Subject A.M. 67
V.L. 32 M.L.(1) 80

A.McN. A B.K. 65
W.A. U A.B. 20
J.W, 170 A.R. 63
B.B. 75 E.G. 53
S.G. U5 M.L.(2) 5A

F.MoP. 36 R.S.(l) 57
R.U. 60
R.S,(2) 61
A.G. 56
J.K. 57
J.T. 65

Mean count t S.E. 0Hj1 Mean count t S.E. of mean

» $0.8 £18,1 cells « 58.3 t 3.8 cells

Difference between nean counts ± S.E. of difference

» 7.6 ± 14..8 cells

Test of significance of difference between mean counts

t < 1, on 19 d.f., 0.05 <P. j

@
Cells counted x 3.12 = Cells/mar*



Laevulose Tolerance,
and Dextrose Tolerance.

Analysis of results of tests (cont'd)
»mi

Eosinophil counts.

Significance of differences between Laevulose and

Dextrose tolerance tests in mean percentage change of

eosinophil count from count at first venepuncture

Venepuncture 2 3 U 5

Time (after
venepuncture 1)

30 rain 60 90 120

Laevulose tolerance

Mean percentage
change
£ S.E. of change

- 9.2 %
£ 7.6 %

• 19.2 %
± 7.4 %

- 23.5 %
± 6,7 %

- 29.6 %

£ 6.3 %

Dextrose tolerance

Mean percentage
change
£ S.E. of change

- 5.3 %
£ 3.6 %

- 9.0 %
£ 6,5 %

- 13.7 %
£ 7.8 %

- 9.7 %
± 5.6 %

Difference between
mean percentage
changes
£ S.E. of difference
between changes

3.9 %
£ 8.0 %

10.2 %
± 10.0 %

9.8 %

£ 10.1 %

19.9

£ 8.6 %

Test of significance
of difference
between changes

t < 1
on lld.f.

t = 1.00
on 13d.f.

t < 1
on lOd.f.

t = 2.31
on 13d.f.

K

Significance of difference between mean neroentage changes

set P<0,01
k 0.01 < P < 0.05
Other differences 0.05 <P



Laevulose Tolerance,
and Dextrose Tolerance.

Analysis of results of tests (cont'd)

Tfrble TO

Lee St White clotting time in silicone-coated glass tubes.

Significance of differences between Laevulose and

Dextrose tolerance tests in mean percentage change of clotting

time from clotting time at first venepuncture

Venepuncture 2 3 4 5

Time (after
venepuncture 1)

30 min 60 90 120

Laevulose tolerance

Mean percentage
change
4 S.E. of change

* 9.1 %
* 3,5 %

- 12.9 %
4 -4.3 %

■* 12*2 %

± 4.2 %

- 19.9 %

4 2.5 %

Dextrose tolerance

Mean percentage
change
4 S.E. of change

f 0.5 %
* 5.7 %

- 9.6 %

4 5.0 %

* 4.9 %
* 8.1 %

* 2.8 %

4 5.5 %

Difference between
mean percentage
changes
4 S.E. of difference
between changes

8.6 %
4 7.8 %

3.3 %
± 7.4 %

17.1 *
4 10.1 %

22.1

4 8.0 %

Test of significance
of difference
between changes

t = 1.10
on I6d.f.

t < 1
on 20d.f,

t = 1.69
on 12d.£.

t = 2.83
on 19d.f.

X

Significance of difference between changes

vol p < o.ai
« 0.01<P<0.05
Other differences 0.05 < P
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Previous Work

Adrenaline in vivo and Blood Clotting

Of the drugs reported to shorten clotting time in

mammals, the action of adrenaline seems to be the most firmly

established,

Gannon et al. reported the shortening of clotting time

in the cat by the injection of adrenaline and following pro¬

cedures which they thought likely to lead to the liberation

of endogenous adrenaline. All clotting times were measured

on fresh native whole blood by means of a special piece of

apparatus, (For description of these experiments see

p, 133 and Appendix, p, 14»)
Mills et al. (1928) studied the effect of various

procedures on clotting time in dogs and in man. In addition

to measuring the clotting time in a paraffined tube at room

temperature, they observed the time at which platelet clumping

and disintegration occurred in stained smears subsampled from

the tube at intervals of two minutes. They noted that the

first evidence of clot formation in the tube coincided with

platelet clumping. Subcutaneous injections of 0.8 to 5.0 mg

adrenaline are reported as shortening the clotting time in

five fasting unanaesthetised dogs to approximately of the

pre-injection reading, the effect being present 20 minutes
' .1.- ■: .... ■

after injection and persisting for several hours. Unfortunate¬

ly no similar control experiments were made in which

adrenaline/
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adrenaline was not given. Adrenaline added to blood ip

vitro did not shorten clotting time.

Tocantins and O'Neill (1941) report readings of whole

blood clotting time in paraffined tubes and Quick's pro¬

thrombin time in 12 experiments in four dogs and seven

experiments in six healthy men. In dogs the intravenous

injection of 3,5 x lCT"g adrenaline/kg was followed by a

shortening of clotting time and prothrombin time which lasted

for at least /£> hours. However, 30, 60 and 120 minutes after

the intramuscular injection of 0.5 or 1,0 x 10~^g adrenaline/kg

in man, there was no change in either clotting time or in

Quick's prothrombin time.

Unvas (194-2) measured the "prothrombin time" by

Thordarsson' s method (194-0) in cats during light ether

anaesthesia, after the intravenous injection of 10*"^ to lO^g
adrenaline/kg, and after electrical stimulation of the

splanchnic nerve. After each of these procedures the pro¬

thrombin time shortened to the same degreej it shortened both

after single intravenous injections and after intravenous

infusions of adrenaline but during prolonged infusions it

returned to control level after 10 to 15 minutes despite

continued administration of adrenaline. When the operation

of exposure of the splanchnic nerve had been carried out tinder

light anaesthesia shortening of the prothrombin time could not

be elicited on splanchnic nerve stimulation.

De Takats (194-3) has described a "heparin tolerance test"

in vivo in which the clotting times of capillary blood samples

are/
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are measured before, and 10, 20, 30 and 4.0 minutes after the

intravenous injection of 10 mg heparin. In two subjects

given 10~6g adrenaline intravenously at the same time as the

heparin, the clotting times of the blood samples in the

heparin tolerance test were shorter than the mean clotting

time in other subjects (De Takats, 1944.)• The same author

(De Takats, 1950 ) has also described a form of heparin

resistance test in vitro in which the clotting time of a

mixture of 0.1 ml. saline (containing 1 or U x 10~^g heparin)
and fresh whole blood is measured. In 26 patients eosinophil

counts and estimations of clotting time by this test were made

before and four hours after the subcutaneous injection of 0.3

mg adrenaline (De Takats and Marshall, 1952). In all

patients the eosinophil count fell; in eight patients the

clotting time lengthened and in the remaining 20 patients it

shortened. There was thus no correlation between eosinophil

count and clotting time.

Wakim et si. (194.6) report that there was no change in

Quick's prothrombin time using 12.5$ plasma between, before

and two to 20 minutes after the intravenous injection of 1 to

50 x 10~6g adrenaline/kg. Experiments were made both in

healthy dogs and in dogs treated with dicoumarol, A

shortening of Quick's prothrombin time for 15 minutes after

the intravenous injection of 1 to A x 10~^g adrenaline/kg in

man is reported by Liebetseder (1951)• Tropeano and Scotto

(1951) measured the Lee and White clotting time, the calcium

time and the prothrombin time in 10 patients before and 20

and./
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and 4-0 minutes after the intramuscular injection of 1 mg

adrenaline. There was a shortening of the Lee and White

clotting time and the calcium time, but a lengthening of the

Quick's prothrombin time. Morrice et al. (1952) report a

shortening of Lee and White clotting time in glass tubes and

a fall in protamine titre half an hour after the suboutaneous

injection of 0.3 mg adrenaline in a single healthy subject.

AfC.T.H. in vivo and Blood Clotting

Many studies of the effect of A.O.T.H. or cortisone on

blood clotting have seen made, but the conclusions differ

widely.

A lengthening of clotting time in man has been reported

by Momta et al. (1950) and Smith et al. (1950), and in dogs by

Cheymol and Leroux (1954) * Hbnto et al. (1950) and Smith et

ale (1950) report the changes in clotting time in three

healthy subjects and 18 patients with eye conditions receiving

A.C.T.H. or cortisone. In the patients none of the many

clotting tests employed showed consistent changes} in the

three healthy subjects a single intramuscular injection of

20 ag A.C.T.H, produced within four hours a lengthening of the

Lee and White clotting time, and an increase in the protamine

titre of heparin and heparin-like substances as measured by a

modification of the technique of Allen et al. (1949). There

was a lengthening of both 12.5$ and 100$ plasma prothrombin

time3 and a fall in eosinophil count to less than 50$ of the

pre-injection count. The clotting times had returned to

control level by eight hours after A.C.T.H. In view of these

results/
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results, McGraw et al. (1952) gave A.C.T.H* treatment to 13

patients with venous thromboses. Dosage varied from 100 to

500 mg/day given intramuscularly in 20 to 25 rag doses for one

to eight days. In the patients from this group in whoa

clotting times were estimated, the changes resembled those

reported above, that is, A.G.T.H* caused an increase in

protamine titration and a lengthening of whole and dilute

plasma prothrombin times. Cheymol and Leroux (1954-) found

that the administration of A.C.T.H. or cortisone was followed

by a lengthening of clotting time in dogs but not in man.

For six to twelve days dogs were given twice daily sub¬

cutaneous injections of A.C.T.H. or cortisone in doses per

kilogram body weight corresponding to therapeutic dosage in

nanj blood samples for clotting tests were withdrawn each

day immediately before the second injection. The blood

samples were obtained by puncture of the saphenous vein

through shaven skin} neither general nor local anaesthesia

was employed. The changes in clotting time during

administration of cortisone were less than those during

A.C.T.H, administration but both were associated with a

lengthening of the clotting time in the Waugh-Ruddick test

(l9A£a, as modified by Soulier and Le Bulloch, 1950), increase

in the protamine titre (Allen et al.. 19A9) and lengthening of

Quick's prothrombin time. These effects were present from a

few hours after the first injection till 4-8 hours after the

last. In vitro the A.C.T.H. and cortisone concentrations

estimated to have been attained in the blood in vivo did not

alter/
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alter clotting time in any of the tests made.

Many workers have reported a shortening of clotting time

after A.C.T.H. or cortisone. During the administration of

A.G.T.H. or cortisone, Gosgriff et al. (1950) report a shorten-
.

ing of the Lee and White clotting time in 8 out of 10 patients

and clotting time in the Waugh-Euddick test (1944a) in

four out of six patients tested. These effects were present

by 24 hours after the start of daily intramuscular injections

of 100 mg A.C.T.H, or 100 mg cortisone and persisted until the

treatment stopped. In 11 patients tested there was no change

in the Quick's prothrombin time test using commercial rabbit

thromboplastin or the protamine titration (Allen et al.. 1949)

and, in six patients tested, no change in the "fibrinogen B"

estimation (Cumiaine and Lyons, 1948), In the same paper 11

thromboses are reported in 175 patients given therapeutic

courses of A.G.T.H. or cortisone for various conditions.

A subsequent paper reports 40 thromboses developing in 28 out

of 700 patients treated with A.G.T.H, or cortisone, (Gosgriff,

1951), Gosgriff admits that comparative data which would

indicate the relative incidence of thromboses in a similar

group without treatment are not available but he reports a

correlation between the incidence of thromboses and the

dosage of A.G.T.H. or cortisone. Thromboses appeared to be

more likely to develop in patients with a history of previous

throabo-embolic disease; four patients who gave a history of

previous venous thrombosis or pulmonary embolism had a

recurrence during treatment with A.C.T.H. or cortisone.

Another report of thromboses occurring during A.C.T.H. or

cortisone/
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cortisone treatment is in five patients of Coste et al. (1951X

ELsermtenger et al. (1952) ascribe portal thromboses in three

patients \fith cirrhosis of the liver to A.O.T.H. treatment.

They also report short Lee and White clotting times in these

three patients despite long prothrombin times and low platelet

counts secondary to chronic liver disease. Godlowski (1951)

gave one patient 30 mg and another 4.5 rag A.C.TJI, He reports

that four hours later the Lee and White clotting tirae had

shortened from 14. to 10 and from 16 to 10 minutes respectively.

In another patient given 20 rag cortisone the clotting time

shortened from six to four minutes over the same period.

Garrett (1951) reports clotting times in five patients

receiving A.G.T.H. or cortisone. He states that there was a

shortening of clotting time both in the Lee and White clotting

time test in glass tubes and in the clotting time of

recalcified plasma samples in the presence of heparin added

in vitro. Chevallier et al. (1951a) studied the calcium

time of dilutions of citrated plasma from a patient receiving

cortisone. They report an initial shortening of clotting

time followed by a lengthening. Tsevrenis and Karali (1953)

report a shortening of the Lee and White clotting time and

the clotting time in the Waugh-Ruddick test (19A/a, as modi¬

fied by Soulier and Le Bulloch, 1959) three to five hours

after the intramuscular injection of 75 rag cortisone in two

subjects. Six hours after injection the clotting time had

returned almost to control level. There was no change in

Quick's prothrombin time or in the fibrinogen concentration.

The/



The clotting time showed no change in three subjects three and

six hours after an injection of saline. Bounaseaux (1954a)

withdrew blood samples from 22 rabbits on two occasions

separated by seven days. During this seven day period, 11

of the rabbits received 7.5 mg cortisone/kg daily. The

clotting time of the blood samples was measured by the

dilution technique of Ghevallier et al. (1951b) and by the

Waugh-Ruddick test (1944a, as modified by Bounameaux, 1954a).

There was no significant difference in clotting time of the

second blood samples betwee rabbits which had and had not

received cortisone.

In two well-controlled studies, A.C.T.H. is reported

to have had no effect on clotting time in man (Fahey, 1951,

Cheymol and Leroux, 1954)* Fahey (1951) noted that the

reports of Smith et al, (1950; p. 89) and of Cosgriff et al.

(1950; p. 89) conflicted primarily on the findings in whole

blood clotting time tests. In glass tubes at room

temperature he measured the Lee and White clotting time of

blood samples withdrawn by two-syringe technique (Appendix,

p. 8). The intravenous infusion over eight hours of 20 mg

A.C.T.H, in 500 ml, saline in a healthy subject was accompanied

by a fall in eosinophil count to zero, while the clotting time

remained unchanged. Similarly in six patients no change in

clotting time was observed at the end of the eight hour admin¬

istration period or four hours thereafter. During intramuscul¬

ar injections in three patients of 25 nig A.C.T.H, followed by

10 mg every six hours, the clotting time was determined at 0,

four/
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4, 24 and 48 hours and no significant change was observed.

Measurements of clotting time in each of four patients were

made on several occasions during two or three weeks' courses

of intramuscular injections of A.C.T.H, No alteration in

clotting time was observed although all patients are reported

to have given a clinical response suggesting that the A.C.T.H.

was activej they also all showed an increase in the urinary

17-ketostsroid excretion (p. 15)» The experiment of Oheymol

and Leroux (1954) in man followed the design of Ingram and

Armitage (1952) in which each subject also serves as his

own control subject. The seven subjects were given either

25 ag A.C.T.H. or 50 mg cortisone divided into twice daily

subcutaneous injections for eight days. No changes were

observed in Lee and White clotting time, clot retraction

(Leroux, 1953), platelet count, Quick's prothrombin time,

fibrinogen concentration, Waugh-Ruddick test (1944a, as

modified by Soulier and Le Bulloch, 1950), or "tromexan

tolerance in vitro" (Delia Santa and Von Kaulla, 1951)•

De Takats and Voigt (1953) report the changes in dotting

time and eosinophil count four hours after the intramuscular

injection of A.C.T.H. The clotting times of 1 ml. samples of

fresh whole blood were measured in glass tubes to which 1 to

4 x 10~6g heparin was added (De Takats, 1950). The authors

divide the clotting time responses in 41 patients into three

groups:

(1) Lengthening of clotting time by more than 15% of the

control clotting time in the same subject (11 patients)}

(2)/
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(2) lengthening of clotting time by less than 15$ (20

patients);

(3) shortening of clotting time (10 patients).

In nine healthy subjects tested in the same way as the

patients, the clotting time always lengthened, although in

three of them the degree of this lengthening was less than

15$.

The following calculations can be made from the clotting

times and eosinophil counts which are given in the paper (De

Takats and Voigt) as percentage changes from the readings

before A.C.T.H. in the same subject.

Change in
clotting
time

Mean $
change in
eos. count

Correlation between
change in c.t. and
change in eos, count

Lengthening 15$ - 59$ r •* 0.91, on 10 d.f.
1 < 0.01

Lengthening 15$ - 49$ r » 0.4$, on 19 d.f.
0,02 < £ < 0.05

Shortening - 33$ £ •* 0,75, on 9 d.f.
£ < 0.01

Healthy subjects - 43$ r «■ 0.61, on 8 d.f.
0,05 <P

Pooled correlatioi
( all 50 p

l coefficient
lirs )

r - 0.59, on 45 d.f,
P <0.01

The degree of fall in eosinophil count was thus inversely

related to the degree of lengthening of clotting time.

Both/



Both a rise and a fall in the platelet co-ant have been

reported following the administration of A.C.T.H, Koller and

Zollikofer (1950) report rises in platelet count of 18 to 115#

in patients following the intravenous injection of 25 mg

A.C.T.H. In one patient the maximum rise in platelet count

did not occur till 2/+ hours later but in the majority of

cases it was attained by five to nine hours after injection.

Gheymol and Leroux (1954.) were unable to repeat the findings

of Koller and Zollikofer and believe the effect reported was

due to badly controlled methods of platelet counting. A

rise in platelet count coincided with thrombosis in a patient

of Goste et al. (1951) receiving cortisone. A fall in plate¬

let count after A.G.T.H. has also been reported (Lauridsen

et al.. 1952J Warren et al.. 1953)* In the 1952 paper, 25

to 100 mg A.G.T.H. was given intramuscularly to normal

subjects. Falls of platelet count maximal two to four hours

after injection are reported. Increase of dose up to 80 mg

is said to have been followed by a greater degree of fall in

count. A figure illustrating the results of the 1953 paper

shows the changes in platelet count in three subjects followic

the intramuscular injection of 80 mg A.C.T.H. The fall in

platelet count in one subject appears to have been as great

as 4.3# of the initial count. When a single subject

was given an intravenous infusion of 90 mg A.G.T.H. over

a ?2-hour period at a decreasing rate (so that he

received 4.5 mg in the first 24. hours, 30 mg in the second

24. hours and 15 mg in the third) the platelet count fell

for four days and slowly returned to normal level in the

second/



- 95 -

second week; there was also a fall in eosinophil count

which was maximal in four hours and persisted for six days.

In seven healthy adults Fearnley and Bunim (1951)

measured serum protein, haematoorit and plasma fibrinogen

levels two and four hours after a single intramuscular

injection of 4-0 nig A.C.T.H. When the alterations in plasma

fibrinogen were considered against those of the serum protein

level and the haematocrit, there was no change in plasma

fibrinogen.

Features of A.C.T.H. Administration in Man

Route of Administration of A.C.T.H.- Most differences in

physiological efficacy of A.C.T.H. are as readily explained

on the basis of different rates of absorption, which depends

on the route of injection and the nature and formulation of

the preparation, as on the basis of a qualitative difference

in the A.C.T.H. present. Bates (1953) compared the potency

of two different types of A.C.T.H. preparations by intravenous

and subcutaneous injection using adrenal ascorbic acid

depletion in the hypophysectomised rat as the criterion of

pot©icy. To produce equivalent ascorbic acid depletion the

subcutaneous route of injection required as much as a hundred

to a thousand times larger dosage than did the intravenous

route. A comparison of the relative effectiveness of the

same total dose of A.C.T.H. given by single and divided

intramuscular dosage and intravenous infusion was made in two

patients by Querido et al. (1951). Effectiveness was judged

by/
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by four criteria - fall in eosinophil count, rise in fasting

blood dextrose, and rise in urinary excretion of reducing

lipids and of neutral 17-ketosteroids. A single daily

intramuscular injection for three day3 was much less effective

than four hourly intramuscular injections or intravenous

infusion for three days. In one patient there was no

demonstrable difference between the results obtained by the

continuous intravenous infusion and by the same total dose

divided over 18 intramuscular injections at four hourly

intervals. In the other patient the infusion was the more

effective. Gordon et al. (1950) compared the effectiveness

of the same total dose of A.C.T.H. given intramuscularly

six-hourly and by intravenous infusion for eight to 10 hours.

Twenty-four hour excretion of steroid compounds and eosinophil

counts were used as indicators of A.C.T.H. activity. The

intravenous route is reported to have been eight to 20 times

more effective.

Ifetabolic Actions and Fate of A.C.T.H.- Sayers et al.

(194-9) studied the metabolic actions and fate of intravenously

administered A.C.T.H. in two healthy fasting young men. The

first subject, M.L., received 100 mg A.G.T.H. (as Armour

standard L-A 1-A) in 200 ml. saline. The duration of

infusion was one hour but approximately 1% of the total

amount of A.C.T.H* was given at a constant rate during the

second half-hour. The second subject, M.J,, received 50 mg

A.C.T.H., also in 200 ml. saline, but the entire 200 ml, was

infused at a constant rate over half an hour.

Fasting/



Fasting blood dextrose and blood pressure were not

altered by A.C.T.H. The sequence of changes reported by the

authors in plasma and urine sodium, chloride and potassium,

urine 17-ketosteroids, nitrogen and uric acid was such that

the secretory activity of the adrenal cortex appeared to them

to reach a maximum by the third hour after A.C.T.H*

administration and to return to pre-treatment activity by the

sixth hour. On the other hand, most of the alterations in

metabolic constituents reached a maximum deviation from pre-

treatment level at the sixth hour; the values had returned

to normal by the twelfth hour.

The lymphocyte counts (per mm) two hours after uhe

beginning of the infusion were 20% (M.L.) and 4-0% (H.J.) of

the initial control count and this low count continued for

several hours. The eosinophil count also fell but the

minimum level (of almost zero in both subjects) was not

attained for six hours. Despite these falls the total

leucocyte count was elevated because of a rise in the

neutrophil polymorph count.

The changes described were as large and as prolonged in

Subject M.J. as in Subject M.L.

Sayers et al. measured the plasma A.C.T.H. level in their

two subjects by the adrenal ascorbic acid depletion method of

Sayers et al. (1948). They report that this rose from less

than detectable to ca 5 (M.L.) and 3 x ICT^g/lOO ml. (M.J.)

after one hour, had fallen to £& 5 (M.L.) and 3 x lCf^g/100 ml,

(M.J.) by two hours,and was again less than detectable at
three/



three hours. Negligible quantities appeared in the urine.

Although Sayers et at. reported the rapid disappearance of

A.C.T.H. from the plasma in their two subjects it is not

possible (from their data) to determine accurately the

disappearance rate in man because of the us© of prolonged

infusion technique.

Greenspan et al. (1950) studied the disappearance rate of

A.C.T.H. from rats' plasma after single rapid intravenous

injections. The level of A.C.T.H. fell in a logarithmic

fashion against time, the half-time of disappearance being
-

five and a half minutes. From the extrapolated plasma

A.C.T.H. level at zero time they obtained 33me indication of

the immediate removal of A.C.T.H. from the plasma in the

following way. The expected A.C.T.H. concentration in the

plasma at zero time would be approximately 417 x lCT^g/ml.
plasma (plasma volume estimated from body weight). The

extrapolated value at zero time was estimated to be 24- x 10"^
g/ml, plasma so that only 6% of the injected dose could be

found in the plasma at zero time. From their work the

authors did not find it possible to suggest whether this

rapid disappearance represents an immediate inaetivation

process, an adsorption effect, or the distribution of the

A.C.T.H, in body fluids.

Gemzell et al. (1951) confirm the findings of Greenspan

et al. and conclude that the A.C.T.H. space is U3% of the

body mass.

Effect/
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Effect of A.C.T.U. on Plasma 17-Hydroxycorticosteroid

Activity.- Bayliss (1955) reports that in normal subjects a

continuous intravenous infusion of A.C.T.H. calls forth a

rapid rise in 17-hydroxycorticosteroid concentration (p. )

to the peripheral blood within 15 to 30 minutes of starting

the infusion and reaches a maximum in about an hour if the

infusion is continued. When the infusion is stopped the

plasma corticosteroid concentration falls and within two to

three hours has returned to the pre-infusion level.

It has been reported that the administration of 15 «tg

A.C.T.H. by intravenous infusion over 24. hours raised the

17-hydroxycorticosteroid level to 4 x lCT^g/ioo ml. plasma

while 5 mg> administered in the same way over the same

period, raised the level to 3 x lcT^g/100 ml. (Nelson et al..

1951).

Dosage of A.C.T.H. and Eosinophil Cell Count.- (Also

see p. io ) • Gemzell and Franksson (1953) have reported that

an increase in the blood level of 17-hydroxycortieosteroids

to 1.5 x icr5g/100 ml., decreased the eosinophil count to 50%
"5

while levels of 2.5 x 10 g/100 ml. or more reduced the count

to zero. They point out that since a maximum fall in eosino¬

phil count was produced by relatively small quantities of

adrenocortical steroids, the measurement of the change in

circulating eosinophils in response to adrenocortical

stimulation is of only limited value. It can be assumed

that both the doses of A.C.T.H. given by Nelson et al. would

have reduced the eosinophil c ount to zero. Mcintosh and

Holmes/
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Holmes (1951) Have reported that while a fall in eosinophil

count is an indication that the adrenal c ortex has been

stimulated, it may not indicate that the degree of stimulation

is maximal. They studied the effect of A.C.T.H. given by

intravenous infusion in two subjects by observing the fall in

eosinophil count and rise in 17-ketosteroid excretion in the

urine. To one subject doses of A.C.T.H. were administered

by intravenous infusion over 24. hours every five days;

observations were made with doses of 0, 2.5, 5» 10, 20, 4-0,

80 and 160 mg. A dose of 5 mg over 24- hours (0,21 mg/hour)

resulted in almost complete disappearance of eosinophil cells

and the 17-ketosterold excretion was significantly increased;

the excretion of 17-ketosteroids increased steadily with

doses of A.C.T.H, of 5, 10 and 20 mg per 24. hours. A.C.T.H.

in dosage of 20 mg given intramuscularly every six hours

produced only a slight effect on eosinophil count and on 17-

ketosteroid excretion. To the other subject a fixed dose

(20 mg) of A.C.T.H. was given by intravenous infusion but the

length of time taken to give this was varied from one minute

to 24. hours. It was shown that no effect was obtained with

the one minute infusion and a progressively increasing effect

with the three and six hours' infusions; the full effect was

obtained only when the A.G.T.H, was given for 12 or 24- hours.

These results suggest that there is a minimum dose of A.C.T.H.

(5 to 10 mg) which, given intravenously over 24. hours, will

produce a maximum fall in eosinophil count and this has been

confirmed by Cape and Cape et al. (p. 10]). A similar finding

to/
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to that of Mcintosh and Holmes is reported by Reaold et al.

(1951) in an experiment in which they gave 20 mg A.C.T.H.

intravenously over one minute. There was no activation of

the adrenal cortex as indicated by the absence of a fall in

eosinophil count or a rise in 17-ketosteroid excretion in the

following six hours. A study designed to relate the dose

of A.C.T.H, infused intravenously to the rate and degree of

the fall in eosinophil count in man has been reported by

Gape et al. (1952) and Cape (1954)» A series of intravenous

infusions of A.C.T.H. was given at various rates by intravenous

drip to each of five patients. To exclude the possibility of

progressive effects, the infusions in any one patient were

made at intervals of three to five days. The amount of

A.C.T.H. infused differed in each infusion in the same subject
■* * ' < -f f

but the volume of % dextrose water diluent was always between

800 and 1000 ml. and all infusions were given over eight

hours. The total amount of A.C.T.H. given varied from 0.4 to

20 mg and this \fas expressed as milligrams per hour. During

each infusion eosinophil counts were made at intervals of

three to five days.

The results in each subject are presented in the form of

graphs showing, plotted against time in hours, the percentage

change in eosinophil count from the count immediately before

starting the infusion. The authors describe three grades of

response of eosinophil count related to the dose of A.C.T.H,

Infusedj no progressive fall in eosinophil count occurred

when dextrose water alone was given or when the dose of

A.C.T.H./



102 -

A.C.T.H. was 0.05 mg/hour. All dosages of 0.25 mg/hour or

greater produced a fall of 50% or more in eosinophil count

within four hours. Once any patient was given a fully-

effective dose further increases in dose did not affect the

rate of fall in eosinophil count. An intermediate group

with a range of dosage from 0.075 to 0.175 mg/hour showed an

apparently progressive increase in rate and degree of fall of

eosinophil count with dose.

It is noteworthy that the difference between a non¬

effective dose and a fully effective one was very small and

that the minimum dose which was fully effective varied in five

patients only from 0.10 to 0.25 mg/hour. The authors conclud

that the minimum rate of intravenous A.C.T.H* infusion requir¬

ed to produce a maximum fall in eosinophil count in the

minimum period of time lay between 0.10 and 0.25 mg/hour in

the five patients studied. (As a corollary to this they

suggest that the amount of A.C.T.H. produced by the pituitary

in response to stress, over and above the normal rate of

secretion, must be at least 0.10 to 0.25 mg/hour.) Renold

et al. (1952) have reported in man that the continuous

intravenous infusion of 20 mg of A.C.T.H. over an eight hour

period produces maximal adrenal response as indicated by 17-

ketosteroid production. The average man may be assumed to

weigh 70 kg and to have a blood volume of five litres, which

can be considered fully recirculated every five minutes.

If these assumptions are valid, this would mean that 0.2 mg

is administered every five minutes and the minimal estimate of

A.C.T.H./
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A.C.T.H. concentration in the blood at any one time is about

0.OA mg/lltre of blood. This is of comparable magnitude to

the amount of less than 0,1 rag/litre required to produce

maximal corticosteroid biosynthesis in the perfused bovine

adrenal.

Present Work

Subjects

Observations were made on six healthy male clinical

medical student volunteers, aged between 20 and 22, Numerous

venepunctures had been made in all of them previously when

they had acted as subjects in previous experimental work in

the same laboratory. At the beginning of the series of

experiments, they signed a form in which they consented inter

alia to being given adrenaline infusions intravenously for

experimental purposes. They were not informed whether they

would receive adrenaline or saline on a particular occasion

although they usually immediately recognised the subjective

effects of the active adrenaline; nor were they told that

A.C.T.H, might be the test infusion. Table XX? shows the

infusions which each subject received.

Methods

No attempt was made to record or regulate the physical

or mental activities of the subjects prior to an infusion and

all/
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all subjects had taken lunch within two hours before the

beginning of each infusion. All experiments were begun with

the subject lying on the back on an examination couch for 15

minutes before the first venepuncture, but after several hours

some subjects were allowed to lie on the side. They were not

permitted to eat, drink or smoke during the infusions,

Conversation was discouraged except that they were instructed

to report any subjective symptoms immediately, In the

majority of the experiments the subjects read intermittently

for the first one or two hours and subsequently dosed. The

predominant emotion was of boredom although anxiety, expressed

or evident, was sometimes present at the onset of the subject¬

ive symptoms caused by the infusion of active adrenaline.

The pulse rate and rate of the infusion in drops per

minute were recorded frequently using a stop-watch. Vene¬

punctures were made in the same arm vein proximo-distally.

All clotting times were measured by another observer. The

needle used for the first withdrawal of blood was left in situ

in the am vein and through this saline was infused till the

pulse rate became steady. One or more withdrawals of blood
\

were made during this so-called "preliminary" period of

infusion of saline.

In all experiments, after the "preliminary" period,

saline, adrenaline, or A.C.T.H. was given over a "test" period

of about half an hour usually followed by a further infusion of

saline during the "recovery" period.

The "test" infusion consisted of adrenaline, A.C.T.H, or,

as/
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as control, saline or saline containing adrenaline inactivated

by heat.

Five control infusions were made; in the first {Control

Infusion 1, Table CXI) saline was infused in the "test" period;

in the other four control infusions, saline containing adren¬

aline inactivated by the heat of sterilisation was infused.

To confirm the inactivation of the heated adrenaline, the

infusion rate during the "test" period was increased to more

than three times that used in the infusions of active adrenal¬

ine but no change was seen in the pulse rate or in the blood

dextrose concentration. Six adrenaline infusions were made.

The "test" infusion of active adrenaline was prepared from

"Injection of Adrenaline", B.P, (British Drug Bouses) and
-6

contained 2-6 x 10 g adrenaline tartrate per kilogram body

weight in saline# The duration of the adrenaline infusion

varied between six and 44 minutes. The Rate of infusion of

adrenaline was adjusted so as approximately to double the

pulse rate during the "preliminary period". This rise in

pulse rate was accompanied by uneasiness, sweating and pallor

followed by a striking facial flush in the "recovery" period.

Four A.G.T.H. infusions were made. The "test" A.C.T.H.

infusion contained 12.5-25#0 "mg equiv of Standard LA-l-A" in

saline. This produced no subjective complaints but the

heart rate slowed progressively during the "test" period and

the bradycardia persisted throughout the "recovery" period.

The only other change was a slight pallor developing late in

the "recovery" periods#

The same equipment and technique used in the laevulose

and/
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and dextrose tolerance tests was used in the three types of

infusion experiment. The needles and syringes were coated

with silicone and were dry; fresh equipment was used for

each puncture. All withdrawals were by two syringe techniquei
The 2 ml, of blood in the first syringe was used for dextrose

estimation; in the A,C»T«H, Infusions, direct eosinophil,

platelet, total leucocyte counts and blood films were also

made. Differential leucocyte counts based on a count of 4.00

cells were made from the blood films.

From the second syringe, 10 ml, of blood was transferred

immediately to a silieone-coated glass vessel in ice and vjater.

Within five minutes after withdrawal, this blood was used for

the Lee and White clotting time test. In the last adrenaline

infusion (Adrenaline Infusion 6, Table CXXI) and all the

A.C.T.H. infusions the Cannon-Mendenhall clotting time was

measured. A further 9 ml. from the second syringe was

mixed with 1 ml. of 3.#;« sodium citrate solution. The

citrated blood samples were centrifuged immediately and the

supernatant platelet-poor plasma xms pipetted off and stored

at 4.°C till two hours after the last withdrawal of blood.

The Quick's prothrombin time test, and, in five infusions, the

thrombin clotting time test were then made.

Mean results, usually from the following numbers of

replicate tubes, were obtained in the clotting tests on the

blood samples testedi- Lee and White clotting time in 9 mm

diameter silicone-coated glass tubes, four; in 9 mm glass

tubes, two; in 12 mm glass tubes, two; in 12 mm silicone-

coated/
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coated glass tubes, four? Quick's prothrombin time with

concentrated and/or dilute brain thromboplastin, six to nil?

thrombin clotting time, three. In the clotting tests,

randomised Latin square arrangements were used to eliminate

systematic errors on order of testing.

Clotting times were measured at 37°C except for the

Cannon-Mendenhall clotting time which was measured at 30°C,

The following infusions were excluded from the statistic¬

ally analysed series but the results of the clotting tests

made in each are given in the usual form} in Control Infusion

2 (Table CXII) the only withdrawal of blood during the

"recovery" period was technically faulty? in Adrenaline

Infusion 1 (Table CXVI) the first venepuncture was noted in

retrospect to have been technically faulty although the

experiment was otherwise satisfactory, three weeks later a

technically satisfactory infusion of adrenaline was made in

the same subject (Adrenaline Infusion 2, Table CXVIl). In

Adrenaline Infusion 6 (Table CXII) the saline infused during

the first hour of the "preliminary" period partly run into

the tissues. The needle was removed from the vein and

another infusion begun following a venepuncture in another

vein using fresh equipment. For purposes of statistical

analysis the experiment was considered as having started from

the third venepuncture.

Hot all clotting tests were made on all blood samples but

in view of the results of the laevulose and dextrose experi¬

ments/
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ments interest chiefly centred on the Lee and White clotting

time in silicone-coated glass tubes. The Lee and White

clotting time test in silicone-coated glass tubes and, in the

adrenaline infusions only, the Quick's prothrombin time test

\d.th concentrated brain thromboplastin were the only tests

which showed significant changes.

The silicone-coated glass tube results are shown in

Figs. 3$ A and 5 as clotting times in minutes with the pulse

rates and the blood dextrose concentrations plotted for each

subject as percentages of his mean preliminary period values,

so as to superimpose the results in the preliminary periods

in each subject. (A relative time scale has been used for

the test periods.)

The slopes of the least squares regression lines

calculated from the silicone clotting times in minutes for

the three types of infusions and their standard errors are

given in Table XXVI. In the control experiments, the average

fall in clotting time in silicone-coated glass tubes over the

whole period of observation was negligible (0.4-5 min clotting

time per hour observed; standard error ± 0.86 rain/hour).

The mean of the seven readings of silicone clotting time in

the test and recovery periods (17.03 min) was only 8.2% below

the mean of the six readings in the preliminary period (18.58

min). The pulse rate settled slowly throughout the period of

observation and the blood dextrose concentration remained

steady (Fig. 3)«

In the adrenaline experiments the average rate of fall

w



- 109 - Infusions in Man

Figure 3

Control Infusions
Lee & White clotting times in silieone-coated glass

tubes (min), with pulse rates and blood dextrose concentra¬
tions (as percentage changes from the mean readings in the
preliminary periods) observed in the control infusions.

Control Infusions:- 1, 3, 4, 5«

Notes:
Control Infusion 2 excluded from figure and from
statistical analysis because no technically valid clotting
times in either test or recovery period.
In Control Infusion 1, saline was given during the test
period whereas in the other control infusions adrenaline
inactivated by heat was given.
In order to superimpose the readings from all subjects in
one figure, it was necessary to transform the individual
time scales in the following manner:
(a) Time before test period counted backwards from

beginning of test period.
(b) Time during test period expressed as a percentage of

total duration of test period (this was in order to
superimpose the test periods in each subject).

(c) Time after test period counted forwards from end of
test period.
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Figure k

Adrenaline Infusions
Lee & White clotting times in silicone-coated glass

tubes (min), with pulse rates and blood dextrose concentra¬
tions (as percentage changes from the mean readings in the
preliminary periods) observed in the adrenaline infusions.

Adrenaline Infusions:- 2, 3, 4» 5, 6.

Notes:
Adrenaline Infusion 1 excluded from figure and from
statistical analysis because first venepuncture technically
faulty.
In order to superimpose the readings from all subjects in
one figure it was necessary to transform the individual
time scales in the following manner:
(a) Time before test period counted backwards from

beginning of test period.
(b) Time during test period expressed as a percentage of

total duration of test period (this was in order to
superimpose the test periods in each subject).

(c) Time after test period counted forwards from end of
test period.
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Figure 5

A.C.T.H. Infusions
Lee & White clotting times in silicone-coated gLass

tubes (rain), with pulse rates and blood dextrose concentra¬
tions (as percentage changes from the mean readings in the
preliminary periods) observed in the A.C.T.H. infusions.

A.C.T.H. Infusions:- 1, 2, 3» k.

Notes:
In order to superimpose the readings from all subjects on
one figure it was necessary to transform the individual
tine scales in the following manner:
(a) Time before test period counted backwards from

beginning of test period.
(b) Time during test period expressed as a percentage of

total duration of test period (this was in order to
superimpose the test periods in each subject).

(c) Time after test period counted forwards from end of
test period.
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interesting (p. 117).

A shortening of the Quick's prothrombin time with

concentrated brain thromboplastin was seen only in the

adrenaline infusions. The readings taken at the end of the

test period (the samples showing the greatest effect in the

clotting time in silicone-coated glass tubes) were the

shortest in each of the four adrenaline infusions (Adrenaline

Infusions 2, 3» U and 5) for which readings of Quick's pro¬

thrombin time were available. (in Adrenaline Infusion 1 the

first puncture was technically faulty and in Adrenaline

Infusion 6 there was no reading in the recovery period.)

Where the prothrombin times are expressed as percentage

changes from the mean of the readings obtained from all the

withdrawals in the same experiment, the mean of the four

readings at the end of the test period was - 2.5% and the

mean of the other 12 readings + 1.1%. The difference

between the two means was thus only 3.6%. (Standard error

of difference between the means ± 1.17%, t • 3,00 on 14. d.f.;

I < 0.01.)

In the control infusions the difference between the mean

of the five readings of prothrombin time with concentrated
j

brain thromboplastin near the end of the test period and the

mean of the other 11 readings was 2.10% (Standard error of

difference between two means £ 1.18%, t » 1,78 on 14. d.f. 5

0.05 < P). Readings of the prothrombin time with dilute

thromboplastin were made in the control infusions only. The

difference between the mean of the five readings near the end

of/
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in silicone clotting time was 1.73 min per hour observed}

this, though small, is significant (Standard error & 0.72

rain/hour} t » 2.42 on 18 d.f.; 0.02 < £ < 0.05) and, for

comparison with the laevulose and dextrose experiments,

corresponds to an average rate of fall of about % per hour

observed, from the estimated mean clotting time one hour

before the beginning of the test period.

The mean of the nine readings of silicone clotting time

in the test and recovery periods (15«32 ain) was 14»6$ below

the mean of the 11 readings in the preliminary period (17.95

min). Difference between means t standard error of difference

between means « 2.63 t 0.99 min, t = 2.65, on 18 d.f.}

0.01 <■ P < 0.02. The changes in the pulse rates and in the

blood dextrose concentrations are obvious (Fig. 4) •

In the A.C.T.H. experiments the average rate of fall in

silicone clotting time was 1.19 min per hour observed} this

was also significant (standard error t 0.42 min/hour, t «

2.85, on 27 d.f.} £ < 0.01) and corresponds to an average

rate of fall of about 7% per hour observed from the estimated

mean clotting time one hour before the beginning of the test

period. The mean of the 13 readings of silicone clotting

time in the recovery period (15.02 min) was 13.1$ below the

mean of the 13 readings in the preliminary period (17.27 ain)

difference between means 1 standard error of difference

between means 2.25 * 0.99 min} t » 2.27 on 24 d.f.

0.02 <£ <0.05). Pulse rates and blood dextrose readings

were fairly similar to those observed in the control infusions

(Fig. 5); the pattern of the fall in clotting time is

interesting/
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of the test period and the mean of the other 11 readings was

0.20$ (standard error of difference between two means t 1.78%;

t C 1 on 14 d,f.). The difference in the response in the

prothrombin time test with concentrated thromboplastin between

the control and adrenaline infusions is just not significant

(difference between mean differences = 1.5 - 0.74%J t * 2.03

on 28 d.f., 0,05 < £).
The Lee and White clotting time in glass tubes did not

show the same changes as were seen in the clotting time in

silicone-coated glass tubes. The slopes of the least

squares regression lines calculated from the glass clotting

times in minutes similarly to those obtained for the silicone

clotting times were not significantly different from zero

(Table XXVI).

In the adrenaline infusions the mean of the nine readings

in glass tubes in the test and recovery periods (11.55 min)

was almost the same as the mean of the 11 readings in the

preliminary period (11.56 min).

In the A.O.T.H. experiments the mean of the 13 readings

in glass tubes in the recovery period (11.08 min) was 5.0%

below the mean of the 13 readings in the preliminary period

(11.77 min). (Difference between means £ standard error of

difference between means 0.69 $ 0.46 rain; t = 1.50 on 24 d.f.;

0.05 <£)♦
The clotting time by the Gannon-lfendenhall method was

measured only in Adrenaline Infusion 6 (Table OKI) and in the

four A.C.T.H. Infusions (TablesCXXII-CXXV). There was again

no/
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no obvious change#

In the five experiments (Control 2j Adrenaline Us 5 and

6j A.C.T.H. 1) in which thrombin clotting times were measured

there was no obvious change.

Blood cell counts were made only in the A.C.T.H. infusions

(Fig. 6). Here direct eosinophil platelet and total leuco¬

cyte counts were made and also differential leucocyte counts

based on a count of 4-00 cells on blood films.

The mean eosinophil count in the A.C.T.H. experiments

was 24-5 * 6 eells/sm^ (mean A standard error of 29 readings).
,

Throughout the A.C.T.H. experiments the eosinophil counts

showed a small negative but not significant regression on

time.

The average rate of fall (with standard error of the

mean), as given by the slope of the least squares regression
I

line calculated from the percentage transformation of the

count3 was only 3.3 £ 2.5% of the mean eosinophil count per

hour observed (t = 1.32, on 27 d.f.j 0.05 < £)•

Discission

v

Evidence that Real Effects of Adrenaline and A.C.T.H. on

Clotting Time were observed
'

In these infusion experiments, a statistically

significant shortening of silicone clotting time was observed

when the subjects received adrenaline or A.G.T.H. but not when

they received the control infusion of saline only.

However, none of the subjects had previously received

an/
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Infusions in Man

Figure 6

A. C.T.H. Infusions
Eosinophil counts, platelet counts and lymphocyte counts

(all expressed as cells/mm-^) made in the A.C.T.H. infusions.

/

t

A.C.T.H. Infusions:* 1, 2, 3, 4

Notes:

Lymphocyte counts were not made in A.C.T.H. Infusion 1.
In order to superimpose the readings from all subjects on
one figure it was necessary to transform the individual
time scales in the following manner:
(a) Time before test period counted backwards from

beginning of test period.
(b) Time during test period expressed as a percentage

of total duration of test period (this was in order
to superimpose the test periods in each subject).

(c) Time after test period counted forwards from end of
test period.
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an intravenous infusion and it was feared that an emotional

response similar to that observed on serial venepuncture in

the "laevulose tolerance" experiments might produce a shorten¬

ing of clotting time, especially during a first infusion. To

reduce the chance of this occurring during an adrenaline or

A.C.T.H. infusion and thus being confused with any real effect

of the drug, the control infusion was given first in each

subject* In practice, although individual curves showed a

low point during or after the test period (Fig, 3), there was

no progressive fall in clotting time with serial venepuncture

during the control infusions, thus suggesting the absence of

any emotional response. During the infusions of A.C.T.H,,

the eosinophil count did not fall significantly. It is

clear from the graphs of Gape et al, (1952), Gape (1954-)

(p*10l) that the observations in the present experiment were

terminated before the eosinopaenic response to the infused

A,C.T»H. could be manifest, but, by comparison with the

"laevulose toleranee" experiments which were made in untrained

subjects, there was no eosinopaenic response to the emotional

effect of the experimental procedure.

It must be pointed out that the pattern of the fall in

silicone clotting time in the A.O.T.H. infusions is suggestive

of a simple regression on time rather than of a real effect of

the A.C.T.H. infused (Fig. $)• This suggestion is supported

by a comparison with the pattern of the fall in clotting time

in the adrenaline infusions where the clotting times at the

end of the test period are convincingly grouped together (Fig,

4).

Apart/
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Apart from a doubtful slight pallor developing late in

the recovery periods, there were no clinical changes with

A.C.T.H. However, judging by the reports of Bayliss (p. 99)

and others (p. 95)> the duration of infusion, route of

administration and dose of A.C.T.H, were all suitably chosen

to bring about an increase in adrenocortical secretion.

In the infusions of adrenaline it was obvious that the

immediate clinical effects of the drug were being obtained.

The dosage of adrenaline was sufficient to cause palpitations,

a gross increase in pulse rate, and a rise in blood dextrose

of about 20 mg/100 ml. During an infusion there was marked

facial pallor which changed to a striking flush when the

infusion was returned to saline.

It is therefore thought that the changes in clotting

time observed during the infusions of adrenaline were probably

real effects of the adrenaline given; it is problematical

whether the real effect of A.G.T.II. was observed. Several

possible additional fallacies remain to be considered.

Possible Fallacies in Evidence that Real Effects of Adrenaline

and A.O.T.H. on Clotting Time were observed

Haemodilution in vivo and Blood Clotting.- It has been

reported that dilution of blood or plasma in vitro shortens

clotting time (p.2A7) so it is possible that the rapid

infusion of saline in vivo might produce a shortening of

clotting time by simple dilution of the circulating blood.

Although the shortest clotting time does not occur till

blood is diluted to 60% in vitro, most of the clot accelerating

effect/
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effect of dilution is reported to occur between lOOf, and

70% blood (Tocantins et al.. 1951; p.247), The shortest

clotting time - about 25% less than that of undiluted blood

(Tocantins et al.) - more than covers the maximum degree of

shortening of clotting time observed in the present

adrenalin© infusions which was up to 15% of control clotting

time. To confirm the inactivation of the heated adrenaline

infused in Control Infusions 2, 3* A and 5, the infusion rate

during the "test" period was here increased to more than three

times that used in the infusions of active adrenaline*

Thus haomodilution does not explain the shortening of

clotting time observed in the adrenaline and A.C.T.H. infus¬

ions because in the control infusions, where no shortening of

clotting time occurred, the rate of saline infusion was

highest.

Ascorbic Acid in vivo and Blood Clotting.- Ascorbic acid

was added as a preservative only to the infusions of adrenalin©

and could have been responsible for the effects on clotting

time attributed to adrenaline.

Berquist (194-5) has reported a clotting test technique

("thrombin effect") in which is measured the clotting time of

citrated plasma to which clotting native blood from the same

patient is added. The clotting time of the clotting blood-

citrated plasma mixture depends approximately on the amount of

thrombin formed in the dotting blood before its addition to

the serum. The results of this test would thus approximately

correspond to a single point on a thrombin generation curve

in/
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in a thrombin generation test (Macfarlane and Biggs, 1953)•

In 20 patients of Berquist the clotting time was

significantly shorter after than before saturation with

ascorbic acid by mouth. However this saturation took usually

a week to occur and the results of tests over shorter time

periods are more germane to the present study.

Fifteen minutes after the intravenous injection of 500 mg

ascorbic acid in 20 subjects previously saturated with the

vitamin, there was no significant change in the clotting time

as measured by the "thrombin effect" test,
.v. 'V V

In 16 subjects not previously saturated, the clotting

times before and 10 minutes after the intravenous injection of

1000 mg ascorbic acid did not differ significantly.

It is thus unlikely that the shortening of clotting time

in the adrenaline infusions was due to the action of the

ascorbic acid present. Furthermore, in the present study

there was no shortening of clotting time in the calcium time

or heparin resistance tests in the presence of ascorbic acid

added in vitro.

Lioaemia in vivo and Blood Plotting." The subjects tested

in the laevulose and dextrose experiments had all fasted since

the previous evening. On the other hand, all subjects had

taken lunch within two hours before the beginning of each

intravenous infusion.

It has been reported that fat-feeding shortens the Lee

and White clotting time in silicone-coated glass tubes

(Fullerton et al.. 1953) and this lipaemia might have been

responsible/
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responsible for the shortening of clotting time observed in

the adrenaline and A.G.T.H, infusions.

Macfarlane et al. (1941) reported that when human or

horse plasma, either citrated or oxalated, was either centri-

fuged at 25*000 rev/min for 2-3 hours, or extracted for 24-4.8

hours with carbon tetrachloride, it did not clot after

recalcification and the addition of Russell viper venom

although it still remained coagulable by thrombin. If,

however, either lecithin in 104 suspension, the cream from

the top of a milk bottle or the fat which rises to the top in

centrifuged plasma was added, the clotting time returned to

the normal for the amount of Russell viper venom added.

It is, however, not justifiable to conclude from these

observations that chylomicra, which constitute much of the

fatty material separated by centrifugation, play a part in

normal coagulation, since an abnormal coagulant substance

might be produced by the interaction of chylomicra with

Russell viper venom.

Poole (1955) has reported some simple experiments

suggesting that the removal of particulate fat from citrated

plasma alters its clotting time on recalcification. He

observed that when citrated plasma which had already been

centrifuged at 400 rev/min for 30 min to remove platelets was

further centrifuged at 16,000 rev/min for one hour, its

calcium time was increased from one and a half to two and a

half times. This defect was corrected by the addition of a

washed chylomicron suspension. Evidence is also presented

which suggests that this change was not connected with the

removal/
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removal of platelets by centrifugation.

Waldron et al. (1951) using collodion-coated tubes were

the first to report a shortening of the whole blood clotting

time in man after the ingestion of cream. This report was

subsequently invalidated when Tulloch et al. (1953) were able

to elicit the effect when the same syringe was used for

successive withdrawals of blood but not when a fresh syringe

was used for each withdrawal.

Fullerton et al. (1953) used two clotting tests in

different groups of patients.

In eight patients, after the feeding of 12 to 30 g fat

there was no change in the prothrombin time using Russell

viper venom ("Stypven")• In eleven patients given 65 or

85 g fat in the form of a breakfast of bacon, eggs, bread and

butter, the prothrombin time shortened; the maximum degree of

shortening occurred about four hours after the meal and thus

at the height of the lipaemia (Levy et al., 1952).

The mean shortening after the meal of 65 g fat was about

20$ of control prothrombin time; after 85 g fat it was about

4,0$. The effect was not present when the thromboplastin used

in the prothrombin time test was in the form of an acetone-

dried extract of rabbit brain (quick, 1938) or viper venom

plus ovolecithin (Witts and Kobson, 194-0). The Lee and

White clotting test at 37°C in tubes coated with a silicone-

like substance ("Teddol") was used in the remainder of the

study. A needle without a syringe was used for withdrawing

the blood and the first few millilitres withdrawn were used

only for the macroscopic estimation of the degree of lipaemia.

Two/
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Two replicate readings of clotting time were made at each

withdrawal and clotting times were measured to the nearest

five minutes. In four patients three hours after a meal of

80 to 85 g fat the mean clotting time was only $0% of the mean

clotting time when fasting. At three hours macroscopic

lipaemia was present in every patient.

In 11 patients the same type of experiment was extended

to include readings at three, three and a half and four hours

after a meal. In nine patients in whom macroscopic lipaemia

occurred, the clotting time shortened. In two patients in

whom there was no macroscopic lipaemia three, three and a

half and four hours after the meal, there was also at these

times no shortening of clotting time.

Observations were also made in nine patients before and

after an ordinary breakfast (fat content 12 to 30 g). A

shortening of clotting time is reported in only one patient

and this was the only patient in whom macroscopic lipaemia

was present.

Because Fullerton et al. (1953) reported that 65 and 85 g

of fat decreased silicone clotting time whereas 12 to 30 g in

eight out of nine patients had no effect, the failure of

Tulloch et al. to detect a shortening of clotting time may

have been caused by the small amounts of fat (12 g) given.

However,, Manning and Walford (1954-) were unable to repeat

the work of Fullerton et al. They withdrew blood samples

using silicone-eoated syringes before and one, two, three and

four hours after ingestion of fat. Observations were made of

Lee and White clotting times at 38°Cj clot retraction (Biggs,

1952/
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1952) J and prothrombin consumption (modification of QuickC

1935 method by Frommeyer and Epstein, 1952). No changes in

clotting time were reported in three groups of four patients

given 29, 48 and 96 g fat respectively in the form of 240 ml.

of 12, 20 and 404 cream.

The effect reported by Fullerton et al. was still not

elicited when blood samples were taken direct from the needle

into the clotting tubes and when 18 patients were given the

same type of meal U3ed by Fullerton (85 g fat as butter-egg-

bacon) •

It is unlikely that the shortening of silicone clotting

time observed in the adrenaline and A.C.T.H. infusions of the

present study was due to lipaeaia because:

(a) Manning and Walford have failed to confirm the shortening

of clotting time reported by Fullerton et al.

(b) Fullerton et al. reported that 65 and 85 g of fat

shortened clotting time whereas 12 to 30 g had no effect.

All the present infusions were carried out in the afternoon

and it is unlikely that any of the subjects received more than

30 g fat for lunch.

(c) In the present study a similar degree of lipaemia was

presumably present in the subjects when they received their

control Infusions and these were not accompanied by a shorten¬

ing of clotting time.
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E4gt of Infusions made

P? xxy

Subject

~ — -

Series, number in series and table number

Control Adrenaline A.C.T.H.

T.S. (1)
CXI

(3)
CXVTII

(1)
CXXII

A.II. Hot done (1) j
cm

(2)
crai

(3)
CXXIV

R.H. (2) 4
CXII

U)
CXIX

Wot done

I #H. (3)
CXIII

(5).
cxx

U)
cxxv

I.T. U)
cnv

Mot done (2)
CXXIII

I.L. (5)
cxv

(6)
cm

Not done

$ Excluded from statistical analysis because
first venepuncture technically faulty.

4 Excluded from statistical analysis because
third venepuncture technically faulty.
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JBB&atog la IfeB'

Linear Regressions ( by method of least squares )

of Lee & White Clotting Times on Time for Data from

Infusions in Man.

( expressed as minutes clotting time/hour observed )
with standard error

Infusion Silicone-coated

glass tubes

Glass tubes

Control - 0.45 ± 0.86

( t <1 on lld.f.)

- 0.44 4 0.33

( t = 1.34 lld.f. )

Adrenaline - 1.73 4 0.72

( t 3 2*42 on 13d»f. )

X

♦ 0.71 4 0,58

( t = 1.22 on 18d,f» )

A.C.T.H. • 1.19 ± 0.42

( t a 2.85 on 27d.f. )

mi

- 0.38 t 0.22

( t « 1.71 on 27d.f, )

Significance of regressions

«* PcO.Ql
* 0.01 <P <0.05
Other coefficients 0.05 <P



CorrelationsbetweenLee&Whiteclottingtimesinglasstubes,Lee&Whiteclottingtimes insilicone-coatedglasstubes,andCannon-Mendenhallclottingtimesinindividual infusions

Number

Correlationbetween

Table

Infusion

Subject

of paired readings
LeeStWhite inglas3and insilicone
Lee&White inglass andC-Mtime
LeeStWhite in silicone andC-Mtime

cm

Adrenaline6
I.L.

6

+0.03

-0.58

-0.16

cmI

A.C.T.H.1

T.S.

a

+0.31

+0.28

♦0.54

CXHXI

A.C.T.H.2

I.I.

a

+0.A1

+0.54

♦0.45

cxxiv

A.C.T.H.3

A.H.

a

+0.74

+0.79

♦0.60

CXXV

A.C.T.H.4

I.H.

5

+0.86

+0.80

+0.66

Pooledcorrelationcoefficients
*i

r=+0.54

r-♦0.44

*

r=+0.45

(all35pairs)

(t=3-45 on29d.f.)
(t=2.66 on29d.f.)
(t=2.69 on29d.f.)

Significanceofcorrelations(formorethan10pairs->nly) se*P<0.01 *0.01<P<0.05 Othercoeffs0.05<P
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Correlation Coefficients between results of Clotting;
Testa (cont'd)

Correlation between Cannon-Mendenha.il clotting

tine and Quick's prothrombin time in individual

infusions

We XTOI

(1) Using concentrated brain thromboplastin

Table Infusion Subject Paired Correlation
readings coefficient

cm Adrenaline 6 I .L# 5 + 0.05

CXXII A.C.T.H, 1 T.S, 8 + 0.22

Pooled correlation r = + 0.15

coefficient (all 13 pairs) ( i<i )

(2) Using dilute brain thromboplastin

Table Infusion Subject Paired Correlation
readings coefficient

cxn Adrenaline 6 I.L. 6 + 0.A5

Cffll A.C.T.H, 1 T.S. 7 + 0.A2

emu A.C.T.H. 2 I.T, 7 + 0.26

CXXIV A.C.T.H. A I .H. 5 + 0.30

Pooled correlation 3p = + 0.2A

coefficient (all 25 pairs) ( i<i )
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LSUCOTQMY EXPERIMENTS

It has been suggested that repeated venepunctures in

persons not habituated to them provide a cumulative noxious

experience which progressively stimulates the pituitary-

adrenal system (p»69 ). If this hypothesis is valid, the

response to serial venepuncture might differ in the same

untrained subject before and after pre-frontal leucotomy.

It was thought that before leucotomy the clotting time might

shorten progressively during repeated venepunctures and that

this response might be absent after the operation.

Subjectp

Observations were made in two female patients (Subjects

M.S. and E.L.) both before and a month after the surgical

operation of pre-frontal leucotomy which was carried out on

the recommendation of Sir David Henderson. Neither patient

was habituated to venepuncture. Unlike the laevulose and

dextrose tolerance test subjects they had breakfast before the

test and were not given any sugar after the first withdrawal

of blood. Both patients were expected to resist venepuncture

and one arm was therefore back-splinted 15 minutes before the

first venepuncture. Subject E.L. remembered the pre-leucotomy

test immediately the post-leucotomy test began but Subject

M.S. gave no sign of recognition.

Methods/
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Methods

■. *
.

Clotting times were estimated on five blood samples

withdrawn at half-hour intervals. The needles and syringes

were coated with silicone and were dry; fresh equipment was

used for each puncture. All withdrawals were by two-syringe

technique. The 2 ml. of blood in the first syringe was used

for dextrose estimation and for direct eosinophil and plate¬

let counts; in the two po3t-leucotomy experiments total

leucocyte counts and blood films were also made. Differen¬

tial leucocyte counts based on a count of 4-00 cells were made

from the blood films. Prom the second syringe 15 ml. of

blood was immediately transferred to a silicone-coated glass

vessel in ice and water. Within five minutes after withdraw¬

al, this blood was used for the Lee and White and Cannon-

Mendenhall clotting time tests. A further 9 ml. from the

second syringe was mixed with 1 ml. of 3.0$ sodium citrate

solution. The ciirated blood samples were centrifuged

immediately and the supernatant platelet-poor plasma was

pipetted off and stored at 4°C till two hours after the last

withdrawal of blood. The Quick's prothrombin time test and,

in the two pre-leucotomy tests only, the thrombin clotting

time test, were then made.

Mean results from the following numbers of replicate

tubes were obtained in the clotting tests on each blood

samplej- Lee and White clotting time in small (9 mm) and

large (12 mm) diameter silicone-coated glass tubes, four

each; in 9 and 12 mm diameter glass tubes, two each; Quick's

prothrombin/
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prothrombin time with concentrated and/or dilute brain

thromboplastin, six to fourj thrombin clotting time, five

or four. Clotting times, other than Cannon-MenderJiall

clotting times, were measured at 37°C. In all these tests,

randomised Latin square arrangements were used to eliminate

systematic errors on testing.

Results

There were no obvious changes in any of the tests made.

Comment

The finding that there were no obvious changes in any of

the teats may have been caused primarily by the small number

of experiments. The series of experiments was discontinued

because each withdrawal of blood was carried out during strong

physical resistance by the patient. An alteration in the

response to the test might have been caused by thi3 resistance

or by any attempt to overcome it by heavy sedation or by

physical restraint.



CorrelationbetweenLee&Whiteclottingtimesinglasstubes,Leo&Whiteclottingtimes insilicono-coatedglasstubes,andCannon-Mendenhallclottingtimesinindividual subjects
Table

Subject

Before or after Leucotomy
Number of paired readings

Correlationbetween
Lee&Whits ingLassand insilicone
Lee&White ingLass andC-Mtime
LeeStWhite insilicone andC-Mtime

CXTO exxra CXXVIII cxxix

M.S. E.L<

before after before after

5 5 4 5

+0.57 +0.60 +0.50 +0.32

+0.68 -0.96 +0.67 +0.78

+0.69 -0.53 ♦0.79 +0.73

Pooledcorrelationcoefficients (all19readings)
r=+0.36

(i=1.46 on14d.f.
)

r=+0.38
(1=1.53 on14d.f.)

r=+0.20 (t<1)

Significanceofcorrelations(formorethan10pairsonly) P<0.01

x0.01<P<0.05 Othercoeffs0.05<P
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ANIMAL EXPERIMENTS

The object of the present stucty- In animals was to repeat

the adrenaline and blood clotting experiments of W.B. Gannon

et al. using both their method of measuring clotting time

("Cannon-Mendenhall method") and the Lee & White clotting

time test.

Previous Work

Work of W.B. Cannon and associates

Between 191^ and 1916 a series of nine papers with the

general title, "Factors Affecting the Coagulation of the

Blood", appeared in the American Journal of Physiology. This

series was published fram the Harvard Department of Physiology

and was largely promulgated by W.B, Cannon who later made the

results of the study one of the corner-stones of his theory of

"homeostasis".

In seven of their series of papers, Cannon et al. measured

the clotting time by a special "eoagulometer"; in the

remaining two papers other more conventional contemporary

clotting tests were employed. The Cannon-Mendenhall

coaguloroeter records in effect the resistance offered by a

column of fresh whole blood to the movement through it of a

copper wire. The time taken from withdrawal of the blood to

the first evidence of a definite resistance on half-minute

trials represents the clotting time. A replica of this

coagulometer /
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eoagulometer was cons true ted for use in the present study and

is described in the appendix (p. 14 ). The Cannon-Mendenha.ll

coagulometer was the only means of measuring clotting time

which was employed in the seven papers in the series reporting:

"The Hastening or Retarding of Coagulation by Adrenaline

Infection"j "The Hastening of Coagulation by Stimulating the

Splanchnic Nerves"; "The Hastening of Coagulation in Pain and

Emotional Excitement;" "The Effects of Haemorrhage before and

after Exclusion of Abdominal Circulation, Adrenals or

Intestines"; "The Influence of Certain Anaesthetics"; "The

Influence of Certain Metals and the Electric Current",

The remaining two papers in the series reported: "The

Effect of Rapid Progressive Haemorrhage upon the Factors of

Coagulation", and "The Effect of Adrenaline upon the Factors

of Coagulation". Neither of these two papers includes any

measurement of clotting time by the Cannon-Mendenhall method

and indeed no subsequent work has been reported either using

this method or comparing the results obtained from it with the

results of other clotting tests.

With two exceptions, the experimental animals throughout

the series were cats; in "The Influence of Certain Metals and

the Electric Current", Belgian hares were used because "the

coagulation time of their blood was known by the authors to be

longer than that of cats, and in "The Influence of Certain

Anaesthetics" rabbits gave similar results to those for cats.

Ether /
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Ether and urethane were the anaesthetics employed, "but in

the majority of the cats the anaesthetic was discontinued

following decerebration or pithing to mid-thorax through the

orbit. Body temperature was maintained by means of an

electric heating pad. Respiration proceeded normally after

decerebratian except in a few animals, -where artificial

respiration was given. Artificial respiration was of course

required following pithing.

The first paper in the series (Gannon and Mendenhall,

1914a) is largely concerned with the technicalities of the

coagulometer but it is mentioned that the mean control

clotting time in any individual cat varied in 21 different

animals from a mean of 3.0 to a mean of 10.6 minutes, with a

combined mean of 5.9 minutes. The authors were unable to

determine the conditions for these variations between cats.

The same degree of clotting was not always measured by the

coagulometer. When the clotting process was very rapid, the

clot had the consistence of wthick jelly"j whereas when the

process was slow, a strand of fibrin or at most a small amount

of "jelly" was found. However, the authors comment that

because -the "jelly" is a later stage than the fibrin strand,

the semblance of inexactness was unfavourable to the result

for which they were seeking, that is, a shortening of clotting

time.

The next paper (Gannon and Gray, 1914) is perhaps the

most important in the series in that it deals with the

shortening /
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shortening or lengthening of clotting time by adrenaline

injections -while the subsequent papers in the series deal

largely with procedures considered to act indirectly by the

liberation of endogenous adrenaline.

Apart from a few subcutaneous doses in preliminary

experiments, adrenaline was given intravenously. The minimal

intravenous dose of adrenaline which shortened clotting time
•6

in decerebrate cats was 10 g/kg, the corresponding sub¬

cutaneous dose being approximately ten times this. Clotting

time was shortened to one-half or one-third of control time

and the effect lasted from 2 to AO minutes. Adrenaline

intravenously had a more lasting effect in pithed cats than

in the usual decerebrate animals with intact cords.

Larger doses - about 3 x 10~" g/kg - given intravenously,

produced a lengthening of clotting time which was sometimes

followed by a shortening, whereas when the same dose was

injected rapidly a lengthening alone occurred. None of the

procedures reported in the subsequent papers led to a

lengthening of clotting time except anaesthesia by chloral

hydrate or chloroform whose effect on clotting time was

reported to depend on the normal clotting time of the animal

(p. 145)* The authors point out that also on intestinal and

arterial smooth muscle large doses of adrenaline have a

contrary effect to small doses (Cannon and Lyman, 1913). The

adrenaline preparation used by Cannon and Gray was prepared

from natural sources and must therefore have contained 10 to

35$ /
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35/5 noradrenaline (Auerbach and Angel1, 1949} Goldenberg _et

al.. 1949} Tullar, 1949. See Appendix, p. 3 ). Parke

Davis state that the exact composition of their preparation

marketed to-day and used in some of the experiments of the

present study ("natural adrenaline") differs from that used

by Cannon and Gray only in the addition of 0.1 fo sodium

bisulphite (Appendix, p. 2).

The results of the paper are rendered less convincing by

oscillations in the readings of clotting time which are

especially evident after adrenaline. These oscillations

suggested to the authors that clotting time might vary with

blood pressure, but simultaneous readings of blood pressure

and clotting time did not confirm this. Within ordinary

limits, therefore, changes in blood pressure did not change

the rate of clotting and the effect of adrenaline on the

clotting time was not associated with any corresponding effect

on blood pressure.

When ligatures were tied around the aorta and inferior

vena cava immediately above the diaphragm and the circulation

thus confined almost completely to the anterior part of the

animal, adrenaline injected slowly into a jugular vein did not

shorten clotting time. In another experiment, after the

gastro-intestinal canal and liver had been removed from the

animal, the average clotting time was, if anything, longer

after injection of adrenaline than previously. An experiment

is also described which is equivalent to the addition of

adrenaline to blood in vitro. Observations of clotting time

were /
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were carried out on the blood of the same animal drawn

alternately by cannulae wet with adrenaline and by the usual

dry cannulae.

Cannon and Gray conclude that in the absence of circula¬

tion through the liver and intestines, adrenaline does not

shorten clotting time. They l^ypothesise that the liver

furnishes continuously to the blood a factor in the clotting

process which is being continuously destroyed in the body.

They further suggest that adrenaline males the blood clot more

rapidly by stimulating the liver to discharge more of this

factor.

In the third paper of the series, Cannon and Mendenhall

(1914b) report that stimulation of the distal end of the

divided splanchnic nerves shortens the clotting time of the

blood as measured by their method. Sometimes the nerves were

isolated unilaterally in the abdomen; sometimes (in order to

avoid manipulation of abdominal viscera) they were isolated in

the thorax and stimulated singly or together. A tetanising

current was used, barely perceptible on the tongue and too

weak to cause, by spreading, any contraction of skeletal

muscles.

The degree and duration of the effect on clotting time

were similar but more variable than following the intravenous

injection of adrenaline. The onset was commonly within five

minutes of the beginning of splanchnic stimulation, but one

experiment is quoted where at least 10 minutes elapsed between

the end of stimulation and the detection of faster clotting.
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In most experiments the effect lasted from 10 to 30 minutes

hut sometimes it was seen only in a single observation.

Clotting not uncommonly occurred in less than half the control

time but the degree of the effect as well as its duration fell

off as the stimulation was repeated.

Details of two experiments are given to show that

splanchnic stimulation on the side from \diich the adrenal

gland had been removed did not result in any shortening of

clotting time whereas in the same animals stimulation of the

nerves on the other side (still connected with the adrenal

gland) produced a sharp fall in clotting time. The authors

quote Elliott (1912, p. 15l) as having, presented evidence

that in the cat the splanchnic innervation of the adrenals is

not crossed, so that if the gland is removed on one side,

stimulation of the nerves on that side does not cause any

discharge from the opposite gland. Since the splanchnic

nerves innervate the intestines and liver even though the

adrenal gland is removed, the failure to produce a shortening

of clotting time by splanchnic stimulation after adrenalectomy

is taken to indicate that the nerve impulses to intestines

and liver do not influence them in any direct manner to

accelerate the speed of coagulation. In support of this

view is one experiment where direct stimulation of the hepatic

nerves (with adrenals present) was followed by no change or

even by a lengthening of clotting time.

Vosburgh and Richards (1905) reported that clotting

became more rapid as the blood dextrose rose. Since with the

adrenals /
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adrenals present, stimulation of the hepatic nerves is

recogiised to induce a quick rise in blood dextrose Just as

splanchnic stimulation does, the failure of the blood to dot

faster after stimulation of the hepatic nerves reported by

Cannon and Mendenhall (1914b) is evidence that the shortening

of clotting time following rise in blood adrenaline is not due

to hyperglycaemia. The experiments of Cannon and Gray (1914)
are also against the suggestion of Vosburgh and Richards:

-6 /first because clotting was accelerated by 10 g/kg which is

much less than the dose reported as being necessary to raise

the blood destrose (Cannon, 1914); secondly, when dextrose

(3 ml, of a 10J8 solution) was added to the blood of an

anterior animal, making the blood dextrose roughly 300 mg/100

ml., the clotting time was not markedly reduced. Because

increase of blood dextrose to 300 or 400 mg/100 ml. did not

cause the rapid clotting seen after adrenaline injection,

adrenaline appeared to alter clotting time in some other way

than by Increasing blood dextrose.

As a logical extension of their hypothesis that adrenaline

shortened clotting time, Gannon and Mendenhall (1914c) in the

fourth paper of the series deal with some procedures which

they consider to act indirectly by the liberation of endo¬

genous adrenaline. This paper, entitled "The Hastening of

Coagulation in Pain and Emotional Excitement", describes both

formal experiments on the effects of painful stimulation on

clotting time and incidental observations on the effect of

emotional excitement and asphyxia.

In /
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In experiment a on the action of stimuli -which in the

unanaesthetised animal would cause pain, the methods used to

affect the sensory nerves were faradic stimulation of a large

nerve trunk (the proximal end of the divided sciatic or

femoral nerve) and operation under light anaesthesia. The

strength of sensory nerve stimulation was not measured exactly

but a current weaker than could be felt on the tongue, passing

for two minutes, produced a shortening of lesser degree and

duration than that produced by five minutes' stimulation with

a current felt on the tongue but not strcaig enough to produce

flexor spasms. This stronger current produced a 5Q& short¬

ening of clotting time for 10 minutes. Sensory nerve

stimulation, as with splanchnic nerve stimulation, usually

produced a less marked effect on repetition, and the authors

quote an experiment where several later attempts to reproduce

the initial rapid clotting by stimulation of the splanchnic

nerves were without result. When performed under light

anaesthesia, surgical operative procedures such as opening the

abdomen resulted in a shortening of clotting time; this

effect passed off 10 minutes after the hepatic nerves had been

cut. A shortening of clotting time also occurred when the

degree of anaesthesia was lessened Just after the surgical

injury had been made. On the other hand, the effect was not

observed after deeerebration although in the decerebrate state

ether was not given Because stimulation of afferent nerves

or major operations under light anaesthesia shortened the

clotting time, the authors conclude that procedures causing

pain /
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pain in the unanaesthetised animal resiilt in faster clotting.

The effect was more certain to occur whan the cerebrum was

present and was permitted even slightly to operate.

Cannon and Mendenhall did not find it necessary to plan

formal experiments to test the effect of emotional excitement

on "blood clotting. In the ordinary course of their work,

they observed that their cats differed widely in their

emotional reactions to restraint and the induction of anaes¬

thesia. If the animal calmly accepted its fate, clotting

occurred from the first at about the average rate. On the

other hand, the rapid clotting which accompanied excitement

made it necessary to wait till slower clotting would permit

the use of experimental procedures for shortening the process.

When one vigorous animal was angered immediately previous to

anaesthesia, 24 observations made during the following hour-

showed that the clotting time in this animal averaged three-

quarters of a. minute and was never longer than me and a half

minutes. The authors consider that the persistence of the

rapid clotting for so long a period after anaesthesia was

started mlgjit here have been due in part to continued rather

light anaesthesia. A brief period of faster clotting was

more usual. In the typical experiment, emotional excitement

was followed by a very short clotting time (sometimes less than

30 seconds) which became longer (three to five minutes) about

10 minutes after the splanchnic nerves were cut.

Often in the course of their investigations Gannon and

Mendenhall noted that when respiration, was impaired and the

blood /
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blood dark, the clotting time was short. However, in a few

observations in which a formal attempt was made to determine

the influence of asphyxia on blood clotting, the results were

inconclusive,

The authors consider that their observations on the

effects of pain, rage and fear are in harmony with the evidence

offered in previous papers of the series that injected

adrenaline and secretion from the adrenal glands induced by

splanchnic stimulation shorten clotting time. Rapid clotting

is considered as an example of an adaptive reaction service¬

able to the organism in withstanding the injury which may

accompany pain or which may follow the struggle that fear or

rage may occasion.

The fifth paper in the series, by Gray and Lunt (1914),
deals with the effect of haemorrhage on clotting time as

measured by the Cannon-Mendenhall method. Haemorrhage was

produced in the intact animal, and also after exclusion of the

abdominal circulation, after exclusion of the circulation

from the adrenals, and after excision of the intestines. The

size of the haemorrhages produced is stated as a percentage

of the blood volume estimated as 8^ of the body weight.

Second haemorrhages are stated similarly as percentages of the

estimated original blood volume rather than as percentages of

the blood left in the circulation after the previous haemorr¬

hage. The experience of the authors was that the maximum

haemorrhage short of producing extreme air hunger and muscular

spasms was 7-14/S.
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In the intact animal, clotting time was shortened only if

the total haemorrhage was sudden and about 13$ of the estima¬

ted blood volume. However, an experiment is quoted where a

haemorrhage of 7$ was not followed by any change in clotting

time whereas a second haemorrhage of 7$ 20 minutes later

halved clotting time. In another experiment, a second

haemorrhage of 10$ produced a further shortening of clotting

time after a shortening by a first haemorrhage of 13$} after

about 10 minutes the clotting time returned to normal and in

many cases to longer than normal.

Exclusion of the abdominal circulation by occlusion of

aorta and vena cava just above the diaphragm was followed by

a 25$ lengthening of the mean clotting time for the following

hour. Haemorrhage subsequent to exclusion of the abdominal

circulation did not shorten clotting time and in one animal

accentuated the lengthening of clotting time previously

produced by exclusion of the abdominal circulation. The

effect of haemorrhage on clotting time sifter exclusion of the

adrenal glands was studied in cats by tying off the adrenal

vessels at the beginning of an experiment. Following this

operation and previous to haemorrhage, there was no change in

clotting time similar to the small lengthening produced by

exclusion of the abdominal circulation. Haemorrhage subse¬

quent to exclusion of the adrenals still produced a lengthening

of clotting time in the majority of cats though there were

several anomalous results. The magnitude and duration of the

effect were about the same as following haemorrhage in the

intact /
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intact animal. Excision of the small intestine and of half

the large intestine without haemorrhage was followed by the

same snail degree of shortening of clotting time as seen in

the anterior animal after exclusion of the abdominal circula¬

tion. As after exclusion of the adrenals, haemorrhage still

caused a shortening in clotting time after removal of the

intestines.

Mendenhall (1915) is the author of the paper on "The

Influence of Anaesthetics on Blood Coagulation" and he uses

the same method of drawing blood and recording clotting time

as used in the first five papers of the series. All the cats

were decerebrated as soon as possible after ether anaesthesia

and the anaesthetic was subsequently discontinued. Control

clotting times were not measured until the animal had been

left undisturbed for 45-60 minutes so that it would be free

from Hie effects on clotting time of ether or of operative

procedures. Clotting times were then taken at 10-minute

intervals for 40 minutes or an hour to determine the normal

clotting time of the animal before the test anaesthetic was

given. Clotting times were subsequently measured at the same

intervals for an hour after anaesthesia. The test anaes¬

thetics were chloral hydrate given intravenously, or chloro¬

form or ether by inhalation from the type of bottle used in

ordinary laboratory operations. Some control experiments in

which no test anaesthetic was given showed that the coagulation

time shortened slightly as the experiment proceeded.

Chloral hydrate, 65-100 mg/kg, was given over three to

five minutes by the femoral vein. The effect which chloral

hydrate /
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hydrate had on clotting bore a relation to the clotting tin®

before the drug was administered. If the mean control

clotting time of the animal was 6.8 minutes or less, chloral

hydrate lengthened the clotting time, whereas if the control

clotting time was 6,9 minutes or more, chloral hydrate

shortened the clotting time. This effect was not related to

sex or weight of the cat or to the dose of chloral. Because

the average degree of shortening was small compared with the

lengthening, Mendenhall prefers to regard the effect of

chloral as nil when the control clotting time is long. He

concludes that chloral hydrate, if it affects clotting time

at all, tends to lengthen it and that this lengthening is

greatest when the normal clotting time is short.

The effeet with chloroform was similar to that with

chloral in that after chloroform, long control clotting times

tended to shorten and vice versa. The transition from

control clotting times which lengthened to those which

shortened was not so clearly marked as in the chloral groi^>,

but it occurred at about 7.5 minutes.

Twenty-cne experiments were performed with ether, 13 with

adrenals intact and eight with adrenals removed. Ether never

lengthened the clotting time when the adrenals were intact,

the percentage shortening of clotting time varying from 0 to

21$ with a mean of 15%. The mean control clotting time was

7.2 minutes but there was no relation between control clotting

time and the effect of ether. Thus 9.4 minutes, the longest

mean control clotting time, was decreased by 11%, whereas

5,6 /
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5.6 minutes, the shortest, was decreased by 21$. In one cat,

after removal of the adrenals there was a lengthening of the

clotting time. This was the only experiment with ether which

showed a lengthening of clotting time. The remaining experi¬

ments all showed a small shortening which was no greater thai

in the control experiments in which no test anaesthetic was

given. The conclusion is that ether shortens the clotting

time and that the effect is exerted through the adrenal glands.

The eighth paper of the series (Stem, 1916) is entitled

"The Influence of Certain Metals and the Electric Current

upon the Factors of Coagulation". The standard copper wire

of the Cannon-Mendenhall method was first replaced by

aluminium or iron wires of the same gauge. These experiments

were then repeated with a direct current flowing from the

different wires through the drawn blood to a steel cathode in

the base of the reservoir. (All other papers in the series

report studies using copper wire wittiout passage of current.)

Belgian hares were used because their mean clotting times

were known to be longer than those of cats. The anaesthetic

employed was urethane 2.5 g/kg body weight. The method of

Cannon and Mendenhall was modified to suit the requirements of

the experiment: the wire which dipped into the blood hung as

usual on the short arm of the lever whose long arm wrote on a

kymograph, but the lever was here so balanced that the moment

of the short arm plus the copper wire exceeded that of the

long arm by 30 mg. Other weights were used with the

aluminium /
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aluminium and iron wires so that the short arm still exceeded

the long aim by 30 rag.

When the aluminium wire was used the clotting tin® was

shortened by 45$. Iron seemed to act more like copper than

like aluminium. The passage of one to two milliamperes

through the copper wire reduced clotting time by about 70$

and by an even greater percentage when an aluminium wire was

used. When current was passed through an iron wire, in 18

out of 20 observations clotting had not occurred by 20 minutes

(when all observations were discontinued arbitrarily). A

dark coloration of the blood in the cannula about the ircei

wire was observed. This colour increased and deepened as

time passed until, after 20 minutes, it was almost black.

Thus the only combination of current and metal which prolonged

clotting time was the passage of current through iron wire.

Drinker and Drinker (1914) are the authors of a paper

reporting "The Effect of Sapid Progressive Haemorrhage upon

the Factors of Coagulation". The test animals were nine cats

and eight rabbits and anaesthesia was by urethane 2 g/kg with¬

out subsequent decerebration or pithing. Cannulae were

inserted into the femoral or carotid artery and were removed

following each haemorrhage; the amount of blood loss at each

haemorrhage varied in different animals depending on their

size. The same cannula freshly washed was reinserted for

each subsequent haemorrhage. Haemorrhages were produced at

intervals of 20 minutes till the animal died - usually in one

to /
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to one and a half hours. Collection of samples for clotting

tests was made at the beginning of each haemorrhage and whole

blood clotting time, Howell's prothrombin time ("calcium

time") and antithronibin (1914) and fibrinogen concentration

(Whipple and Hurwitz, 1911) were measured. Ncne of the

clotting times was measured by the Cannon-Mendenhall method.

The whole blood clotting time shortened progressively

to about two-thirds of normal and there was a parallel fall in

antithrombin. In two animals in which the whole blood

clotting time did not change despite severe haemorrhage, the

antithrombin was also unchanged. The calcium time varied

irregularly with no relation to whole blood clotting time or

to antithrombin. Fibrinogen decreased but the authors

consider the heat coagulation method they employed to be

unreliable. There was no change in platelet count in the

five animals in which counts were made. In all the tests

similar results were obtained in cats and rabbits. No

mention is made of control experiments in which haemorrhages

were not produced.

The authors consider that the important change is the

fall in antithrombin j they discuss whether this is due to

dilution of the blood or to a decrease in the amount of anti-

thrombin formed and favour diminished formation.

The last paper in the series (Grabfield. 1916) reports

"The Effect of Adrenaline on the Factors of Coagulation"

using the same tests as used by Drinker and Drinker (1914).

Again /
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Again none of the clotting times was measured "by the Cannon-

Mendenh&Ll method. The cats used had their major and minor

splanchnic nerves severed in the abdomen two to eight weeks

before the acute experiment because in some preliminary

experiments there was great variation in whole blood clotting

time and calcium time ascribed by the authors to the excite¬

ment of induction of ether anaesthesia. At the beginning of

the acute experiment, the cats were anaesthetised, tracheoto-

mised, pithed to mid-thorax, and artificial respiration was

begun. Natural adrenaline, 1,5 x 10**^ g/kg was injected

into the femoral vein 53 minutes after pithing. Approxi¬

mately 12 minutes before, and 9, 46 and 79 minutes after

adrenaline was given, blood was drawn through a lubricated

cannula.. Twelve minutes before adrenaline was given, that

is, 41 minutes after pithing, control clotting times were

obtained. Nine minutes after adrenaline was given there was

a mean shortening of whole blood clotting time of 80$ of

control time, and a mean shortening of calcium time to 50$ of

control time. The whole blood clotting time and calcium tin®

were returning towards normal 46 minutes after adrenaline, but

79 minutes after adrenaline the whole blood clotting time was

still 35$ lees than control time. There was no change in

Howell's antithrombin. In control experiments, blood samples

were taken at 48 , 83 and 136 minutes after pithing. In some

of these no injection was made and in others normal saline was

injected intravenously. Eighty-three minutes after pithing

the /
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the mean whole blood clotting time was 25% longer than the

reading U-8 minutes after pithing, the antithrombin had

decreased by 25% and the calcium time was unchanged. All

these tests showed no further change 136 minutes after

pithing.

Measurement of Adrenaline and Noradrenaline Secretion of
Adrenal Medulla

Elliott (1912) in his classical work on "The Control of

the Suprarenal Glands by the Splanchnic Nerves" measured the

amount of adrenaline which could be extracted from the adrenal

glands of cats and dogs by its effect on the uterus of the

guinea pig and the blood pressure of the cat. He reported
■

that anaesthesia, fright and stimulation of splanchnic or of

afferent nerves caused a fall in the adrenaline content of the

adrenals of cats and dogs. Cannon et al. quoted Elliott's

work as evidence that these and other procedures shortened

clotting time by causing release of adrenaline.

In the last five years it has become possible to measure

the adrenaline and noradrenaline secretions directly in the

adrenal venous blood of animals. The results suggest that

the procedures studied by Elliott and by Cannon et al. do

indeed cause an increase in the catechol amine content of the

adrenal venous blood (p. 155 ), It is difficult to demonstrate

either adrenaline or noradrenaline in the peripheral blood.

However, Weil-Maiherbe and Bone (1952) have recently succeeded

in demonstrating both adrenaline and noradrenaline in the

peripheral /
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peripheral venous blood in man, by a modified fluorometric

method (p, 241).

Von Euler's (1949) method of estimating the secretions

of adrenaline and of noradrenaline in adrenal venous blood is

by the determination of the activity ratio adrenalines

noradrenaline on cat's blood pressure and on hen's rectal

caecum. However, Gaddura and Lembeck (1949) have reported

that the assay of mixtures of adrenaline and noradrenaline in

adrenal venous blood by parallel tests on different organs

involves very large errors. Vogt (1952} p. 154.) and

Outschoorn (1952; p. 153) therefore assayed noradrenaline

only after its chromatographic separation from adrenaline.

Both workers assayed adrenaline on rat's uterus stimulated by

carbachol (Gaddum and Lembeck, 1949) and noradrenaline by the

rise in blood pressure produced in the rat under urethane

anaesthesia (Crawford and Outschoom, 1950, as modified by

Outsohoom, 1952).

All workers are agreed that such procedures as splanchnic

nerve stimulation produce an increase in the total content of

catechol amines in adrenal venous blood. Opinions differ

whether the contents of adrenaline and of noradrenaline

increase to the same extent or whether the proportion of

adrenaline to noradrenaline varies with the nature of the

stimulating procedure and with the duration of stimulation.

Lund (1951a, b) carried out a stu<fy of various procedures

(haemorrhage, electrical stimulation of splanchnic nerves)

believed to be accompanied by release of adrenaline. He

collected /
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collected continuously the adrenal venous blood of dogs and

estimated fluorimetrically its content of sympathomimetic

amines. At the same time a corresponding amount of donor

blood was infused through the jugular vein.

Under gentle anaesthesia no measurable amounts of

adrenaline and noradrenaline were present in the adrenal

venous blood. During severe falls of blood pressure

following haemorrhage there occurred a release of a mixture

of adrenaline and noradrenaline of which 25 to 5®?° 'was nor¬

adrenaline. This release ceased almost completely when the

blood loss was counterbalanced by infusion of blood. Stimu¬

lation of the splanchnic nerves caused a release of the same

mixture of adrenaline and noradrenaline as occurred following

haemorrhage and also at the time of death the same release

took place. In each experiment the concentration of nor¬

adrenaline was the same fraction of the adrenaline content,

irrespective of the duration of the experiment.

Lund points out that his results are contrary to those

of Bulbrlng and Burn (1949) who reported that the amount of

noradrenaline released after repeated periods of splanchnic

stimulation constituted a steadily increasing percentage of

the total amount of sympathomimetic substance released. On

the other hand, the results of Lund are in agreement with

those of Gaddum and Lembeck (1949) obtained during continuous

splanchnic stimulation in the cat for over 4-5 minutes.

Experiments were carried out by Outschoorn (1952) in

which the adrenal glands of cats were stimulated through the
*
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splanchnic nerves or by the injection of acetylcholine or

potassium. The adrenaline and noradrenaline contents of the

glands and in the plasma of the effluent "blood were estimated

(p. 152 ). Small amounts of adrenaline and larger amounts of

noradrenaline were present in the venous plasma from the

resting gland: stimulation caused the release of large

amounts of adrenaline and smaller amounts of noradrenaline:

the proportion of adrenaline to noradrenaline did not appear

to depend on the method of stimulation, nor did it alter after

continuous electrical stimulation for one hour. Similarly,

Vogt (1952) reports that, in spite of great variations between

cats, in any one animal the percentage adrenaline content of

the adrenal secretion at rest, of the secretion during injec¬

tion of potassium chloride and of the stores in the adrenal

medulla, are usually about the same.

On the other hand, also in cats, Duner (1953b), an

associate of von Euler, did not find any relation between the

proportion of adrenaline to noradrenaline in adrenal venous

blood and in the adrenal glands. The results of von Euler

and associates support the hypothesis that the adrenaline and

noradrenaline-producing cells in the adrenal medulla are

innervated separately and can be made to secrete by specific

modes of stimulation. Van Euler and Polkow (1953) ascribe

the discrepancy to their belief that the forms of stimulating

procedure used by Outschoom (1952) and by Vogt (1952) were

not suitable to show changes in the proportion of adrenaline

to noradrenaline.
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A summary of the results In a group of similar experi¬

ments "by von Euler and associates is given on the following

page. All the experiments were in cats and the secretions

of adrenaline and noradrenaline in adrenal venous blood were

estimated by van Euler's method (1949} p. 152), All worker

measured the blood flow in the adrenal veins in mlllilitres

per minute and the adrenal secretion can thus be expressed as

10 g adrenaline or noradrenaline/kg body weight/min.
The importance of these assays to the present study is

that they all report that the procedures noted by W»B, Gannon

et al» to shorten clotting tin® are associated with an

absolute increase in the adrenaline secretion from the
"

adrenal medulla.

Polkow and von Euler (1954) have published evidence that

the proportion of adrenaline to noradrenaline in the adrenal

vein can be modified by stimulating different points in the

hypothalamus. Stimulation of one point caused a rise in the

output of noradrenaline, while stimulation of a different

point caused a rise in the output of adrenaline and had little

or no effect on that of noradrenaline. They conclude that

in the adrenal medulla there are separate cells for producing

adrenaline and noradrenaline and that these are innervated by

separate fibres with a different hypothalamic representation.

Eranko (1951) has described two histochemically different

types of chromaffin cells in the adrenal medulla of the rat.

He suggests that the two kinds of adrenal medullaiy cells

bear specific relations to the storage and secretion of
/

adrenaline /
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Meanaminecontentofadrenalvenousblood (xICT^g/kgbodyweight/minute)
Numberof observations onwhich meanamine contentbased

Reference

Adrenaline

Noradrenaline

Resting Carotidocclusion

17 52

56

157

11
12

SaindlandEuler(1951)

Resting Hypothalamicstimulation
17

316

204 313

6 6

Brilcke,Saindl andMayer(1952)

Resting Carotidocclusion Sciaticandbrachialstiia. Splanchnicnervestiia. Asphyxia

notstated 77

210 430 230

notstated 213 161 1030 740

11 17

9 6

EulerandFolkow(1953)

Resting Hyperglycaemia

14

9

70 64

17
44

Duner(1953WP*57)

Resting Hypoglycaeaia

6

28

39

a

12 25

Duner(1954>P*59)
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adrenaline and noradrenaline respectively, Hillarp and

Hokfelt (1953) report a technique for the histochemical

demonstration of noradrenaline, and also come to the conclus¬

ion that adrenaline and noradrenaline are stored in two

different kinds of cells. Recently Eranko (1955) has

reported observations suggesting that some cells of the

adrenal me (illla contain much adrenaline and little nor¬

adrenaline, whereas other cells - which can be demonstrated

by fluorescence microscopy of formalin-fixed sections -

contain predominantly or exclusively noradrenaline.

It thus appears that the physiological evidence for a

selective activation of noradrenaline or adrenaline-producing

cells has a histochemical basis. The importance of this

conclusion as regards the present study is that, unlike

adrenaline, noradrenaline appears from the following review

of the literature to have a weak or absent effect on the

pituitary-adrenal system (p, 160 ), and it is being suggested

that adrenaline shortens the clotting time by its effect an

this system.

Biological Actions of Adrenaline and of Noradrenaline

From the following review of their other biological

actions, it is considered that if either adrenaline or nor¬

adrenaline shortens clotting time, adrenaline is the more

likely.

The evidence that noradrenaline is the chemical trans¬

mitter of sympathetic nerve impulses was strengthened when

Peart /
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Peart (1949) demonstrated that noradrenaline was liberated

into the blood when the sympathetic nerves to the spleen of

the cat were stimulated, Perhaps the most important inference

of the recognition that noradrenaline is the physiological

transmitter substance of the sympathetic system is that the

sympathetic nervous system and the adrenal medulla - as the

system predominantly producing adrenaline • should be con-

sidered as separate entities from the functional point of view.

It is recognised that adrenaline and noradrenaline differ

in their biological actions in several fundamental respects.

Noradrenaline is the chief substance far maintaining blood

pressure whereas adrenaline is far more active in stimulating

a variety of metabolic functions to meet increased demands of

the organism.

Prom the evidence that noradrenaline is the transmitter

substance of the adrenergic nerves, it might be anticipated

that its effects would become manifest largely through the

cardiac and vasomotor nerves. On the other hand, there is

no evidence that the regulation of the circulation - espec¬

ially that of the blood pressure - is accompanied by metabolic

changes. The emotional cardiovascular reactions follow the

pattern of adrenaline action - elevation of systolic blood

pressure, little participation, if any, of the diastolic

blood pressure, cardiac acceleration, and palpitationsj

while noradrenaline causes a marked rise of both systolic

and diastolic blood pressures, with bradycardia and only a

minimum of subjective sensations. Swan (1952) states that

he has asked more than 60 persons to whom he had previously

given /
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given infusions of adrenaline if ancl how the symptoms they

experienced compared with their emotions during previous

times of alarm. In the majority of cases the syi^toms are

said to have been similar although usually they exceeded the

stressful sensations in severity. (Swan judges from the

replies that adrenaline enters the circulation during stress,
-6

but at rates rather below 10 x 10 g/min.) In contrast to

adrenaline, the milder symptoms caused by infusion of nor¬

adrenaline are said to have been always unfamiliar to the

subjects, though fear occasionally did occur when this sub¬

stance was administered.

Adrenaline and noradrenaline differ widely in their

effects on metabolic processes, adrenaline being usually

about 5 to 10 times as powerful as noradrenaline. This

difference may be seen, for instance, in their effects on

total oxygen consumption, on blood dextrose and, especially

important for the present study, on the pituitary-adrenal

system.

The effect of intravenous infusions of adrenaline and

noradrenaline, 10 to 20 x 10~^ g/min, on the respiration of

healthy men was studied by Whelan end Young (1953). -All

infusions were for 10 minutes.

The respiratory response both to adrenaline and to nor¬

adrenaline was of sudden onset one to one and a half minutes

after the beginning of the infusion, reached a maximum

between the second and fifth minutes of infusion and

diminished thereafter though remaining above resting levels.

There /
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There was an increase in the tidal volume, an increase in the

respiratory minute volume, and accompanying this, a fall in

the alveolar carbon dioxide percentage. The respiratory

rate was tisually hut not always Increased,

However, the adrenalin© infusions increased the oxygen

consumption hy an average of while noradrenaline caused

no significant change, so that noradrenaline, unlike adren¬

aline, does not cause any general increase in metabolic rate,

Schumann (1948) raised the blood dextrose in three

fasting dogs from 90 to 250 mg/100 ml, by the subcutaneous

injection of adrenaline 10*"^ g/kg. He reports that the same

degree of elevation of blood dextrose was not produced until

20 tiroes the dose of noradrenaline was given (2 x 10~^ g/kg).

On the other hand, noradrenaline was reported to have been

more potent than adrenaline in raising the blood pressure in

the cat.

Vogt (1944) was the first to report that adrenaline

stimulated the secretion of the adrenal oortex. In the

heparinised eviscerated dog car cat, intravenous infusion of

adrenaline was followed by an immediate and long-lasting

increase in the adrenocortical steroid activity of the

adrenal venous blood, A bio-assay method based cn the

survival time of adren&leeternised rats exposed to cold was

used for the detection of adrenocorticoids (Seyle and

Schenker, 1938). Similar findings have been reported by

long (1947), Paachkis et al. (1950) and Pickford and Vogt

(1951), Jarrett (19515 p, 162 ) quotes an unpublished

observation /
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observation of Ypgt that in the anaesthetised dog she was

unable to obtain evidence of enhanced adrenocortical secretion

after infusion of doses of l-noradrenaline which were much

larger than the amounts of adrenaline required to obtain this

effect.

It has been reported that a fall in eosinophil count

(p. 10) and in the adrenal content of ascorbic acid (p. 13)

are indications of an increase in adrenocortical activity.

The injection of adrenaline is recognised to be followed by a

fall in eosinophil count (Godlowski, 1948} Almy and Laragh,

1949} Hortling and Pekkarinen, 1949 J Hecant et al., 1950).

It is disputed whether noradrenaline has any effect on the

level of circulating eosinophils. Some workers do not find

any effect (Pellegrlno et al.. 1950) #iereas others find a

slight effect - about one-sixth of that of the same dose of

adrenaline (Humphreys and Raab, 1950} Madison, 1950). True-

love (1951) believes that the discrepancy is due to differences

in dosage and reports falls in eosinophil count after large

doses of l-noradrenaline (1-2 mg). All workers are thus

agreed that any effect of noradrenaline on the eosinophil

count is small.

Naysmith (1949) injected adrenaline and noradrenaline

subcutaneously in normal rats and compared the effects on

blood pressure and on ascorbic acid content of the adrenals.

The relationship between equipressor doses of 1-adrenaline

and l-noradrenaline was 1:0,4 whereas doses causing equal

falls of the ascorbic acid content of the adrenal glands were

in /
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in the ratio 1:45. Jarrett (1951) also determined the

content of ascorbic acid in the adrenal gland of the rat after

the subcutaneous injection of adrenaline and of noradrenaline.

In confirmation of Nay-smith* s worfc, a large depletion of

ascorbic acid was observed after injection of adrenaline and

a much smaller depletion after injection of noradrenaline.

A four-fold increase in the dose of noradrenaline was not

associated with an appreciable increase in the loss of

ascorbic acid. Eonzoni and Reichlen (1950) report that in

rats adrenaline was more than four times as potent as nor¬

adrenaline in producing a fall in adrenal ascorbic acid and

a rise in blood dextrose.

Comment on Previous Woric

From the review of previous work it is considered that,

if either adrenaline or noradrenaline shortens clotting time

by stimulation of the pituitaiy-adrenal system, adrenaline is

more likely to be responsible. Thus procedures causing an

increased adrenal secretion largely of adrenaline would be

expected to shorten clotting time -whereas procedures leading

to the liberation predominantly of noradrenaline would have

little effect on clotting time. Cannon and Gray (1914J p.135

were surprised that they did not find any relation between

clotting time and blood pressure, but this is understandable

now that noradrenaline rather than adrenaline is recogiised

to be principally responsible for blood-pressure homeostasis.

However, /
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However, there Is no evidence for a direct cause and

effect relationship between increase in adrenaline secretion

and shortening of clotting time. Indeed Vogt (1944) has

reported that electrical stimulation of the splanchnic nerves

causes an increase in the secretions of both adrenal cortex

and medulla. The Increase in adrenocortical secretion may

bear a more direct causal relationship to the shortening of

clotting time. It is hypothesised (p. 337) that a shortening

of clotting time is one of the results of increased adreno¬

cortical secretion, of which injection of adrenaline is

recognised to be one cause.

Present Work

Methods

A single experiment was made in each of 26 cats and 11

dogs and each cat or dog has been given a serial number by

the date on which its experiment was made (Tables CXXX-CLXVT).

During their stay in the animal house for several days to a

month before being vised, the animals, except Dog 3 (Table

CLVIII) and Dog 4 (Table CLIX) were not interfered with in

any way.

Before being anaesthetised, the animals were fasted

overnight and then weighed. (For technique of induction and

maintenance of anaesthesia, see Appendix, p. 26). In dogs

the fore-paw was shaven over the vein into which the Nembutal

was /
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was to be injected; in cats no preparation was required

before the intraperitoneal injection of Nembutal. At

varying intervals during the experiments the anaesthesia

became manifestly light and further small doses of anaes¬

thetic were given intravenously in dogs and lntraperitoneally

in cats. In Cats 11, 12 and 13, where the anaesthesia was

by ether inhalation, artificial respiration was made foil

intubation of the larynx. In 7 of the 11 dogs, the larynx

satisfactory except in Dogs 2, 9, 10 and 11 where artificial

respiration was used.

In view of the report of Cannon and Mendenhall (1914c)
that pain and emotional excitement shorten clotting time,

note has been made of animals in which the induction of

anaesthesia v/as prolonged or accompanied by excitement. No

operative procedures were carried out until anaesthesia was

considered to be satisfactory.

In all animals the femoral arteries were exposed. In

Cats 6, 7, 8, 10, 11, 12 and 13 (Tables CXXXV-CXXXVTI,

CXXXIX-CXLII) the splanchnic nerves were exposed in the

abdomen; in Cat 8 the sciatic nerve was exposed in addition.

In Cats 6, 7, 8, 10 and 11 the distal divided end of one

greater splanchnic nerve was stimulated following its exposure

in the abdomen; in all except Cat 10 the innervation on the

opposite side was left intact. In Cats 12 and 13 an attempt

was made to denervate both adrenals. No exposures of the

splanchnic nerves were made during the acute experiments in

dogs, /

was intubated but spontaneous respiration was considered to be
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dogs.

In Dogs 3 and 4, in preliminary aseptic operations 25

and 23 days respectively before their acute experiments, the

greater splanchnic nerves only were cut bilaterally where

they emerged from the diaphragm That the nerves had bean

divided was confirmed by stained sections which showed that

the excised tissue consisted of bundles of nerve fibres.

The abdominal wounds in both dqgs had healed by the time of

the acute experiments.

In Cat 8 the proximal end of the divided sciatic nerve

was stimulated following its exposure in the thigh. Splan¬

chnic nerve and sciatic nerve stimulation were made by a Du

Bois Raymond induction coil. The current used was just

perceptible on the tongue. A similar current was used by

Cannon and Mendenhall (1914b). Haemorrhages were induced by

division of the exposed femoral or carotid arteries and

arrested by the application of an artery clip.

Within five minutes before injection, adrenaline solu¬

tions were prepared by dilution of 1:1000 stock solution of

"synthetic" or "natural" adrenaline with saline (Appendix,

p. 2). Within an hour before injection, the weighed amount

of A.C.T.H. powder required for an experiment was made into

solution with 2 ml. saline (Appendix, p. 5).

All injections were made in a volume of 2 ml, saline

over one minute by femoral vein. Injections of saline alcne

were made in both cats and dogs. The injections of Nembutal

in dogs were given intravenously and constituted en additional

series /
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series of "control" injections in dogs.

In the first few experiments in cats, attempts were made

to obtain a kymograph record of blood pressure and pulse rate

from the carotid artery, but the blood in the carotid cannula

clotted in the first hour of the experiment. Since clotting

tests were to be made in the femoral arterial blood, no

heparin or other anticoagulant was used in the carotid

cannula because of the risk of its diffusion into the general

circulation. In Cat 26 (Table CLV) and Dog 11 (Table CLXVI)

clotting tests were not made. In these two animals heparin

was injected intravenously and kymograph records of the

effects of adrenaline on blood pressure, pulse rate and

respiration rate were readily obtained. Estimations of

blood dextrose were also made.

The only technically satlsfactoiy method of obtaining

sufficient volumes of blood for clotting tests was found by

trial and error to be by repeated arterial punctures of the

exposed femoral arteries. In the experiments in animals the

first four withdrawals of blood in Dog 1 were the only vene¬

punctures made. Ill arterial punctures were by two-syringe

technique in the femoraL arteries, (For technique of

arterial pictures in animals see Appendix, p. 26), far

as possible, successive punctures were made disto-proximally.

The 2 ml. of blood in the first syringe was used for blood

cell counts and also, in Cat 26 and Bogs 9 and 10 only, for

blood dextrose estimations. (For the technique of with¬

drawal of blood samples in animals for the Cannon -Mender,hall

clotting /
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clotting time test, see Appendix, p. 18).

The technique of the Lee & White clotting time test in

animals differed from that employed in man in that the time

allowed for filling the second syringe was arbitrarily limited

to one minute. The volumes of blood obtained at each with¬

drawal were thus not the same. In the dog, stifficient blood

was usually obtained at each withdrawal to provide four

replicate readings of Lee & White clotting time in each of
glass and silicone-coated glass tubes. Two replicate

readings with each tube surface were the maximum obtainable

in cats. Whatever volume was withdrawn was divided, direct

from the syringe, into replicate tubes in equal portions of

0,7 ml. In the animal experiments the Lee & White clotting

times were measured only to the nearest minute because it was

considered that attempts to read to the nearest quarter

minute were justified only in the experiments in man where

the volume of blood in each tube was 0,7 ml. as measured

accurately by a graduated pipette. In Cats 1i+, 15 and 16

Lee & White clotting times were made in the haemorrhaglng

blood collected directly into a silicone-coated syringe

barrel or universal container from the spurts from the

divided artery.

Heparin resistance tests using whole blood were made in

Dog 1 only; in subsequent animals it was decided to utilise

the limited volume of blood available for the other clotting

tests. In Dogs 8 and 9 citrated blood samples were prepared

by mixing 9.5 ml. blood with 0.5 ml. 9fo sodium citrate

solution. /
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solution. Quick's prothrombin tin® tests with concentrated

brain thromboplastin (Dogs 8 and 9) and, in Dog 9 only9

Quick's prothrombin time tests with dilute brain thrombo¬

plastin and thrombin clotting time tests were made.

Clotting times were all measured at 37°C except Cannon-

Mendenhall clotting times which were measured at either 25°C

or 30°C (p. 16 ).

Presentation of Data

In the raw data tables (CXXX-CLXVI) the animals are

numbered according to the dates on which the acute experi¬

ments were carried out. In each table the times of the

entries in the middle column are given in the left-hand

column: these times are counted forwards in hours and

minutes from zero time at the induction of anaesthesia. In

each animal the Cannon-Mendenhall withdrawals and the other

arterial punctures (for blood for Lee & White clotting times

and for any other clotting test made) are nmbered separately

and serially. Blood cell counts made on blood withdrawn at

any arterial puncture are given below the readings of

clotting time made at that puncture.

From the raw data tables it is very difficult to form an

impression of the results. A separate figure has therefore

been provided for each cat and dog which shows all the

clotting times measured (Figs. 7-40). The figures show that

in the present study in animals the clotting time as measured

by both Cannan-Mendenhall ana Lee & White methods showed

changes /
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Cat 2.- For raw data, see Table CXXXI.
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Cat 7.~ For raw data, see Table CXXXVI.
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Cat 12.- For raw data, see Table CXLI.
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Figure 20

Cat 14.- For rear data, see Table CXLXII.
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Cat 16»» For raw data, see Table CXLV.
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'

V
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Figure 22

Oat 17«* Far raw data, see Table CXLYI.
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Figure 23

Cat 18.* Per rmr data, see Table CXLVXI.
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Cat 19.~ For rear data, see Table CXLVIII.
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Cat 20.~ For raw data, see fable GXLXX.
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For raw data, see fable CL.
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5
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nembutal a.c.t.h.

4 f 5~
nembutal
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6 7
duration of
anaesthesia
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cannon-mendenhall clotting time

Figure 27

Cut 22.- For raw data, see Table CLI.
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Figure 28

Cat 23.- For raw data, see Table CLII.
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Oat 2L.~ For raw data, see Table CLIII.
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Figure ft)

Cat 25«~ For rem data, see Table CLIV.
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Dog 1.- For raw data, see Table CLVI
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Figure 32

Dog 2.* Far raw data, see table CLYII.
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Figure 35

pog 3. For raw data, see Table CLVIII.
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Dog 4.- Far raw data, see Table CL3X.
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Figure 35

Dog 5. For nor data, aee Table CLX.
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Dog 6.* For raw data, see Table CLXI.
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Figure 37

Dog 7»- For raw data, see Table CLXII.
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Figure 38

Fear raw data, see Table CLXIII.
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Figure 40

Dog 10* For raw data, aee Table CLXV.
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changes which were clearly greater than the limits of error

of the clotting tests. Such changes were due to an unrecog¬

nised cause or causes (p.21& ). As an aid in the presenta¬

tion of the data, an analysis of the effect of all procedures

on clotting time, animal by animal, is presented in tabular

form (Table XXX).

Results

Prom Table XXX it will be seen that the clotting time

responses to many procedures are classified as "invalid" -

for a variety of reasons: the control readings differed

widely or were judged to be insufficient in number; the

readings subsequent to the procedure differed widely or were

insufficient in number; the readings of clotting time were

sometimes considered to be inadmissible because the vessel

wall had become damaged or because the animal was considered

to be moribund. The decision whether the clotting time

response was to be considered "valid" or "invalid" was made

arbitrarily, the whole experience with the same animal being

taken into consideration. The exclusion of the data

considered to be "invalid" leaves a small amount o>f data from

which alone conclusions can be drawn. These conclusions

could clearly differ considerably if the classification of

valid and invalid responses was altered. The present con¬

clusions are based solely on the present analysis.

The number of Cannon-Mendenhall withdrawals and arterial

punctures for blood for Lee & White clotting times made in an

animal /
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animal was usually limited by the progressive damage caused

thereby to the femoral arterial walls. The minimum number

of "control" clotting times was therefore carried out in

relation to each test procedure. In dogs it was technically

possible to make arterial punctures in one femoral artery and

withdrawals for the Cannon-Mendenhall clotting time test in

the other; in cats both femoral arteries were required for

either arterial punctures or withdrawals for Cannon-Mendenhall

clotting tests because the number of blood samples obtainable

from one femoral artery using one or other technique was

fewer than that required to carry out a valid experiment.

Cannon-Mendenhall Clotting Time Test

In the first three cats and three dogs in which estima¬

tions of clotting time by the Cannon-Mendenhal1 method were

made, the bath temperature was 25°C, as uBed by Cannon et al.

At this temperature the clotting times were so long that the

bath temperature was subsequently increased to 30°C (Appendix,

p. 16).
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Mean Mean
Cat clotting Dog clotting
No. time No. time

(min) (min)

Bath temp. 18 8 3 29!
25°C 19 12& 4 10

20 9i 5 27i

Mean (of mean
22|clotting times) 10

Bath temp. 21 5A 6 15?
30°C 22 4i 7 2!

23 8f 8 11!
24 13* 9 9i
25 8 10 %

Mean (of mean
clotting times) 8 9h

With the bath temperature at 30°C, it is clear that the

mean clotting times are shorter. At 25°G many clotting

times, especially in dogs, were too long to measure conven¬

iently: at 30°C only one clotting time (Dog 6, Table CLXI)

v?as too long to measure.

Cannon and Mendenhall (1914a) mention that the mean

control clotting time in the cat varied in 21 animals from a

mean of 3.0 minutes to a mean of 10,6 minutes, with a combined

mean of 5.9 minutes. In the present study, as in that of

Cannon and Mendenhall, the conditions for these variations in

mean clotting time between cats were not determined. The

fact that in the present study the mean clotting times were

almost /
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almost double those of Cannon and Mendenhall resulted in

fewer readings being obtained in the same time However,

some of the readings reported bj' Cannon and Mendenhall are so

short that they might have been obtained from technically

faulty punctures (e.g., Cannon and Mendenhall, 1914c, p. 256,

give clotting times of half a minute). In the present study

any reading of clotting time of less than one minute was

regarded as being technically faulty. The validity of this

arbitrary distinction was suggested by the observation that

towards the end of some experiments where the vessel wall

had been damaged by previous withdrawals such short readings

were more frequent.

Control intravenous infections of saline were made in

some of the cats and dogs. An additional series of ccntrol

infections was provided in dogs only by the intravenous infec¬

tions of Nembutal required for maintenance of anaesthesia.

In confirmation of the work of Cannon and Gray (1914j

p, 135) in cats, it is considered that evidence was obtained

in the present study that the Cannon-Mendenhall clotting time

was shortened by a small dose and lengthened by a large does

of adrenaline. The same dual effect was observed in dogs.

In Cat 18 (Table CXLVTl) the infection of adrenaline

2 x 10~^ g/kg was followed by more than a doubling of the

control clotting time and this effect was again obtained when

the same dose was repeated 39 minutes later (Fig. 23).

In Cat 21 (Table GL) a progressive shortening of

clotting time over the duration of the experiment makes

difficult /
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difficult the assessment of the effect on clotting time of

adrenaline 2 x 10*"^ g/kg. However, the two ccnsecutive

clotting times immediately after adrenaline are clearly below

the regression line fitted by eye to the remaining readings

(Fig. 26).

In the dog there was a hundred-fold difference between

doses of adrenaline producing apparent lengthening and

shortening of Cannon-Mendenhall clotting time. In Dog 3

(Table CLVTIl) two clotting times of 11^ and 12^ minutes

preceded the injection of adrenaline 3 x 10 ^ g/kg. The

subsequent lengthening of clotting time was such that two

consecutive samples withdrawn at an interval of 71 minutes

had not clotted by 60 minutes (when the observations were

arbitrarily discontinued). % three hours after injection

the clotting time had returned to control level (Fig. 33).

In Dog k (Table CLIX) there was a lengthening of clotting

time after adrenaline 3 x 10~^ g/kg but the significance of

this observation was reduced by a gross (presumably spon¬

taneous) shortening of clotting time beginning one hour later

(Fig. 3k). In Dog 5 (Table CL2C) the clotting time previous

to "the injection of adrenaline 3x10 g/kg was longer than

35 minutes} after the injection it was 10 minutes. The same

dose of adrenaline was repeated after two further samples

which had not clotted by 35 minutes} there was again a

shortening of clotting time. The intravenous injection of

Nembutal was not followed by a shortening of clotting time
. .» : ■ 1 fg ' '■ • ' •' j

but two clotting times made immediately after the surgical

operation /
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operation of exposure of the femoral vessels were as short as

those after the injection of adrenaline.

In cats and dogs the effects on pulse rate, respiration

rate, blood pressure and blood dextrose of these doses of

adrenaline believed to shorten and lengthen Cannon-Mendenhall

clotting time are discussed below (p. 212).

Mendenhall (1915) made the curious report that the

effect of chloral hydrate and chloroform on Cannon-Mendenhall

clotting time depended on the length of the immediately

previous reading of clotting time rather than on the dose of

anaesthetio given (p. 145). It is therefore important to

confirm that the effect of adrenaline on clotting time is

related to dose and not to either a random effect or the

absolute length of the previous reading of clotting time.

Graphs were prepared to show change in clotting time after

adrenaline plotted against clotting time reading immediately

previous to adrenaline and against dose of adrenaline. These

graphs suggest that the effect of adrenaline on Cannon-

Mendenhall clotting time is related to dose rather than to

length of previous reading of clotting time but are not

conclusive because of the small amount of data available for

plotting.

It is considered that the Cannon-Mendenhall clotting

time of cats and dogs was not altered by the injection of

A.C.T.H. It is clear that A.C.T.H. did not shorten clotting

times in Cats 22, 23, 24 and 25. The clotting times in

Dogs 6, 7, 8, 9 and 10 in relation to the injection of

A.C.T.H. require more careful inspection, but the conclusion

is /
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is considered to be the same as in the cat experiments.

In Dog 6 (Table CLXl) the clotting time of the blood

sample withdrawn after A.C.T.H. was longer than that of any

other sample but the preceding and subsequent readings show

large changes in clotting time occurring spontaneously

(Fig. 36).

In Dog 7 what appears at first sight to be a convincing

shortening of clotting time by A.C.T.H. is considered to be

the effect of a progressive change in clotting time with the

passage of time (Fig. 37).

In Dog 8 the passage of time was similarly probably

responsible for the apparent shortening of clotting time

after A.C.T.H. (Fig. 38).

In Dog 9 a gross "spontaneous" swing of clotting time

occurred previous to infection of A.C.T.H. The two

clotting times immediately previous to A.C.T.H. shew a

further spontaneous shortening of clotting time which is

merely continued by the first clotting time subsequent to

A.C.T.H. (Fig. 39).

A convincing demonstration of the absence of effect of

A.C.T.H. on clotting time is seen in Dog 10 (Table CLXV).

Here A.C.T.H. had no more effect on dotting time than any

one of three injections of saline and numerous injections of

Nembutal (Fig. AO).

The only point made by Cannon et al. in criticism of

their method is that it did not always measure the same

degree of clotting (p. 135 ). Similar differences in the

end-point /
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/

end-point recorded by the machine were observed in the

present stucty but no remedy was found for this defect.

Lee & White Clotting Time Test

The technically unsatisfactory Lee & White clotting

times derived from faulty arterial punctures have been

omitted from the raw data tables. The shortest technically

satisfactory reading of Lee & White clotting time in glass

tubes in the present experiments was five minutes, and the

corresponding clotting time of the same blood sample in

siliccne-coated glass tubes was seven minutes. Technically

unsatisfactory readings were usually about two minutes and

never longer than four minutes, and where readings were

technically laisatlsfactory the clotting time in the silicone-

coated tubes tended to be as short as that in the glass tubes.

The impression gained in the present experiments was that

there were no intermediate degrees between technically satis¬

factory and technically unsatisfactory withdrawals. Tech¬

nically unsatisfactory withdrawals tended to occur towards

the end of experiments when the femoral artery walls were

scarred by previous punctures.

Much time was spent in trying to devise a satisfactory

combined analysis of the "valid" Lee & White clotting time

data in animals. It was decided that no standard method,

statistical or otherwise, was adequate to determine whether

the readings following injections of adrenaline,when

considered together, could be said to be significantly
different /
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different from the preceding and subsequent control clotting

times. In many animals detailed examination of all the

clotting times casts doubt on the validity of estimating the

effect of a procedure on clotting time by comparing simply

the clotting times before and after its application: it is

necessary to consider the whole experience with each animal.

A study of the figures reveals that many changes in clotting

time subsequent to a procedure » e.g., the injection of

adrenaline - are invalidated by previous or s libsequent

experience in the same animal* It is considered that if an

adequate supply of blood without tissue contamination had

been available, the Lee & White test in animals might have

given informative results. Despite the fact that blood

samples were obtained by puncture of the exposed femoral

arteries rather than by venepuncture, it was difficult to

obtain more than 2 or 3 ml. of blood for Lee & White clotting

times. In the Cannon-Mendenhall method the technique of

blood withdrawal was more easy and the volume of blood

required was less than 2 ml. The volume of blood required

for several replicate readings of Lee & White clotting time

on each of many blood samples is not obtainable in cats

because of the smallness of the vessels of the animal. The

number of occasions on which technically satisfactory samples

could be obtained was limited by the condition of the femoral

arteries. The dog is a more suitable animal as regards

blood volumes obtainable at each withdrawal, but even here it

is difficult to make a series of technically satisfactory

arterial /
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arterial punctures.

Correlations "between Clotting Tests

In the animal experiments there was a highly significant

positive correlation between Lee & White clotting times in

glass tubes and in silicone-coated glass tubes (Table XXXI),

However, there are significant differences between the

correlation coefficients for different animals.

The only simultaneous readings in animals of Lee & White

clotting time in glass and in silicone-coated glass tubes

and clotting times by the Cannon-Mendenhall method are 35

readings obtained in six dogs (Table XXXII). The only

correlation coefficient which was here statistically signifi¬

cant was that between Lee & White clotting times in glass and

in silicone-coated glass tubes. The absence of a signifi¬

cant correlation between Lee & White times and the Cannon-

Mendenhall clotting times is, no doubt, partly due to the

large limits of error of these methods. However, it is also

considered to be indicative that the two types of clotting

tests can at most have only some aspects in common.

Correlation coefficients have also been determined

between results of clotting tests and platelet and eosinophil

cell counts (Tables XXXIII-XXXVII),

Systemic Effects of Adrenaline Doses affecting Clotting Time

It has been mentioned that in Cat 26 (Table CLV) and in

Dog 11 (Table CLXVT) kymograph records of the effect of

intravenous /
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intravenous injections of adrenaline on 1)1005 pressure and

pulse rate -were made. In Cat 26 the respiration rate was

also counted hut Dog 11 was given artificial respiration

throughout. The "blood dextrose in Cat 26 showed an unex¬

plained progressive rise with duration of experiment: such

a rise has been reported to be sometimes due to partial

asphyxia (p. 219 ).

In Cat 26 the injection of adrenaline in dosage

(2 x 10"6 g/kg) which appeared to lengthen Cannon-Mendenhall

clotting time was followed lay a bipha3lc change in blood

pressure, a slight increase in respiration rate and a marked

elevation in blood dextrose (Fig. 41). There was no change

in pulse rate, Ne#igible changes in blood pressure, pulse

rate and blood dextrose followed the injection of adrenaline
m*7

2 x 10 g/kg (Fig. 42), This dose had appeared to shorten

Cannon-Mendenhall clotting time in Cat 21 (p. 206),
-6

In Dog 11 adrenaline 3 x 10 g/kg raised the blood

pressure, pulse rate and blood dextrose (Table CIjXVI) . This

dose appeared to lengthen Cannon-Mendenhall clotting time in

Dog 3 (p. 207). It has been mentioned that adrenaline

3 x 10 and 3 x 10** g/kg are believed to have lengthened

Cannon-Mendenhall clotting time in Dog 4 (p. 207) and

shortened it in Dog 5 (p. 207) respectively. The effects

of these doses on blood pressure, pulse rate, respiration

rate and blood dextrose were negligible (Figs, 43, 44).

Discussion /
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Immediate Effects of Intravenous Injections
of Adrenaline (s.-ynthetic) in the Cat on Blood Pressure, Pulse

Rate ancl Respiration Rate

(injections made up to volume of 2 ml. in saline and given by
femoral vein over one minute.)

Figure 41

B.R
mm H

I80-

I40-

IOO-

60-

20-

CAT 26 3 8 Kg

'g

ADRENALINE I.V.I, 2 X IO"6g/ Kg

TIME - lb SECOND INTERVALS " „ a I

(Table GLV gives data obtained in relation to this Injection
of adrenaline which was made 1 hr 52 min after the induction
of anaesthesia.)

Figure 42

(Table CLV" gives data obtained in relation to this injection
of adrenaline which was made 2 hr 37 min after the induction
of anaesthesia.)
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Animal Experiments

Immediate Effects of Intravenous Injections
of Adrenaline~Tsynthetic) in the Dog on Blood Pressure and

Pulse Rate

(injections made to volume of 2 ml, in saline and given by-
femoral vein over one minute.)

Figure 43

B. R
mm f

I80-

DOG II 5-6 Kg

"•9

I40-

IOO- A 1

60-

' ADRENALINE I.V.I. 3 * IO"? g/Kg l

20-

TIME- IO SECOND INTERVALS

(Table CLXVI gives data obtained in relatian to this
injection of adrenaline -which was made 2 hr 33 min after
the induction of anaesthesia,)

Figure 44

B. iP
DOG II 5-6 Kg

mm Hg
I40^1
IOO- I
*vA Vi#rrrvf

o . V60-
.

ADRENALINE I.V.I. 3 * I0"8 g / Kg
20-

TIME- IO SECOND INTERVALS 1

(Table CLXVI gives data obtained in relation to this
injection of adrenaline which was made 4 hr 16 min after
the induction of anaesthesia,)
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Discussion

"Spontaneous" Changes in Clotting Time

It will have been noted that in animals gross

"spontaneous" changes in clotting time render evaluation of

the effect of any procedure very difficult. Because of

these changes, a long clotting time is likely to be followed

by a short clotting time and vice versa. The comparison of

clotting times immediately previous and subsequent to an

intravenous injection or other procedure may therefore give

a misleading impression. Cannon and Gray (1914, at p. 239)

noted "oscillations" of clotting time and also recognised

that their magnitude was outside the limits of error of

the clotting test. However, they considered that such

oscillations were greater after adrenaline than at other

times anc that they here were "real accompaniments of faster

clotting".

Even when regarded as a percentage of the mean clotting

time, the spontaneous variations in clotting time seen in the

present study were greater than those seen in the few experi¬

ments given in detail in the reports of Cannon et al. This

difference may have been due partly to the longer intervals

between readings of clotting time in the present study, but

it is suggested that it was principally due to variations in

the degree of anaesthesia including, in some animals,

unrecognised partial asphyxia.

In /
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In the present study anaesthesia was induced usually by

pentobarbitone intraperitoneally in cats and intravenously in

dogs. None of the animals was subsequently prepared in such

a way that the anaesthetic could be discontinued. When

anaesthesia became manifestly light it was maintained by

injecting further small doses of anaesthetic. This method

was adopted because the same regular maintenance dosage was

not suitable for all animals.

The cats of Cannon et al. were usually decerebrated under

ether and the anaesthetic then discontinued, but in a few

experiments they were etherised only and in others they were

pithed to mid-thorax in addition to being decerebrated.

From examination of the reports of Cannon et al. it is

apparent that the state of anaesthesia and mode of prepara¬

tion were crucial for the elicitation of changes of clotting

time. Cannon and Mendenhall (1914c) noted a shortening of

clotting time following excitement at induction of anaes¬

thesia and following procedures expected to produce pain in

the conscious animal such as sensory nerve stimulation and

surgical operative procedures under light anaesthesia. How¬

ever, they noted that the shortening of clotting time under

light anaesthesia did not occur in decerebrate animals,

although in the decerebrate state no anaesthetic was given.

In the present study the anaesthesia would inevitably some¬

times be sufficiently light to elicit the shortening of

clotting time by painful stimuli. This shortening would be

expected to pass off as anaesthesia deepened following a

further dose of anaesthetic. It is si^gested that the state

of /
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of consciousness of the decerebrate animals used by Cannon

et al. ■would be less variable than that of the anaesthetised

animals of the present study.

Cannon and Mendenhall (1914c) further reported that

section of the splanchnic nerves abolished the shortening of

clotting time due to emotional and to painful stimuli.

Grabfield (1916) and Unvas (1942) have reported that such an

operation also reduces spontaneous changes in clotting time.

The cats used by Grabfield had their major and minor splan¬

chnic nerves severed in the abdomen tvo to ei^vt weeks before

the acute experiment because in seme preliminary experiments

there were great variations in the "control" Lee & White

clotting times and calcium times. These variations were

ascribed by the authors to the unavoidable excitement during

confining the animals and inducing etiier anaesthesia.

In the experiments of Unvas (1942; p. S5 ) cats pre¬

viously prepared in the same way as those of Grabfield gave

more constant "control" prothrombin times (Thordarsson, 1940)
than animals not so prepared. In the present study, Dog 3

(Table CLVIIl) and Dog 4 (Table CLIX) had only their major

splanchnic nerves severed (p. 3.^5 )} but this preliminary

operation did not reduce the "spontaneous" changes in

clotting time during their acute experiments.

No attempt was made to denervate the adrenals of these

dogs; the lesser splanchnic nerves were left intact. In

addition, the removal of both lumbar sympathetic chains from

the first ganglion down to the third or fourth would have

been /
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been necessary to ensure the section of any fibres entering

the adrenal gland without first joining the splanchnic nerves

(McParland and Davenport, 1941).

In some animals unrecognised partial asphyxia may have

been partly responsible for changes in clotting time occurring

"spontaneously". Canncn and Mendenhall (1914c) noted in the

course of their work that "when respiration was impaired and

the blood dark, clotting times were short. However, they

state that in a few observations in which a formal attempt

was made to determine the influence of asphyxia on clotting,

the results were inconclusive. In the present study no

formal attempt was made to study the effect of asphyxia on

clotting time but Dog 8 (Table CLXIII) ceased breathing on

two occasions when anaesthesia deepened after an intravenous

injection of Nembutal in normal dosage. It was thought that

from early in the experiment the regulation of respiration in

this dog had been deranged and in support of this view

respiration became irregular and gasping long before the

animal was finally killed. Figure 38 shows that each time

the drawn blood was dark, the Cannon-Mendenhall clotting time

was short and that it lengthened again when the blood became

red.

The blood dextrose was estimated in each blood sample in

three of the animal experiments where pentobarbitone was the

anaesthetic used (Cat 26, Dogs 9 and 11). Dog 11 was given

artificial respiration and only in this animal was there no

progressive /
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progressive rise in Mood dextrose with time. Unlike ether

inhalation anaesthesia, intravenous anaesthesia with barbi¬

turic acid derivatives is recogiised to be accompanied by an

absent or only a small rise in blood dextrose (Ludewig and

Chanutin, 1949# Ronzoni and Reichlen, 1950). However,

Johnson (1949) has reported that if under narcosis with

barbiturates an insufficient amount of oxygen is attaintstered,

the animal reacts with hyperglycaeraia and also suffers damage

of the liver parenchyma. It is suggested that the hyper¬

glycinemia in Oat 26 and Dog 9 was due to partial asphyxia

which was unrecognised and may well have escaped recognition

in some of the other animals in which repeated estimations of

blood dextrose were not made. Cat 26 and Dog 11 were the taiy

two animals in which clotting tests were not made (p. 166);
■

during the experiment in Dog 9 there was a progressive
. I

shortening of both Cannon-Mendenhall and Lee & White clotting

time with the passage of time. It is suggested that this

shortening of clotting time may have been due to partial

asphyxia.

In summary, the opinion has been expressed that in

addition to the error of the methods of estimating clotting

time, the "control" clotting time in the same animal shovred

incidental changes due to variations in the depth of anaes¬

thesia, and possibly also in some animals to periods of

partial asphyxia.

Effect /
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Effect of Adrenaline on Clotting; Time

The conclusion to the experiments in animals must he

that while some confirmation of the woric of Cannon et al. has

been obtained with the Cannon-Mendenhall method of measuring

clotting time, the Lee & White clotting times are uninforma-

tive.

It is clear from the kymograph records of blood pressure,

pulse and respiration rates, and from the estimations of

blood dextrose that the amount of adrenaline required to

shorten the clotting time in the Cannon-Mendenhall test

(Cat, 2 x 10-7; Dog, 3 x 10**^ g/kg) might easily be liberated

endogenously. Furthermore, judging from the kymograph

records, it is possible that sufficient adrenaline might be

released to cause a rise in blood pressure, pulse rate,

respiration rate and blood dextrose equal to that caused by

the injected dose of adrenaline which lengthened clotting

tine in the Cannon-Mendenahll test (Cat, 2 x 10~^; Dog,

3 x 10**7 g/kg).

However, neither in the reports of Cannon et al. nor in

the present study was there a lengthening of Cannon-

Mendenhall clotting time by any procedure other than the

injection of a large dose of adrenaline.

In the Lee & White clotting time test there were

apparent shortenings of clotting time by adrenaline on many

occasions; on only two occasions (Cat 3, Dog L) were there

suggestions of a lengthening of clotting time.

It /
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It is difficult to hypothesise the function to an

organism of a mechanism whereby large and small doses of a

hormone, both within physiological limits, should lengthen

and shorten clotting time respectively.

It is suggested that, despite the results of the kymo¬

graph records, the doses of adrenaline which appeared to

lengthen clotting time were greater than mi^it be liberated

under physiological conditions.

The Cannon-Mendenhall clotting test is much further

removed from the natural process of clotting than the Lee &

White clotting test in glass tubes in which blood is allowed

to clot without other stimulus than surface contact. This

difference is even greater when the Lee & White test is

carried out in silicone-coated glass tubes. Accordingly, in

the present study in cats and dogs only a bare repeat was

made in single experiments of the lengthening and shortening

of Cannon-Mendenhall clotting time reported after the

injection of large and small doses of adrenaline in cats

(Cannon and Cray, 191AJ p.135 ).

Effect of Noradrenaline an Clotting Time

The adrenaline preparation used by Canncn and Gray was

prepared from natural sources and therefore contained 10-35/&

noradrenaline (p. 136 ), Adrenaline not containing nor¬

adrenaline ("synthetic adrenaline" ) was used in the experi¬

ments of the present study in which, it is suggested, the

effects /
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effects reported by Cannon and Gray were repeated. Thus

noradrenaline was not responsible for effects on clotting

time originally attributed to adrenaline by Cannon and Gray.
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Analysis of Effect of Procedures on

Clotting Time

The table shows the clotting times in each

animal which are recorded separately for Lee & White

clotting time in glass tubes, Lee St White clotting time in

silicone-coated glass tubes and Cannon-tondenhall clotting

times. They are classified as 'valid1 when technically

satisfactory and as 'invalid' when inadmissible for the

reason stated. The times given in the table are the inter¬

vals in minutes between carrying out the procedure indicated

in column 2, and taking subsequent readings.
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Animal Experiments.

We Ma

Analysis of Effect of Procedures on Clotting Time

3at Procedure Lee & White Clotting
Time in Glass Tubes

Lee & White Clotting
Time in Silicone-
coated Glass Tubes

1

Adrenaline
(synthetic)
1.0 x lCT6g/kg

Vali4:
at

36 mln) So 9ffeot
Invalid:
Control readings
differ widely

Adrenaline
(synthetic)
1.0 x lOT^g/kg

Invalid:
Only 2 subsequent readings obtained be¬
cause vessel wall had become damaged by

previous punctures

2
Adrenaline
(natural),
2.0 x 10T"°g/kg

Invalid:
Insufficient number of readings

3

Adrenaline
(natural)
l.o x icr6g/kg

Valid:
at 9 rain: No effect

Valid:
at 9 min: Lengthen¬

ing

Adrenaline
(natural),
1.0 x 10 g/kg

feva
Animal mo

lid:
ribund

U
Adrenaline
(natural)
2.0 x 10" g/kg

Valid:
at 4. rain i No effect

22 min: Shorten¬
ing

134- ®in: No effect

V^li4*
at 4- min: No effect

22 min: Shorten¬
ing

134- min: Mo effect

5

Adrenaline
(synthetic)
2.0 x 10"°g/kg

Adrenaline
(natural)
2.0 x lQ""°g/kg

Adrenaline
(natural)
1.0 x 10"-'g/kg
Adrenaline
(natural)
1.0 x 10~^g/kg

Invalid:
Insufficient number of control

readings
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Table XXXa cont'd

Cat Procedure
Lee & White Clotting
Time in Glass Tubes

Lee & White Clotting
Time in Silicone-
ooated Glass Tubes

6
Splanchnic
nerve

stimulation
(3 min)

ya}id:
at 9 min) Shorten-

56 min) ing
105 mini Ho effect

Valid!
at 9 min) Shorten-

56 min) ing
105 mini No effect

7

Splanchnic
nerve

stimulation
(1 rain)

Valid:
at 12 mini Shorten¬

ing
33 min: Ho effect

Invalid:
Control readings
differ widely

3

Sciatic
nerve

stimulation
(i min)

Validi
at i £j •«**

Invalid:
Insufficient number
of control readings

Splanchnic
nerve

stimulation
(l-§- min)

Valid;
«» £ No effect

Valid:
at 15 min: No effect

9
Adrenaline
(natural!
2.0 x 10 g/kg

Invalid:
Insufficient number of readings

10

Splanchnic
nerve

stimulation
(5 min)

Valid:
at 10 mini No effect Not done

Haemorrhage
(Aral./kg)

Haemorrhage
(6ml./kg)

Invalid:
Insufficient number
of readings

Not done

11

Splanchnic
nerve

stimulation
(2 min)

Adrenaline
(synthetic)
2.5 xlrt/icg

Haemorrhage
(8ml./kg)

Invalid:

Insufficient number of control readings
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cont'd

Cat Procedure Lee & White Clotting
Time in Glass Tubes

Lee & White Clotting
Time in silicone-
coated Glass Tubes

12

Adrenaline
(natural)
2.0xl<r6g/kg

Validi
at % S3 - «*•*

Invalid;
Insufficient number
of control readings

Haemorrhage
(6 ml./kg)

Invalids
Animal moribund

13

Adrenaline
(natural)
2»0xl0""&g/kg

Adrenaline

(natural)
2.Ox 10 g/kg

Adrenaline
(natural)
2.0 x 10""-'g/kg

Invalids

Insufficient number of control
readings

u

Haemorrhage
|4 ml./kg)

Haemorrhage
(3 ml./kg)

Valid;
at 36 min)

93 min) Mo effect
119 rain)

Invalid;
Insufficient number
of readings

15 Single reading of clotting time only

16 Haemorrhage Invalid;
Insufficient number of readings

17
Adrenaline

(natural)
2.0xlCT6g/kg

Invalids
Insufficient number of readings
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Ma co^t»d

Ga1 Procedure 0annon-Mendenhall Clotting Time

18

Adrenaline

(synthetic)
2.0 x lCTVkg

yalids
at 11 sin: Lengthening

31 min: No effect

Adrenaline
(synthetic)
2.0 x ICrog/kg

Valit}:
at

ZlS) Lmgthanlng
41 mins No effect

19

Adrenaline
(synthetic)
2.0 x 10-%/kg Invalid:

Control readings
Adrenaline

(synthetiq)
1.5 x lOrbg/kg

differ widely

20 So procedures carried out because control readings
differed widely

21

Adrenaline
(synthetic)
2.0 x icr7g/kg

Valid:

M SS) shorta^
51 min: No effect

22

A.C.7.H.
0.41'mg equiv'/kg

Valid:
at 4 min)

w Si)Ko e£feot
30 sin)

23
A.C.T.H.
O.Sl^g equiv'/kg

imaHA*
Control readings
differ widely-

24

Saline
0.5 nil.

Valid:
at

38 £j B°
Saline
0.5 ml.

Valid:
at

37 S) a«aat
A.C.T.H.

1.41'mg equiv'/kg
Invalid:
Terminal for vessels
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TsibXs SBifoi ipppfo'sl

Cat Procedure Cannon-Mendenhall Clotting Time

25

Saline
1»0 ml.

Valid;
at 12 min) „

16 min) No efiSct
Saline
1. 0 ml.

Valid;

W Ho effect19 min)

A.C.T.H.
0.4,5'mg equiv'/kg

yalids
at ' ■*»} Ho effect

15 nun)



Dog

Procedure

LeeandWhiteClottingTime inGlassTubes

LeeandWhiteClottingTimein Silicone-coatedGlassTubes
Cannon-Hendenhall ClottingTime

1

Haemorrhage 35ml./kg Haemorrhage 15ml./kg

Invalid»
Insufficientnumberofreadings

Notdone

Adrenaline (synthetic) 1.0xlO-^g/kg
Valid: at"P!Noeffect4.6mm)
Valid: at6min)Noeffect4.6min)

2

Adrenaline (synthetic) 1.0xKT^g/kg
ValicJ: atj.min)Koeffeot36min)
Valid: at4.min)Hoeffect36mm)

Notdone

Adrenaline (synthetic) 2.5Xicr6g/kg
Valid? at2min) 12lain)Hoeffect 38min)

Valid: at2min) 12min)Noeffect 38lain)

3

Adrenaline (synthetip) 3.0Xl(r6g/kg
Valid; at&min)afft77min)
Valid: at6min)„ffet77min)

Valid: at 77si 14.7min) 2»2n)Soeffeot



Dog

Procedure

LeeandWhiteClottingTine inGlassTubes

LeeandWhiteClottingTimein Silicone-coatedGlassTubes
Cannon-Mendenhall ClottingTime

A

Adrenaline (synthetic) 3.0xlCT'g/lcg

Mii:
at7min:Lengthening 32rain:hoeffect

Valid:- at7min:Lengthening 32min:Noeffect

Valid: at7min)Lengthen- 32rain)ing(Subsequentgross shorteningoccurr¬ ingspontaneously rendersvalidity doubtful)

5\

Adrenaline (synthetic) 3.0xlcf-V^g
Valid: at10min) 21lain)Noeffect 60min)

Valid: at10min:Noeffect 21min:Shortening60min:Hoeffect

Valid: at7min:Shorten¬
ing

41rain:Noeffect

Adrenaline (synthetic) 3.0xlCT^g/kg

Nosubsequentreadings

Valid: at12min:Shorten¬
ing

,49min:Noeffect

6

A.C.T.H. 0.^3'agequiv'/^g
Valid: at6ain) 32rain)Noeffect 57min)

Valid: at6rain) 32rain)Noeffect 57min)

Invalid: Controlreadings differwidely



Dog

Procedure

LeeandWhiteClottingTime inGlassTubes

LeeandWhiteClottingTimein Silicone—coatedGlassTubes
Cannon-Mendenhall ClottingTime

7

A.C.T.H. 0.47'mgequiv'/kg

Nosubsequentreadings

Invalid: Controlreadingstoo shorttoallow demonstrationof shorteningby procedure

8

A.C.T.H. 0.37'mgequiv'/kg
Validt at1$lain) 36nin)Noeffect 64ruin)

yolid: at15rain) 36rain)Noeffect 64rain)

Invalid: Controlreadings differwidely

9

A.C.T.H. 1.16'mgequiv'/kg

Invalid:
Controlreadingsdifferwidely

10

A.C.T.H. 0.24-'nigequiv'/kg

Notdone

Valid: at3rain) 14sin)Noeffect 26niin)

A.C.T.H.
equiv'/kg

Invalid: Subsequentreadings inadmissiblebecause vesselwallhadbecome damagedbyprevious punctures
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H&*m
Correlation Coefficients between results of Clotting Tests

Correlation between Lee & White clotting times in

glass tubes and in siiicone-coated glass tubes in

individual animals

DOGS CATS

Paired Animal Correlation Paired Animal Correlation
readings number coefficient readings number coefficient

15 2 - 0.49 13 5 + 0.72

13 9 + 0.86 7 6 + 0.94

12 6 ♦ 0.72 7 1 + 0.41

10 8 + 0.23 6 14 + 0.52

8 5 ♦ 0.45 5 8 «• 0.94

8 3 + 0.25 5 A + 0.77

7 4 + 0.63 5 11 ♦ 0.70

6 7 + 0.49 5 3 + 0.25

5 7 + 0.22

A 12 + 0.99

A 13 + 0.35

3 17 - 0.25

3 16 - 0,33

xx

Pooled correlation r = + 0.62
coefficient
(all 151 pairs) (t = 3.95 on 129 d.f.)

Significance of correlations (for more than 10 pairs only)

XX P<0.01
x 0.01 <P< 0.05
Other coefx's 0.05 < P
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Correlation Coefficients between results of Olottin- Tests
(cont'd)

Correlations between Lee & White clotting times in

glass tubes, Lee & White clotting times in ailicone-

coated glass tubes, and Cannon-Mendenhall clotting

times in individual dogs^

Number
of
paired
readings

Animal
number

Correlation between

Lee & White
in glass and
in silicone

Lee & White
in glass
and G-M time

Lee & White
in silicone
and C-M time

9 6 ♦ 0.95 - 0.11 - 0.28

9 8 + 0.18 " + 0»39 + O.46

5 3 + 0.16 + 0.56 + 0.10

5 9 + 0.84. + 0.87 + 0.98

4 4 + 0.90 ♦ 0.80 + 0.82

3 5 ♦ 0.99 - 0.65 - 0.70

Pooled
correlation
coefficients
(all 35 pairs)

S9£

r = ♦ O.64.
(t = 4-. 45
on 29 d.f.)

r =s + 0.29

(t = 1.61
on 29 d.f.)

r = + 0*12

( ±<1 )

Significance of correlations (for more than 10 pairs only)

■sat

X

Other coeffs

P < 0.01
0.01 < P <0.05
0.05 <P

For technical reasons it was impossible to take
simultaneous readings of Lee & White times and
Cannon-Mendenhall clotting times in cats

@
G-M time = Carmon-Mendenhall clotting time
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fficiaats between results of Clotting Tests
ounts

Correlation between Lee & White clotting times in

glass tubes and platelet counts in individual

animals

Tfib-Le XXffH

DOGS CATS

Paired Animal Correlation Paired Animal, Correlation
readings number coefficient readings number coefficient

13 2 ♦ 0.60 7 10 + 0.60

8 9 + 0.30 7 1 - 0.27

4 7 + 0.36 6 5 ♦ 0.31

3 6 - 0.53 4 3 - 0.04

A 11 - 0.72

3 17 - 0.57

Pooled correlation r « - 0.01
coefficient
(all 59 pairs) (t <1)

Significance of correlations (for more than 10 pairs only)

kk P < 0.01
* 0.01 <P <0.05
Other coeffs 0.05 <P
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Correlation Coefficients between results of Clotting Tests
and .Platelet Counts

(cont'd)

Correlation betireen Lee & White clotting times in

silicone-coated glass tubes and platelet counts

in individual animals

Table XXXIV
'

DOGS CATS

Paired Animal Correlation Paired Animal Correlation

readings number coefficient readings number coefficient

13 2 - 0.12 7 1 - 0.21

a 9 + 0.47 6 5 + 0.09

a 7 + 0.61 a 3 - 0.87

3 6 - 0.55 a 11 - 0.70

3 17 + 0.95

Pooled correlation r s= - 0.05
coefficient
(all 52 pairs) (i< 1)

Significance of correlations (for more than 10 pairs only)

3B£ P < 0.01
* 0.01<P<0.05
Other coeffs 0. 05 < P
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Correlation Coefficients between results of Clotting Tests
and Platelet Counts

(cont'd)

Correlation between Cannon-Mendenhall clotting times

and platelet counts in individual animals

DOGS CATS

Paired
readings

Animal
number

Correlation
coefficient

Paired
readings

Animal
number

Correlation
coefficient

5 9 + 0.90 3 a ♦ 0*86

A 7 - 0.62

3 6 0.92

Pooled correlation r =

coefficient
(all 15 pairs) (t =

S + 0.56

2.12 on 10 d.f.)

Significance of correlations (for more than 10 pairs only)

3QE P <0.01
3£ 0.01 <P <0.05
Other coeffs 0.05 <P
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Correlation Coefficients between results of Clotting Tests
and Eosinophil Counts

Correlations between Lee & White clotting times in

glass tubes and in sillcone-coated glass tubes

and eosinophil counts in individual dogs

&ble mi

Number
of
paired
readings

Animal
number

Correlation between

Lee & White glass
and eosinophils

Lee & White silicone
and eosinophils

11 9 + 0.44 + 0.50

9 8 + 0*54 + 0.51

4 7 + 0.58 + 0.95

4 6 - 0,77 - 0.46

Pooled correlation
coefficients
(all 28 pairs)

r = + 0.3-4

t = 1.74 on 23 d.f.

r = + 0.34

t = 1.74 on 23 d.f.

Significance of correlations (for more than 10 pairs only)

KK P<0,01
* 0.01 <p< 0.05
Other coeffs 0.05 < P
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Correlation Coefficients between results of Clotting Tests
and Eosinophil Counts

(cont'd)

Correlation betireen Cannon-Mendenhall clotting

times and eosinophil counts in individual animals

DOGS CAT

Paired
readings

Animal
number

Correlation
coefficient

Paired
readings

Animal
number

Correlation
coefficient

8 8 + 0.11 3
„

23 + 0.97

7 7 + 0.34-

5 6 + 0.15

A 9 + 0.36

Pooled correlation
coefficient
(all 27 pairs)

r = ♦ 0.17

(t <D

Significance of correlations 'for more than 10 pairs only)

39C P < 0. 01
* 0.01<P<0.05
Other coeffs 0.05 < P
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EXPERTHEM'S PI VITRO

It has been suggested that the results of the infusion

experiments in man and the experiments in animals show a

shortening of clotting time following the injection of

adrenaline; it has been further suggested that the infusion

experiments in man also show a shortening of clotting time

after A.C.T.H.

There is the possibility that these in vivo effects are

due to effects on blood clotting demonstrable in vitro. The

effect on clotting time of adrenaline added to blood in vitro

has been studied. In addition tests have been made of the

effect on clotting time of various other sub stances when

added to blood in vitro. Insulin (p, 59 ) and histamine

(p. 244) were included because it was thovght that they might

have been liberated in the body during the course of the

other experiments; ascorbic acid was tested because it was

added as a preservative to the solutions of adrenaline

infused in man (p. 119; Appendix, p. 4).

Previous Work

Adrenaline Concentration in Peripheral Blood in Man

It has hitherto been iiqpossible to make an accurate

estimate of the adrenaline content of the circulating blood

because the methods of estimation have been usually able to
**6 /

detect levels only of more than 10 g/1,

Weil-Malherbe /
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Weil-Malherbe and Bene (1952) have now introduced a

modified fluarometric method for the estimation of the level

of adrenaline-like substances in the plasma. The reactive

material consists of amines derived from catechol and the

results are therefore considered to represent the sum total

Of adrenergic amines. Expressing their results in terms of

adrenaline, these authors found that the mean amine concen¬

tration (with standard error) of 54 samples of venous blood

from hospital staff and patients corresponded to

5.59 1 0.045 x 10"6 g adrenaline/l. plasma. As can be seen

from the standard error of the mean, variations from the mean

were comparatively small, the range being 2.9 to 4.5 x 10"^
g/l. The fluorescence formed from noradrenaline is stated

to have been one-fifth of that produced by adrenaline so that

the same results expressed as noradrenaline are in agreement
•6 /

with the value of 10 to 20 x 10 g/1. reported by von Euler

and Schmiterlow (1947) who have given evidence that the

sympathomimetic amine occurring in blood of resting men is

largely 1-noradrenaline with an admixture of about l$>

adrenaline.

Estimates given by other workers, neglecting extra

adrenal sources of sympathomimetic amines, also tend to

confirm the value given by Weil-Malherbe and Bone. These

workers (Stewart and Eqgoff, 1917; Trendelenburg, 1925;

Guyton and Gillespie, 1951) tried to calculate the concen¬

tration of circulating adrenaline in consideration of the

rates of secretion said elimination or the amounts required to

maintain blood pressure after adrenalectomy. They all

arrived /
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<*6
arrived at figures of approximately 1 x 10 g/l.

Adrenaline in vitro and Blood Clotting (Waldron, 1951)

A shortening of the Lee & White clotting time in

collodion tubes by the addition of adrenaline or noradrenaline

to blood in vitro is reported by Waldron (1951). Two

commercial preparations of adrenaline were used, both of which

were prepared from natural sources and thus contained 10 to

55%> noradrenaline (Appendix, p. 3). The noradrenaline was

in the form of the bitartrate monohydrate salt of dl-

noradrenaline. Each blood sample was obtained from a

different ward patient by a single-syringe technique using

saline-wetted syringes. From each of 80 blood samples a

single reading was made of clotting time at 38°C in the

presence of one or two concentrations of either adrenaline or

noradrenaline and also a saline control reading. Previous to

the addition of 1.0 ml. blood, one tube contained 0.03 ml.

saline while the other contained either 0.03 ml. adrenaline

in saline or noradrenaline in saline.

Substance added
Addition
in vitro

Clotting
time

(min)

Saline
control
(min)

Adrenaline 10-2 9.3 12,3

10~3 10.2 12.5

Noradrenaline
t

o 9.0 10.3

5 x 10"4 8.2 11.0

(Each entry is the mean of 20 readings of clotting
time in minutes).

The /



243 -

The mean clotting times (with standard errors) for the

adrenaline treatments, expressed as percentage changes from

the mean clotting times for saline control tubes,were: -

Adrenaline (g/l» added)

10~2 10~3

Collodion tubes -24.3 - 6$ -18,6 - 2$

(95% confidence limits: -18,3 to -30,3$ -16,6 to -20,6$)

Noradrenaline (g/l. added)

10~3 5 x 10*4

Collodion tubes -13.0 - 7$ -25,7 - 11$

(95$ confidence limits: +1*0 to -2"}$ -3.7 to -47.7$)

Waldron also reports experiments in which blood was added

to the adrenaline or noradrenaline solutions and then the

adrenolytic drig piperidylmethyl benzodioxane added. He

states that the clot-accelerating property of adrenaline and

noradrenaline was here inhibited, Piperidylmethyl benzo¬

dioxane alone shortened clotting time but to a lesser extent

than adrenaline or noradrenaline.

The results of Waldron* s experiments ha-ve been included

in the calculations to determine the slope but not the

position of the linear regression of clotting time on

adrenaline concentration added in vitro (p. 322).

It is difficult to comment on Waldron's results for

I

noradrenaline because the higher noradrenaline concentration

in /



» 244 -

in the final reaction mixture (10**^ g/l.) produced a lesser

degree of shortening than that produced by the lower nor¬

adrenaline concentration (5 x 10*"^ g/l.). The concentrations

of noradrenaline used in the present study (4.2 x 10*"^ and

2.8 x 10** g/l., p. 291) were chosen to be similar to the

noradrenaline concentrations of Waldrcn. Allowance was made

for the use of 1-noradrenaline in the present study instead

of the dl-noradrenaline used by Waldron.

Histamine Concentration in Peripheral Blood in Man and Animals

The effect on clotting time of histamine added to blood

in vitro was studied because it has been suggested that there

is an increase in the blood histamine level during the intra¬

venous infusion of adrenaline (Eichler and Barfuss, 1940;

Staub, 1946; Koch and Szerb, 1950).

The absolute amounts of histamine found in the blood by

different investigators cannot always be compared because some

have failed to report whether their results are expressed in

terms of histamine as the free base, histamine hydrochloride,

or histamine phosphate. Since 60$ of the hydrochloride and

only 36$ of the phosphate is base, values given may differ

widely depending on the reference standards used, so that, if

this is not stated, direct comparisons cannot be made. The

free base is the active portion of each molecule and therefore

is the most satisfactory reference; the values given below

are in terms of the free base. A further difficulty is that

the granular leucocytes contain almost all the blood histamine

(Code, /
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(Code, 1937a). When suitable precautions are taken against

trauma, clotting and deterioration of the blood, the plasma

histamine content is negligible (Code, 1937b). Since the

blood picture should really be known before high histamine

levels can be said to belong to normal blood and since cell

counts have not often been done on blood of laboratory

animals subjected to histamine analysis, the values reported

below are approximate.

Dogs have generally had the lowest blood histamine

concentration of any species tested (Code, 1937as b); indeed

in many instances no histamine activity has been detectable

(Code, 1937c; Code and Jensen, 1941). The usual range is

undetectable to 4 * 10~5 g histamine base/litre vfcole blood.

Cats may have somewhat higher values (Barsoum and Gaddum,

1935; Marcou and Gingold, 1937; Code and Jensen, 1941).

Man is the only species sufficiently studied to give a

precise indication of the range of concentrations of hista¬

mine normally present in the bloods

Grams histamine base per litre No. of
whole blood subjects Reference

Mean Range tested

4.0 x 10~5 1.0 - 8.0 x 10~5 103 Haworth and
Macdonald
(1937)

4.0 x 10~5 2.5 <■ 8.0 x 10~5 50 Rose and Browne
(1940)

4.5 x 10~5. 1.9 - 7.1 x 10-5 20 Randolph and
Rackemann
(1941)

Haworth and Macdonald estimated the histamine concentra¬
tion by the method of Barsoum and Gaddum (1935); the estima¬
tions made by the other pairs of workers were by the same
method as modified by Code (l937d).
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Effect of Infusion of Adrenaline on Blood Histamine

Staub (1946) reported rises in blood histamine to

1.4 x 10"^ g/l. during intravenous infusions in man of

adrenaline 10*"'' g/min. A similar finding is reported in the

cat by Eiehler and Barfuss (1940). Their average dose of

adrenaline was as large as 1.5 x 10**"' g/kg body weight/rain

for periods up to three hours and pulmonary oedema developed

in most of the animals. It has been reported that adrenaline

causes a release of histamine from isolated rats' lung

(Koch and Szerb, 1950).

The conclusion of Mongar and Whelan (1955) who gave

*•5
intravenous infusions of adrenaline in man at rates of 10

and 2 x 10~5 g/min is different from that of the previous

workers. They found that although changes characteristic of

adrenaline were evident in forearm blood flow, there was no

change in blood histamine activity as measured by Code's

(I937d) modification of Barsoum and Gaddum's (1935) method
•i • ■ ■

using guinea pig ileum. A single repeat of the experiments

of Eichler and Barfuss (1940) was made in which adrenaline

2 x 10-5 was given intravenously in a cat anaesthetised

with pentobarbitone: no increase in blood histamine activity

was detected during or after a 15-minute infusion.

Dilution of Blood in vitro and Blood Clotting

Several workers have reported that dilution of blood or

plasma In vitro shortens clotting tins (Chevallier et al.,

19514) i Tocantins et al.. 1951} Copley and Houlihan, 1952).

Chevallier /



247 -

Chevalller et al. (1951b) have evolved a clotting test

depending on the calcium time curve of dilutions of citrated

plasma and have gone so far as to compare the response to

their test in healthy subjects with that in patients receiving

cortisone (Chevallier et al,. 1951a; P* 90).

Tocantins et al. (1951) reported that the shortest

clotting times of fresh blood and plasma in vitro in silicone-

coated glass vessels were attained with 60$ blood and 30$

plasma concentrations respectively. This difference in

concentrations was presumably because, owing to its red blood

cell content, blood diluted to 60$ contains about the same

concentration as plasma diluted to $0%. The shortest

clotting time of blood was 75$ of the clotting time of

undiluted blood while that of plasma was 90$ of undiluted

plasma. Most of the clot-accelerating effect of dilution

occurred in both blood and plasma between 100$ and 70$ blood

or plasma concentration. The curves expressing the relation

of clotting time to plasma concentration were all parabolic.

The addition of platelets, thromboplastin, cephalin, glass

particles or plasma euglobulin fractions did not interfere

with the acceleration of clotting by dilution. Results

similar to those with fresh plasma were obtained by dilution

of citrated plasma. The clotting time curves obtained by

progressive dilution of fresh plasma with buffered beef

fibrinogen, 5$ dextrose solution, acacia, buffered 0.85$

sodium chloride (pH 7.2), and imidazole buffer solution

(pH 7.4) were essentially similar to those obtained with

0.85$ /
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0*85% sodium chloride solution. It is generally assumed

that the clotting time of plasma is shorter than that of

■whole blood. This may be because the test is usually made

tvith plasma concentrations of about 33% (0.1 ml. plasma,

0.1 ml. 0,85$ sodium chloride, 0.1 ml, 0.025 molar calcium

chloride). Tocantins et al. hypothesise that dilution

shortens clotting time either by reducing the activity of

anti-clotting substances (e.g., antlthrombin) or by releasing

the conjugation of a procoagulant with something rendering

it inactive.

Present Work

Source of Blood Samples

The small volumes of blood required for in vitro tests

were obtained either from volunteers in the medical staff or

from patients suffering from conditions presumed to have no

effect on blood clotting. The opportunity was taken to

withdraw blood from the patient s when a blood sample was

required by the clinical staff to assist in the diagnosis or

to follow the treatment of the illness in the particular

patient. No attempt was made to record or regulate the

physical or mental activities of the subjects prior to the

withdrawal of a blood sample.

Methods /



- 24.9 -

Methods

All withdrawals of blood were by the two-syringe

technique (Appendix, p. 8). The 2 ml. of blood in the first

syringe and some of the blood in the second syringe was used

for the estimation for which the blood sample had been

originally requested, e.g., Wassermann reaction, blood

grouping. The remainder of the blood in the second syringe

was immediately transferred to a silicone-coated glass

vessel in ioe and water. Within five minutes after with¬

drawal, this blood was used for the Lee & White clotting time

test. Either 12 or 16 clotting tubes were each filled with

0.7 ml, of blood from the same subject. When citrated

plasma was required, nine volumes of whole blood., immediately

after withdrawal in the second syringe, were thoroughly mixed

with one volume of 3.8^ sodium citrate solution in a silicane-

coated glass vessel in ice and water. Platelet-rich and/or

platelet-poor citrated plasma was prepared from the citrated

whole blood as described in the Appendix (p. 11), Also

described in the Appendix are the techniques of Lee & White

(p. 12), calcium time (p. 22), heparin resistance (p, 22),

Quick's prothrombin time (p. 23) and thrombin clotting time

(p. 24) tests in the presence of substances added in vitro.

In the present study two of the treatments in the Lee &

White clotting tests in the presence of test substances

added in vitro - laevulose, dextrose, adrenaline (Experiment 1)

noradrenaline - contained none of the test substance in the

reaction /
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reaction mixture. In one of these treatments the blood was

diluted with the same volume of saline diluent used in the

treatments where it contained a concent ration of the test

substance; in the other the blood was undiluted. The

difference between the clotting times for these two treat¬

ments was thus due to the acceleration of clotting time by-

dilution only (p.24-6 ), The demonstration of a shortening

of clotting time by dilution was thai taken as incidental

evidence that the experiment was adequate to show any further

shortening of clotting tin® by the particular test substance

whose effect the experiment was designed to test.

Presentation of Data

(Table XXXVIII gives a summary of all the in vitro

experiments made.)

Lee & White Test in the Presence of Substances added in vitro

Pour substances were tested * laevulose, dextrose,

adrenaline (three experiments) and noradrenaline. Raw data

tables are provided for all results obtained with each

substance tested. These are subdivided for glass and

silioone-coated glass tubes and for small and large diameter

tubes; with adrenaline there is a further subdivision into

synthetic and natural adrenaline (see list in Table XLIX).

An analysis of variance was made on the observations in each

raw data table and immediately below each table an excerpt is

provided /
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provided giving the standard error of the difference between

mean results for any two treatments.

In addition to the analysis of variance for each raw

data table, an analysis of variance was made on all the

"observations" obtained with the same test substance, A

single "observation" is here regarded as being the mean of

the one to four replicate readings of clotting time with the

same treatment, using blood from the same subject. In these

analyses the observations from glass and silicone-coated

glass tubes and from small and large diameter tubes are all

combined. With adrenaline, observations using synthetic and

natural adrenaline are also combined; three pooled analyses

of variance are provided - one for each of Adrenaline Experi¬

ments 1,2 and 3 (Tables L, LI and LII respectively).

Clotting Tests using Citrated Plasma in the Presence of
Substances added in vitro

(Calcium time, heparin resistance, Quick's prothrombin

time and thrombin-plasma reaction time tests.)

Here the raw data tables have been included in the text

rather than in the section for tables of raw data as has been

done elsewhere. All clotting tests using citrated plasma

in the presence of the same test substance are grouped

together. Where Lee & White clotting times were also made

in the presence of the same test substance, they precede the

clotting tests using citrated plasma in the text.

With /
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With the calcium time, Quick's prothrombin time and

thrombin-plasma reaction time tests the mean clotting time

with each treatment and the standard error of any treatment

mean are given immediately below each raw data table. An

analysis of variance was made on the raw data in each table

and the extract gives the variance ratio (P) for the "between

treatments" item and its degrees of freedom together with

the degrees of freedom for the residual item used as error

term. Where the variance ratio is >1, the level of

statistical significance is also given. For example,

"Effect of differences between concentrations of test sub¬

stance not significant, F^,. <<**
or

"Effect of differences between concentrations of test sub¬

stance is significant, s 2»76, 0.02 <P < 0.05."

The analyses of variance in the heparin resistance tests

(with citrated plasma) were made on the logarithmic trans¬

formation of the raw data because the error of any reading of

clotting time in this test was thought to be directly pro¬

portional to the length of the clotting time. The extract

from the analysis of variance on the data in each table states

whether differences between treatment means were sigiificant.

This statement is based on the size of the variance ratio for

the "between treatments" item. The geometric means of the

clotting times in minutes for each treatment are also given

and /
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and the 95% confidence limits for any treatment mean are given

as a percentage of the estimate. These 95$ confidence limits

were computed directly from the standard error in log units.

At the end of the section for tests using eitrated plasma

in the presence of each test substance a conclusion is given.

Table XXXVIII gives a summary of all the in vitro experiments

made with all test substances.

Dextrose or Laevulose added in vitro and Blood Clotting

Lee & White Test in the Presence of Dextrose or

Laevulose added in vitro.- Blood from a different subject

was used for each of 15 experiments. In each experiment

12 small (9 mm) diameter clotting tubes were filled with

0,7 ml. whole blood as described in the Appendix (p. 27).

Single readings of clotting time in both glass and silicone-

coated glass tubes were made in each experiment with each of

six "treatments". Previous to the addition of the blood,

2 of the 12 tubes were empty (Treatment (f))} 2 tubes con¬

tained 0,1 ml. saline only (Treatment (e)); the remaining

8 tubes contained 0.1 ml. saline carrying concentrations of

the test substances giving the following added blood reaction

mixture concentrations

Results

Treatment dextrose AO mg/100 ml
dextrose 80 rag/100 ml
laevulose 10 mg/100 ml
laevulose 20 rag/100 ml(a)

Part /
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Part of the blood sample withdrawn from each subject was sent

to the Biochemistry Laboratory, Royal Infirmary, Edinburgh,

for blood dextrose estimation (Hagedorn-Jensen, 1923)J the

mean "intrinsic" blood dextrose for the 13 subjects was

87 mg/100 ml. (with standard error of mean -6 mg/100 ml.).

The dextrose concentrations in the final reaction mixtures

("total" blood dextrose) in Treatments (a) and (b) were thus

(87 + 4-0) mg/A00 ml. and (87 + 80) mg/100 ml. respectively.

The "total" blood dextrose concentrations in the final

reaction mixtures with all the other treatments were

87 mg/100 ml. (see note with Table CLXVIl). These concen¬

trations are approximate because no allowance has been made

for the final reaction mixture being 87.5$ and not 100$

blood. The intrinsic blood laevulose was assumed to be

nil (p. 16 ).

Two raw data tables (Tables CIXVTI, CLXVIII) have been

prepared by subdividing the data from glass tubes and sili-

cone-coated glass tubes. An extract from the analysis of

variance on the observations in each raw data table is

provided. This gives the mean clotting times for each

treatment for glass and silicone-coated glass tubes separately

and the standard error of the difference between any two

means. In the first experiment (blood sample from Subject

I.W., Table CLXVIII) the silicone-coated glass tubes were

technically unsatisfactory and were discarded. The glass

tube readings for this experiment are given in the appropriate

raw data table (Table CLXVIl) but the analysis of variance

was /
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was made an the remaining 12 experiments where readings from

both glass and silicone-coated glass tubes are available.

In the "mean clotting time and analysis of variance" table

(Table XXXIX) the observations from glass and silicone-coated

gLass tubes are combined.

The mean clotting times for each treatment and the

"between treatments" item of the analysis of variance can

profitably be inspected together. The reaction mixtures in

Treatments (a), (b), (c), (d) and (e) are 87.5$ blood because

to 0.7 ml. blood were added 0.1 ml. saline (Treatment (e)),

0.1 ml. dextrose in saline (Treatments (a) and (b)), or

0.1 ml. laevulose in saline (Treatments (c) and (d)). In

the empty tubes (Treatment (f)) the reaction mixture was 100$

blood. This dilution by itself was no doubt responsible for

the finding that the longest mean clotting time was that for

Treatment (f). For glass and silicone-coated glass tubes

combined, the difference between mean clotting times for

saline (e) and empty (f) tubes amounted to 2,7$ of the mean

clotting time of the empty tubes (f). The corresponding

values for glass and silicone-coated glass tubes separately

are 3.0 and 2.4$ respectively. Far glass tubes only, the

difference between the mean clotting times for Treatments

(a), (b), (c), (d) and (e) together and Treatment (f) is

significant (difference = 0.5 min, with standard error -0,20

on 56 d.f.j P < 0.01). The corresponding difference for

silicone-coated glass tubes only is not significant which is

surprising because in Adrenaline Experiment 1 (p. 269 ) and

noradrenaline /
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noradrenaline (p.291 ) experiments the mean percentage

difference in clotting time between saline and empty control

tubes was larger in silicone-coated tubes than in glass tubes.

The explanation may be that in the dextrose and laevulose

experiments all tubes were of small diameter (see p. 275);

on the other hand, small diameter tubes were used in the

Lee & White clotting time experiment in the presenoe of

noradrenaline added in vitro (p, 291 )•

For glass and, silicone-coated glass tubes combined the

contribution to variance "between treatments" has been

divided in Table XXXIX into "between saline (e) and empty

controls (f)"; "regression on Dextrose Treatments (a), (b)
and saline (e)"j "regression an Laevulose Treatments (c),

(d) and saline (e)". The same "between treatments" item

can alternatively be divided to give a variance ratio for

the contribution to variance between Treatments (a), (b),

(c), (d) and (e) together and Treatment (f). This variance

ratio is significant (F^ » 5.^2, 0.01 < P < 0.05).
With both laevulose and dextrose, the order of mean clotting

times (see Tables XXXIX, CLXVII, CLXYIII) suggests that there

might be a significant negative correlation between Lee &

White clotting time and dextrose and. laevulose concentration.

The variance ratios for both regressions are however, not

significant. The mean clotting times for the Dextrose

Treatments (a) and (b) (Table XXXIX) expressed as percentage

changes from the mean clotting times for saline control (c)

tubes /
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tubes were;-

Dextrose Treatment

(a) (b)
$ %

Glass and silicone combined -3.7 -4.8

Glass only -4,3 -4.3

Silicone only -3.3 -5.1

(The standard error of the percentage change for
glass and silicone-coated glass tubes combined
was t 3,36$.)

The corresponding values for the Laevulose Treatments

(c) and (d) weres-

Laevulose Treatment

(c) (d)
% %

Glass and silicone combined -2,4 -5.1

Glass only -2,6 -2,9

Silicone only -2,3 -6,5

(The standard error of the percentage change for
glass and silicone-coated glass tubes combined
was t 3.36$.)

From the residual variance within subjects ("error

tern") of the analysis of variance for the glass and silicone

data combined (Table XXXIX) it can be computed that the

minimum significant percentage change between treatment means

which the experiment was sensitive enough to detect was

*5.2$.
Clotting Tests using Citrated Plasma in the Presence

of Dextrose or Laevulose added In vitro.- (See p. 260.)



Dextrose&Laevulose

AnalysisofeffectsofdextroseandlaevuloseaddedinvitroonLee&Whiteclottingtime(glasstubesandsilicone-coatedglasstubescombined!Alltubeswereofsmalldiameter
A)MeanResponsefor each1treatment* (S.E.ofdifference betweenanytwomeans ±0.35zain,on132d.f.)

Additioninvitro.
Dextrose

Laevulose

Saline

Nil

(mg/lOOml.)
♦401+80
+10

♦20

Meanclottingtime in minutes

10.67|b)10.55
c)10.81

10.52

e)11.08

11.38

B)AnalysisofVariance:(144.observations,eachbeingasinglereading) CONTRIBUTIONTOVARIANCE
d.f.

SUMOFSQUARES
MEANSQUARE
VARIANCERATIO (withsignificance)

BetweenSubjects:

11

579.38

WithinSubjects:
1)BetweenTreatmentsabcdef
5

13.65

duetoregressiononb,a,e
1

3.39

3.39

2.13

duetoregressionond,c,e
1

3.80

3.80

2.39

aboutbothregressions
2

5.27

2.64

1.66

betweeneandf

1

1.19

1.19

<1

2)BetweenGlass&Silicone
1

714.45

714*45

449.34«t

Interaction(1x2)

5

1.98

0.40

<1

Residualwithinsubjects
121

191.84

1.59

SBCP<0.01 SI0.01<P<0.05 otherratios 0.05<P

TOTAL143

1501.30

CONCLUSION:Dextrose:Althoughtheorderofmeanclottingtimesb<a<eissuggestive,thisexperimenthas notdetectedasignificantnegativecorrelationbetweenLee&Whiteclottingtimeanddextroseconcentrations overtherange167to67mg/100ml.wholebloodaddedinvitro..('Total1blooddextroseof167or127mg/100ml.-87mg/100ml.meanintrinsicblooddextroseconcentrationas measuredbyHagedoro-Jensen(1923)method+84or40mg/100ml.dextroseaddedinvitro.) Laevulose:Similarlywithlaevulose,theorderofmeanclottingtimesd<c<eissuggestive.
HowevertheexperimenthasdetectednosignificantcorrelationbetweenLee&Whiteclottingtimeandlaevulose 20&10mg/100ml.wholebloodaddedinvitro.



Experiments in vitro*

The Effect of Laevulose added in vitro on:-

1* Heparin Resistance Test (Waugh-Ruddick Test)

2. Quick's Prothrombin lime

3* Thrombin-Plasma Reaction Time

PRINCIPLE;
Determine clotting times of fresh cltrated

plasma samples carrying laevulose concentrations
in logarithmic series. To allow for the
possibility of deterioration in any reagent
during the course of the experiment, test several
replicates in a balanced random order derived
from a latin square.

REAGENTS:
Fresh citrated plasma - platelet-rich for heparin
resistance test and platelet-poor for Quick's
prothrombin time and thrombin-plasma reaction
time tests.
Heparin, 'Liquemin' Evans, 1000 u,/rol.
Human brain thromboplastin, acetone dried.
Human thrombin, Lister Institute (batch no, 401).
Laevulose, bacteriological standard, Serfoot & Co,

RESULTS:
1. Heparin Resistance Test:

Heparin and laevulose concentrations each
contained in 0,1 ml. 0.85$ sodium chloride
solution added to 0.4 ml. platelet-rich citrated
plasma. Each entry in the Table is a single read¬
ing of clotting time at 37°C in minutes following
the addition of 0.1 ml. of 0.10 molar calcium
chloride solution.



Laevulose (cont'd)

- 261 -
Experiments in vitro

Heparin resistance test (cont'd)

Table XL

Plasma
Laevulose
(ag/lOOml.

added)

Plasma Heparin
(u./ml. added)

Geometric
mean of

clotting
times0.62 0.31 0.16 0.08

42.7 8 min 10$ n 7 8.5 min

13.9 12 11£ H 5$ 9.1

4.6 12$ n 6 6$ 8.0

1.6 10k 7 5$ 41® 6.7

Mean 10.8 min 9.3 7.1 6.1

® denotes missing reading estimated by iterative method
given by Snedecor.

from Analysis of Variance; (on logarithmic transformation of
data)

Differences between treatment means are not significant.
95% confidence limits for any treatment mean are 83 - 120%
of the estimate.

2. Quick's Prothrombin Time:
(sec)

Table XLI

Replicate
reading
of

Plasma Laevulose
(mg/lOQml. added)

clotting
time 27.8 9.3 3.1 1.0

1 13.3 sec 13.3 13.6 14.2

2 13.3 13.4 13.3 14.1

3 13.6 13.3 13.9 13.7

4 14.2 14.1 13.7 14.5

Mean 13.6 sec 13.5 13.8 13.7

(Analysis of Variance overleaf)



Experiments in vitro.

Laevulose (cont'd)

Quick's prothrombin time (cont'd)

from Analysis of Variance:

Effect of differences between laevulose concentrations,
not significant (F(3^)<1)
S.E. of mean of 4 readings = ± 0.13 sec

3. Thrombin-Plasma Reaction Time:
(sec)

Replicate
reading
of

Plasma Laevulose
(ag/lOQml. added)

clotting
time 27.8 9.3 3.1 1,0

1 18.2 sec 19.7 20,0 18.2

2 19.8 23.0 20.7 20.3

3 19.9 21. 0 21*0 20.7

4 21.3 20,8 21.8 20.1

Mean 19.8 sec 21.1 20,9 19.8

from Analysis of Variance?

Effect of differences between laevulose concentrations,
not significant ^(3f6) =2.88, 0.20 < P)

CONCLUSION;
There is no evidence of a negative correlation

between laevulose concentration and clotting time
as measured by

Clotting Test
Range of laevulose cones

tested (mg/lOOml.)

Heparin resistance teat

Quick's prothrombin time

Thrombin-plasma reaction
time

42.7 to 1.6

27.8 to 1.0

27.8 to 1.0
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Experiments in vitro.

The Effect of Dextrose added in vitro ons-

1. Heparin Resistance Test (Waugh-Ruddick Test)

2. Quick's Prothrombin Time

3* Thr.;mbin-Plasma Reaction Time

PRINCIPLE;
Determine clotting times of fresh citrated

plasma samples carrying dextrose concentrations
in logarithmic series. To allow for the
possibility of deterioration in any reagent
during the course of the experiment, test several
replicates in a balanced random order derived
from a latin square.

REAGENTS*
Fresh citrated plasma - platelet-rich for heparin
resistance test and platelet-poor for Quick's
prothrombin time and thrombin-Plasma reaction
time tests.
Heparin, 'Liquemin' Evans, 1000 u./ml.
Human brain thromboplastin, acetone dried.
Human thrombin, Lister Institute (batch no. 4-01).
Dextrose, 'Malar' grade.

Note:
'Total' plasma dextrose denotes the dextrose
concentration in the final reaction mixture,
and is derived from 2 sources:-

A) Intrinsic plasma dextrose as measured by
Hagedora-Jensen method.

B) Dextrose added in vitro.

RESULTS:
1. Heparin Resistance Test;

Heparin and dextrose concentrations each
contained in 0.1 ml. 0.85$ sodium chloride
solution added to 0.4 ml. platelet-rich citrated
plasma. Each entry in the Table is a single read¬
ing of clotting time at 37°C in minutes following
the addition of 0.1 ml. of 0.10 molar calcium
chloride solution.
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Experiments in vitro.

Dextrose (cont'd)

Heparin resistance test (cont'd)

'Total'
Plasma
Dextrose

(ag/lOOml.)

Plasma Heparin
( u./ml, added )

Geometric
mean of
clotting
times0,83 0.42 0.21 0,11

576 9|- min 10k 9f 6 8.7 min

376 H *i@ 10* 4-2" 7.5

201 iH 7 7 H 7.8

139 20 12§- 6f H 10,1

Mean 12,5 min 9.6 8.4 si

&|
denotes missing reading estimated by iterative
method given by Snedecor

frpm Araflygta of Variance»
(on logarithmic transformation of data)

Differences between treatment means are not signifie at,
95# confidence limits for any treatment mean are 73 - 137#
of the estimate.

T%blQ XLIV
•Total'
Plasma
Dextrose

Plasma Heparin
( u./ml. added )

Geometric
mean of
clotting
tame(mg/lOQml,) 0.45 0.30 0.20 0,13 Nil

554

304

179

117

B5

54

19f min

15-f

13k

i2i

13k

13

14i

ioi

8£

lot

10i

7

6*

ok

6*

7i

5i

Si

7's

5i

5i

6*

31

3f

3|"

4

3g-

3a"

8.3 min

7.4

7.2

7.6

7.0

7.5

Mean 14»7min 10,7 7.2 6.0 3.7 j
1
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Experiments in vitro.

Penrose (cont'd)

Heparin resistance test (cont'd)

@
denotes missing reading estimated by iterative
method given by Snedecor

from Analysis of Variancet
(on logarithmic transformation of data)

Differences between treatment means are not significant.
95$ confidence limits for any treatment mean are 89 - 112$
of the estimate.

2. Quick's Prothrombin Time%
(sec)

m

Replicate
reading
of

•Total' Plasma De:itrose

( mg/100 ml. )
clotting
time 433 271 174 117 84 38

1 20.2sec 19.1 19.9 18.9 18.8 19.1

2 19.2 13.5 13.0 19.0 20.4 19.2

3 18.9 18.2 13.0 13,9 18.7 18.1

4 16.0 17.4 17.3 16.5 15.9 16.7

5 15.5 15.5 15.0 15.6 15.8 15.6

6 , . @14.6 14.7 14.7
0

15.5 14.5 14.2

Mean 17.4.see 17.2 17.2 17.4 17.4 17.2

@
missing reading estimated by iterative method
given by Snedecor

from Analysis of Variance;

Effect of differences between dextrose concentrations,
not significant, ^ < 1«

S.E. of mean of sis: readings = +0.22 sec
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Experiments in vitro.

Dextrose (cont'd)

Quick's prothrombin time (cont'd)

Table

Replicate
reading
of

' Totf.il' Plasma Dextrose

( mg/100 ml. )
clotting
time 4-37 270 173 116 83 37

1 17.7sec 17.9 17.9 17.2 17.3 16.9

2 19.5 19.8 17.8 16.9 17.5 17.5

3 17.2 16.0 18.0 16.3 16.4 16.7

4 16.0 14.7 15.3 15.0 15.3 15.2

5 15.6 14.9 14.6 14.2 15.3 15.1

6 16.1® 15.0 16,5 15.0 15.5 14.9

Mean 17.0sec 16.4 16.7 15.8 16.2 16.1

@
missing reading estimated by iterative method
given by Snedecor

from Analysis of Variances

Effect of differences between dextrose concentrations,
not significant, F^ ^ = 1.70
S.E. of mean of six rea ings = & 0*28 sec

Table XLVII

Replicate
reading
of
clotting
time

'Total' Plasma Dextrose

( og/lOOml. )
a)
310

b)
210

c)
152

d)
117

e)
98

f)
70

1 28.3sec 27.5 28,5 27.1 28.5 28.9

2 29.7 28,6 28.7 28.8 30.5 29.6

3 30.0 29.1 29.6 28.1 30.0 30.3

4 29.4 32.2 30.0 26.8 30,4 29.0

5 31.7 33.7 32.9 32.7 32.5 33.4

6 33.9 34.9 34.5 35.8 31.9 36.4

Mean
a)
30.5sec

b)
31.0 °k7 ^9.9 "1.6 fk.3
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Dextrose (cont'd)

Experiments in vitro

Quick's prothrombin time (cont'd)

@
missing reading estimated by iterative method
given by Snedeeor

from Analysis ox Variance;

Effect of differences between dextrose concentrations is
significant, ?(5 jj§) = -4*50, P <0.01
S.E. of mean of six readings - £ 0.21 sec

Effect of differences between dextrose concentrations is
significant chiefly because mean (d) is smaller than the other
five means. This small mean for (d) depends on the fourth
replicate reading. When this reading is replaced by a
reading estimated from the remainder of the data by the
iterative method given by bnedecor the effect of differences
between dextrose concentrations becomes not significant.

3. Thrombin-Plasma Reaction Time;
(sec)

Table XLVTII

Plasma
cone of
added
thrombin
(u./ml.)

'Total' Plasma Dextrose

( rag/lOOml. )

547 297 172 110 78 47

20.0 6.0seo
6.0

5.5
7.5

6.0
7.5

9.0
10.0

6.5
3*0

5.5
6.0

13.3 10.5
11.0

8.0
12.0

9.0
10.0

9.0
10.0

7.5
9.0

10.0
16.5

3.9 12.0
15.0

10.0
17.0

11.0
11.5

11.0
11.0

9.5
11.0

11.5
20.0

5.9 16.0
17.5

15.0
16.0

15.0
15.5

15.0
16.5

14.5
15.0

15.0
13.0

4.0 21.0
24.0

21.0
22.0

19.0
21.0

19.0
27.0

20.0
21.0

25.0
28.0

2.6 25.5
27.0

23.0
27.5

23.0
28.0

27.0
30.0

25.0
26.0

27.0
30.0

Mean I6.0sec 15.4 14.7 16.2 14*4 17.7
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Experiments in vitro.

Thrombin-vlasma reaction time (cont'd)

from Analysis of Variance: (on means of 2 replicate readings)

Effect of differences between dextrose concentrations,
not significant, ?($ 19)
S.l. of mean of six mean readings « ± 1.38 sec

qoncpsiom
There is no evidence of a negative correlation

between dextrose concentration and dotting time
as measured bys

Clotting test Range of 'total1 plasma
dextrose eoncs tested

Heparin resistance test

Quick's prothrombin time

Thrombin-plasma reaction time

576 to 54- mg/lOOml#

433 to 37

547 to 47
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Adrenaline added in vitro and Blood Clotting

Lee & White Test in the Presence of Adrenaline added

in vitro.- Three experiments were carried out. The object

of Experiment 1 was to repeat the experiment of Waldron

(1951J p. 242 ). Experiment 2 covered approximately the

same range of adrenaline concentrations as Experiment 1 but

had four adrenaline treatments instead of two adrenaline

treatments, saline, and empty control treatments as in

Experiment 1. Experiment 3 contained a much smaller number

of observations than either Experiment 1 or 2 and was

designed to test the effect on clotting time of adrenaline

concentrations in the region of the reported resting blood

adrenaline level in vivo (p. 24.0 ) and the mean estimated

level attained in the present stu^y in the adrenaline

infusions in man (p. 327 ).

Adrenaline Experiment 1

Blood from a different subject was used fear each of 20

experiments. In each experiment 16 small (9 mm) or large

(12 ram) diameter clotting tubes were filled with 0.7 ml.

whole blood as described in the Appendix (p. 27). Two

replicate readings of clotting time in both glass tubes and

in silicone-coated glass tubes were made in each experiment

with each of the four treatments. All calculations are

based an "observations" which are the means of pairs of

replicate readings; where a replicate reading was lost, the

remaining /
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remaining reading was regarded as an observation; 160 obser¬

vations were made. In the analysis of variance "within

subjects", the residual variance after taking out "between

treatments" and "between glass and silicone" items and first

order interactions has been used as a measure of error. The

error mean square computed in this way is 1,39. As a check

on this value another mean square for error was computed from

the difference between the pairs of replicate readings making

up each observation. Its value was 1.26 and this gives the

true experimental mean square for error* The difference

between the two error terms is not significant

(j3 m 0.049, 0,05 < £), and the "residual within subjects"

error term has been used to provide the error mean square.

Previous to the addition of the blood, four tubes were

empty (Treatment (d)), four contained 0.1 ml. saline (c) and

the remaining eight comprised four of each of two adrenaline

concentrations in 0.1 ml. saline (Treatments (a) and (b)).

The adrenaline solutions gave final reaction mixture coneen-

trations of 1.25 x 10 g/l. (Treatment (a)) and 1,25 x 10

g/l. (Treatment (b)). In six of the experiments "natural"

adrenaline was used and in the remaining 14 experiments,

"synthetic" adrenaline (Appendix, p, 2),

Eight tables of raw data (Tables CLXIX-CLXXVT) were

prepared by subdividing the data from experiments using

synthetic and natural adrenaline, the data from glass and

silicone-coated gLass tubes and the data from small and large

diameter tubes (see list given in Table XLIX), Immediately

below /
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"below each table of raw data an excerpt is provided from the

analysis of variance for the data tabulated giving the

standard error of the difference between mean clotting times

for any two treatments. In addition, a combined analysis of

variance was made on all the observations in Experiment 1

(Table L). In this combined analysis of variance only the

total contribution to variance from "between subjects" has

been computed because it was not considered to be of interest

in the present study whether there were significant differ¬

ences between blood from different subjects in response to

adrenaline. The mean clotting times for each treatment for

glass and silicone-coated glass tubes combined (Table L) and

the corresponding means far glass and silicone-coated glass

tubes separately ares-

Treatment

Adrenaline Saline Empty
(a) (b) (c) (d)
min min min min

Glass and silicone combined 10.00 10.60 10.97 12,18

Glass only 7.75 8.02 8.24 9.08

Silicone only 12.25 13.18 13.69 15.27

(Each mean glass or silicone clotting time in minutes is
derived from 20 observations.)

The greatest difference between mean clotting times is

between those for Treatments (a), (b) and (c) together and

Treatment (d). Since 0.7 ml, of blood were added to 0,1 ml.

saline (Treatment (c)) or 0.1 ml. adrenaline in saline

(Treatments /
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(Treatments (a) and (b)), the reaction mixtures in Treatments

(a), (b) and (c) are 87.5$ "blood whereas in Treatment (d) the

reaction mixture is 100$ blood. This dilution by itself was

no doubt responsible for the highly significant (P <0.01)

shortening of clotting time in Treatments (a), (b) and (c).

For glass and silicone-coated glass tubes combined, the

difference between mean clotting times in saline (c) and

empty (d) tubes amounted to 10.0$ of the mean clotting time

of the empty tubes (Treatment (d)}» The corresponding

values for glass and silicone-coated glass tubes separately

were 9.2 and 10,4$ respectively.

The mean clotting times for the Adrenaline Treatments

(a) and (b) expressed as percentage changes from the mean

clotting times for saline control tubes were:-

Adrenaline Treatment

(a) (b)
$ $

Glass and silicone combined -8,8 -3»3

Glass only -6.0 -2,8

Silicone only -10,5 -3*8

(The standard error of the percentage changes for
glass and silicone-coated glass tubes combined
was ±2,37$.)

The variance ratio for the contribution to variance

between Treatments (a) and (b) together, and (c), is not

significant (0.05 < P) but the variance ratio between

Treatments (a) and (b) is significant (0.01 < P < 0.05).

The /
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The experiment has thus detected a significant negative

correlation between Lee & White clotting time and adrenaline

1.25 x 10 and 1.25 x 10 g/1. whole blood added in vitro.

Prom the mean clotting times for Treatments (a) and (b)

(glass said silicone-coated tubes caribined) it can be seen

that this ten-fold increase in adrenaline concentration has

however produced an effect whose magnitude represents a fall

in clotting time of only 5.7$ (with standard error -2.5$).

The corresponding falls in mean clotting times for glass and

silicone-coated glass tubes separately are 3.3$ and 7.1$

respectively.

Prom the residual variance within subjects ("error term")

of the combined analysis of variance (Table L) it can be

computed that the minimum significant percentage change

between treatment means which the experiment was sensitive

enough to detect was -3.9$.

It is of interest that all three first order inter¬

actions are statistically significant. None of these inter¬

actions is of direct importance to the significance of the

differences between treatments, but because of their

statistical significance they require examination.

Interaction /
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Interaction between synthetic and natural adrenalines,

and glass and silicone-coated glass surfaces.- (interaction

1 x 4 in Table L),

Mean clotting time in minutes:-

Glass

Silicone

Difference
between means

Synthetic
adrenaline
(means of 24
observations)

(rain)

8.05

13.92

5.87

Natural
adrenaline
(means of 58
observations)

(rain)

8.79

12.86

3.07

Difference
between
means

(min)

+0.74

-1.06

The length of the four mean clotting times is

(synthetic adrenaline x glass) < (natural adrenaline x glass)
< (natural adrenaline x silicone) < (synthetic adrenaline x

silicone). This ranking of means suggests that the effect

of natural adrenaline is less in glass tubes and greater in

silicone-coated tubes than that of synthetic adrenaline. It

is difficult to hypothesise a physiological basis to accord

with this finding and it is suggested that the significance

of this interaction is due to random sampling. Such a

chance effect mi$it be due to a random effect in any one of

the four means tabulated. The chance of such a random

effect occurring is increased by the fact that the sum of the

two mean clotting times in glass (16.84 min) is much less

than that of the two mean clotting times in silicone

(26.78 min), whereas the sum of the two synthetic adrenaline

means (21.97 min) is about the same as that of the two

natural /



- 275 -

natural adrenaline mesns (21.65 min).

Interaction between small and large tube diameters and

glass and silicone-coated glass surfaces.- (interaction

2 x 4 in Table L).

Mean clotting times in minutes

Small diameter
(9 mm) tubes
(mean of 44
observations

(min)

Large diameter
(12 mm) tubes
(mean of 36
observations

(min)

Glass 9.14 7.22

Silicone 13.87 13.27

Difference 6.05 4.73

In the small diameter tubes the difference between the

means of glass and silicone-coated glass surfaces is 4.73

minutes whereas in the large diameter tubes the difference is

6.05 minutes. This confirms the impression vihich was gained

during the present stu^y that the effect of a silicone-coated

glass surface in lengthening clotting time was greater in the

large than in the small diameter tubes.

Interaction /
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Interaction between treatments and glass and silicone-

coated gplass surfaces," (interaction 3 x 4 in Table L).

Treatment

Adrenaline
(a) (b)
min rain

Saline
(c)
min

Empty
(a)
min

Glass 7.75 8.02 8.24 9.08

Silicone 12.25 13.18 13.69 15.27

Difference 4.50 5.16 5.45 6.19

(Each mean glass and silicone clotting time in minutes
is derived from 20 observations.)

The differences between mean clotting times for glass

and silicone-coated glass surfaces for each treatment might

have been ejected to increase in proportion to the mean

absolute clotting time for the particular treatment (gLass

and silicone-coated glass combined). When each difference

is expressed as a percentage of the mean clotting time for

glass and silicone combined for each treatment (Table L), the

following values are obtained:-

Adrenaline Treatments Saline Empty control
(a) (b) (c) (d)

45.C$ 48.5$ h-9.6% 50.8$

The value for Treatment (a) is distinctly smaller than those

for Treatments (b), (c) and (d). This effect mi^it be due

to Treatment (a), the higher adrenaline concentration,

causing a shortening of clotting time in silicone-coated

glass /
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glass tubes, which is not caused by the lower adrenaline

concentration present in Treatment (b). Alternatively, the

effect of a silicone-coated glass surface in lengthening

clotting time as compared with a glass surface might be

diminished by the higher ion concent ration present with the

.Adrenaline Treatment (a). The latter is unlikely because the

ionic strength of the diluent saline present in Treatments

(a), (b) and (c) (8,5 g/l.) is high compared with the
m2

negligible addition of adrenaline 1,25 x 10 g/l. in

Treatment (a) and 1,25 x 10**3 g/l. in Treatment (b).

Prom the residual variance within subjects ("error term")

of the combined analysis of variance (Table L), it can be
'

a 'l- '

computed that the minimum significant percentage change

between treatment means which the experiment was sensitive

enou^i to detect was -3.9/?«

Adrenaline Experiment 2

Blood from a different subject was used for each of 11

experiments. In each experiment 16 small (9 mm) or large

(12 mm) diameter clotting tubes were filled with 0.7 ml. of

whole blood as described in the Appendix, p. 27. Two

replicate readings of clotting time in both glass tribes and

silicone-coated glass tifces were made in each experiment with

each of the four treatments. All calculations are based on

"observations" which are the means of pairs of replicate

readings; where a replicate reading was lost, the remaining

reading /
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reading was regarded as an observation: 88 observations were

made. In the analysis of variance (Table Li) there was no

significant difference between the mean square due to residual

variance "within subjects" (after taking out "between treat¬

ments" and "between glass and silicone" effects and first-

order interactions) and the true experimental error term

computed from the difference between the pairs of replicate

readings making up each observation.

Previous to the addition of the blood, each of the 16

tubes contained 0.1 ml. of one of four concentrations of

synthetic adrenaline in saline. The four adrenaline con¬

centrations were in logarithmic series, the highest added

concentration in the final reaction mixture (Treatment (a))

being 1.25 x 10**2 g/l., the lowest (Treatment (d))

9.0 x icf4 g/l., and the step interval x 0,42.

Pour tables of raw data were prepared by subdividing

the data for glass and silicone-coated glass tubes and for

small an! large diameter tubes (Tables CLXXVII-CLXXX). A

separate analysis of variance has been made on the results in

each table giving the standard error of the difference

between mean results for any two treatments. In addition,

a combined analysis of variance urns made on all the observa¬

tions in Experiment 2 (Table LI). The mean clotting times

for each treatment for glass and silicone-coated glass tubes

combined (Table LI) and the corresponding means for glass

and silicone-coated glass tubes separately were:-
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Adrenaline Treatment

(a) <*) (c) (a)
min min min min

Glass said silicone combined 9.07 9.27 9.53 9.54

Glass only 7.08 7.09 7.21 7.41

Silicone only 11.07 11.45 11.84 11.64

(Each mean glass and silicone clotting time in minutes is
derived from 11 observations.)

Although the order of the mean dotting times

(a) < (b) < (o) < (d) is suggestives twice the standard error

of the difference between any two means (2 x -0.33 min for

glass and silicone-coated tubes combined) is greater than the

difference between mean clotting time in the presence of the

highest (a) and lowest (d) adrenaline concentrations. It is

thus not surprising that the variance ratio for regression of

clotting time on treatment is not significant. However, the

regression coefficient (b) calculated from the sum of squares

between treatments shows a negative correlation between

adrenaline concentration and clotting time which is just

significant (b * -1.82, with standard error ^0.40; Jt * 4.53

on 2 d.f., 0.02 <P < 0.05). The corresponding regression

coefficient calculated from silicone-coated glass tube data

only is not significant (b = -1,21 -0.53} i * 2,26 on 2 d.f.f

0.05 < P).

The adrenaline concentrations tested cover a 13.9-fold

range; the fall in mean clotting time (glass and silicone-

coated glass tubes combined) is only 3.5$ (with standard

error +-2.5$) per ten-fold increase in adrenaline

concentration. /
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concentration. This magnitude of effect does not differ

significantly from the corresponding value for Adrenaline

Experiment 1 (p.273 )• The remainder of the analysis of

variance table is not of direct interest. Only the total

contribution to variance from "between subjects" has been

confuted because it was not considered to be of interest in

the present study "whether there were significant differences

between blood from different subjects in response to adren¬

aline.

From the residual variance within subjects ("error term")

of the combined analysis of variance (Table LI) it can be

computed that the minimum significant percentage change

between treatment means which the experiment was sensitive

enough to detect was -5*7!$.

Adrenaline Experiment 3

Blood from a different subject was used for each of four

experiments. In each experiment 16 small (9 mm) diameter

clotting tubes were filled with 0,7 ml. of whole blood as

described in the Appendix (p. 27). One to four replicate

readings of clotting time in silicone-coated glass tubes were

made in each experiment with each of the six treatments. All

computations were based on "observations". As in Experiments

1 and 2, an observation was derived from the mean of the

replicate readings of clotting time with the same treatment

in the same subject.

Previous /
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Previous to the addition of the "blood, each of the 16

tubes contained 0.1 ml. of one of five concentrations of

synthetic adrenaline in saline or saline only. The five

adrenaline concentrations were in logarithmic series, the

highest added concentration in the final reaction mixture

being 10**^ g/l., the lowest 10 "9 g/l. and the step intervals

ten-fold.

The raw data are given in Table CLKXXI and the analysis

of variance (Table LIl) is based on all 24 observations.

The mean clotting times for each treatment are about the same

as the mean saline clotting time. The standard error of

the difference between any two means is very large (-2.09 min)

because each mean clotting time is derived from only four

observations. As expected from the large standard error,

the variance ratio for the contribution to variance "between

treatments" is 1.

From the residual variance within subjects ("error terra")

of the analysis of variance (Table LII) it can be computed

that the minimum significant percentage change between treat¬

ment means which the experiment was sensitive enough to

detect was ^24.1%. (The corresponding values for Experiments

1 and 2 were -3.9^ and -5,7% respectively.)

Clotting Tests using Oitrated Plasma in the Presence

of Adrenaline added in vitro.- (See p. 286.)
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Experiments in vitro.

Tfibl? 3TO
List of experiments made on
SfiteOfa of Synthetic & Nat^raj Adyonallne pddpd jp vitro

pq ^ee $ Vjhjt? Clotting Tj?ap§ j,n GXgpg Tqbes qnd Sijipong-
coated Glass Tubes

MsmmLk*

(A) Synthetic adrenaline

(i) Gloss tubes

(a) Small diameter tubes
(b) Large diameter tubes

(ii) Silicone-coated glass tubes

!a) Small diameter tubesb) Large diameter tubes

(B) Natural adrenaline

(i) Glass tubes

(a) Small diameter tubes
(b) Large diameter tubes

(ii) Silicone-coated glass tubes

(a) Small diameter tubes
(b) Large diameter tubes

Table CLXIX
Table GLXX

Table CLXXI
Table GLXXII

Table CLXXIII
Table CLXXIV

Table CLXXVI
Table CLXXV

mqPENT 2.

Synthetic adrenaline ( A concentrations )

(i) Glass tubes

(a) Small diameter tubes
(b) Large diameter tubes

(ii) Silicone-coated glass tubes

(a) Small diameter tubes
(b) Large diameter tubes

EXPERIMENT 3.

Table GLXXVII
Table CLXXVIII

Table CLXXIX
Table GLXXX

Synthetic adrenaline ( 5 concentrations ) Table CLXXXI
( silicone-coated glass tubes

of small diameter )

Notes*
•Synthetic1 adrenaline is synthetically prepared

1-adrenaline tartrate. •Natural* adrenaline is extracted
from natural sources and contains ca 15% noradrenaline.

Large tubes, 12 mmj small tubes, 9 mm diameter.



Adrenaline-Experiment1

Analysisofeffectofadrenaline(Experiment1)addedinvitroonLee&Whiteclottingtime(pooled resultsfromsyntheticandnaturaladrenaline,glasstubesandsilicone-coatedglasstubes,smallandlargediametertubes)
A)MeanResponsefor each'treatment1 (S.E.ofdifference betweenanytwomeans *0.26min,on131d.f.)

Additioninvitro
Adrenaline(g/l.)

Saline

Nil

1.25x10~2
1.25x10"3

Meanclottingtime
10.QCtoin

10.60

10.97

12.18

(Eachmeanclottingtimeisderivedfrom40o
bservations)

B)AnalysisofVariance:(160observations,eachbeingthemeanoftworeplicatereadings) CONTRIBUTIONTOVARIANCEd.f. BetweenSubjects;191)BetweenSynthetic&Natural1 2)BetweenTubediameters1 Residualbetweensubjects17 WithinSubjects: 3)BetweenTreatmentsa,b,c,d:3 between(a,b&c)andd1 (a&b)andc1 aandb1
4)BetweenGlass&Silicone1 Interaction(1x4.)1 Interaction(2x4)1 Interaction(3x4.)3 Residualwithinsubjects131

TOTAL159
SUMOFSQUARES

417.48

) )Notcomputed )
MEANSQUARE
VARIANCERATIO (withsignificance)

90.63 3.48 7.21

101.32 1133.24 27.34 17.30 14.77 181.82 1893.27

SHEP<0.01 *0.01<P<0.05 otherratios 0.05<P

90.63

65.30

SHE

3.48

2.51

7.21

5.19

X

1133.24

816.51

SHE

27.34

19.70

SHE

17.30

12.46

SHE

4.92

3.55

X

1.39

CONCLUSION:Thisexperimenthasdetectedasignificantnegativecorrelationbetween Lee&Whiteclottingtimeandadrenaline1.25x1CT%1.25x10~^g/l.wholebloodadded vitro.Themagnitudeoftheeffectrepresentsameanfallinclottingtimeof5.7%
ft withstandarderror±2.5%)perten-foldincreaseinadrenalineconcentration.



Adrenaline-Experiment2
Analysisofeffectofsyntheticadrenaline(Experiment2)addedinvitroonLee&Whiteclottingtime(pooledresultsfromglasstubesandsilicone-coatedglasstubes,smallandlargediametertubes)

A)MeanResponsefor each'treatment1 (S.E.ofdifference betweenany2means *0.33min,on69d.f.)
Adrenalineaddedinvitro
12.5xicr3g/i.
5.2

2.2

0.9

{•Seanclottingtime
a)9.07min
^ 9.27

c)9.53

d)9.54

(Eachmeanclottingtimeisderivedfrom22observations)
B)AnalysisofVariance:(88observations,eachbeingthemeanoftworeplicatereadings) SUMOFSQUARESMEANSQUARE

CONTRIBUTIONTOVARIANCEd.f. BetweenSubjects:10 1)BetweenTubediameters1 Residualbetweensubjects9 WithinSubjects: 2)BetweenTreatmentsa,b,c,d:3
139.89

Notcomputed
3.31

VARIANCERATIO (withsignificance) asPC0.01 *0.01<P<0.05 otherratios 0.05<P

duetoregression1
3.01

3.01

2.47

aboutregression2
0.30

0.15

3)BetweenGlass&Silicone
1

408.72

408.72

334.47**

Interaction(1x3)

1

5.60

5.60

4.59*

Interaction(2x3)

3

1.14

0.38

<1

Residualwithinsubjects
69

84.28

1.22

TOTAL

87

642.94

FromSUMOFSQUARESduetoregressionb
=-1.82
±0.40(withS.E.)}t
=4.53,0.01<P<0.05

CONCLUSION:Between1.25x10"*&̂0.9x10~^gsyntheticadrenaline/l.wholebloodadded invitrothereissomeevidenceofanegativecorrelationbetweenadrenalineconcentration andLee&Whiteclottingtime.Themagnitudeoftheeffectrepresentsameanfallinclottingtimeof3«5/a(withstandarderror±2,5%)perten-foldincreaseinadrenalineconcentration.
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lablo LII

Experiments in vitro.

Mean clotting times
and Analysis of Variance ( Adrenaline - Experiment 3 )

Analysis of effect of synthetic adrenaline ( Experiment 1)
added in vitro on Lee & White clotting time. All tubes were
of sllicone-coated glass and of small diameter.

A) Mean Repponqe for each 'treatment'

Addition in vitro
Synthetic adrenaline ( g/l* )

Sal

10~5 —6
10

-7
10

-8
10 io"9

Mean clotting time 13.0min 12.7 12.8 13.1 13.1 1341

(Each mean clotting time is derived from 4 observations)

S.E. of difference between any two means * 2.09 min (on 15d,f.)

B) Analysis of Variances (24 observations, each being the mean
of 1 to A replicate readings)

CONTRIBUTION
TO VARIANCE

between Sub.jpotp;

yithin Subjects;
Between Treatments
Residual within subjects

d>ft SUM 0F^ MEAN

3

VARIANCE
SQUARES SQUARE RATIO

342.61

5 6.81 1.36
15 131.21 8.75

<1

TOTAL 23 430.63

CONCLUSION;
This experiment was not comparable to adrenaline

experiment 1 or 2 in that it was based on a much smaller
number of observations.

It has detected no significant negative correlation
between Lee & White clotting time and adrenaline 10*"^ to 10"*"
g/l. whole blood added in vitro.



Experiments In vitro.

Effects of Adrenaline added in vitro on:

1* Heparin Resistance Test

2. Quick's Prothrombin Time

3» Thrombin Plasma Reaction Time

mmm*
Determine clotting times of fresh citrated

plasma samples carrying adrenaline concentrations
in logarithmic series. To allow for the
possibility of deterioration in any reagent
during the course of the experiment, test several
replicates in a balanced random order derived from
a latin square.

REAGENTSa
Fresh citrated plasma - platelet-rich for Heparin
Resistance Test and platelet-poor for Quick's
Prothrombin Time and Thrombin-Plasma Reaction
Time test.
Heparin 'Liquemin' Evans, 1000 u./ral.
Human brain thromboplastin, acetone dried.
Human thrombin Lister Institute (batch no. 4.01).
Adrenalines a) Synthetic, British Drug Houses,

1-adrenaline tartrate
b) Natural, Parke Davis & Go.,

(contains up to 15% 1-noradrenaline)

1. Heparin Resistance Test:
Heparin and synthetic adrenaline concentrations

contained in 0.1 mis 0.8 of sodium chloride
solution added to 0,4. ml. platelet-rich citrated
plasma. Each entry in the Table is a single
reading of clotting-time at 37°C in minutes
following the addition of 0.1 ml. of 0,10
molar calcium chloride solution.



Experiments in vitro.

Adrenaline (cont'd)

Heparin resistance test (cont'd)

mi

Plasma
Synthetic

Plasma Heparin
(u./ml. added)

Geometric
mean of

Adrenaline
(g/l. added) 0.30 0.20 0.13 0.09 0.06

clotting
times

1.7 x iff2 28 rain 29 10| 5§ 5# 12.1 rain

-A
10 * 22 15 10# H 5f 10.6

-6
10 29# 18 15t lot At 13.2
-8

10 53 2A# 12-1 7 At 1A.0

10-M m 12# 15# % 5# 12.5

10-15 30 1A# 9# 6# 5# 10.8

Mean 32.7mir 18.9 12.3 7.5 5.3

from Analysis of Variances
(on logarithmic transformation of data)

Differences between treatment means are not significant.
95% confidence limits for any treatment mean are 82 - 121%
of the estimate.

2. Quick's Prothrombin Times
(sec)

Tftble m

Plasma
Synthetic
Adrenaline
(g/l,added

Human brain thromboplastin
(% in saline diluent)

Means of
clotting

■ times
100.0 29.0 8.0 2.0 0.5

5.0 x 10"2 19.0sec 2A.5 35.7 A7.9 86.7 A2.8 rain

| Hf3 17.6 2A.5 36.1 50.8 78.A a. 5

10"*^ 17.9 23.3 3A.1 A9.7 82.6 A1.5

10~5 17.2 22.8 36.0 53.0 82.5 A2.3
-6

10 17.0 2A.5 3A.3 A9.2 82.7 A1.5

Mean 17.7sec 23.9 35.2 50.2 82.6
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Experiments In vitro*

Adrenaline (cont'd)

quick's prothrombin time (cont'd)

from Analysis of Variance°

Effect of differences between adrenaline concentrations,
not significant, <1

S.E. of mean of five readings ~ ±3.24- sec

Tflble LV

Replicate
reading
of

clotting
time

Plasma Natural Adrenaline
( x 3.3 g/1. )

icT2 -4
10 * 10~6 -8

10 lO-10 -12
10

1 13.7 sec 15.8 14.3 14.5 17.0 14.1

2 14.3 14.0 13.9 14.6 13.5 13.8

3 14.0 14.6 13.8 14.3 13.9 13.6

4 14* 2 13.8 14.1 14.3 13.7 13.8

5 13.3 13.9 13.8 14.0 13.5 13.4

6 13.8 14.5 13.6 14.0 14.4 13.9

Mean 14.0 sec 14*4 13.9 14.3 14*2 13.8

from Anafysip of Varj.^nqe:

Effect of differences between adrenaline concentrations,
not significant, ?(5,19) = 1*1°
S.E. of mean of six readings - + 0.26 sec

Table jVI

Replicate
reading
of

Plasma Synthetic Adrenaline
( x 2.5 g/1. added )

clotting
time 10~5 -6

10
-7

10 10-8 -9
10 y Saline

1 17.2 sec 17.4 16.6 17.0 16.6 16.6

2 17.0 16.6 17,0 16.6 16.8 16.8

3 16,6 17.0 16.8 17.0 17.0 16.6

4 I6.4 17.0 17.0 16.8 16.6 16.6

Mean 16,8 sec 17.0 16.9 16.9 16.8 16.7
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Adrenaline (oont:d)

Experiments in vitro.

Quick's prothrombin time (cont'd)

from Analysis of Variance:

Effect of differences between adrenaline concentrations,
not significant, F^ ^)<1
S.E. of mean of four readings = x 0.17 sec

3. Tfawflfln-Plaana Reactjon Tine:
(sec)

?able LVjl

Plasma
cone of
added
thrombin
(u./ml.)

Plasma Synthetic Adrenaline
( x 2.5 g/l. added )

10~2 io"^ io~6 -3
10 io-10 io-12

20.0 8,0 sec 10.5 8.3 10.0 10.0 11.1

13.3 11,6 11.7 13.1 11.0 12.0 11.7

8.9 16.1 19.1 11.7 15.3 18.3 15.8

5.9 20.2 18.8 20.1 19.1 21.9 21.0

1.0 25.1 25.0 28.7 29.5 25.6 29.0

2.6 37.0 18.0 11.9 18.2 35.0 16.0

Mean 19.1 sec 22.2 21.2 22.2 20.5 22.5

from Analysis of Variancei

Effect of differences between adrenaline concentrations,
not significant, <1

S.E. of mean of six readings = ± 1.01 sec
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E^perjjaent^ in vitro.

Adren-'iline (cont'd)

CONCLUSION:
There is no evidence of a negative correlation

between adrenaline concentration and clotting time
as measured by:

Clotting test Range of plasma adrenaline
cones tested (g/l. added)

Heparin resistance test

Quick's prothrombin time

Thrombin-plasm reaction t ime

1,7 x 10~2 to 1.7 x 10"12
5.0 x 10~2 to 3.3 x 10"12

•2 -12
2.5 x 10 to 2.5 x 10
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Noradrenaline added in vitro and Blood Clotting

Lee & White Test in the Presence of Noradrenaline added

in vitro,- Blood from a different subject was used for each

of six experiments. In each experiment 16 small (9 mm) dia¬

meter clotting tubes were filled with 0.7 ml* of whole blood

as described in the Appendix (p. 27). In each experiment

two replicate readings of clotting time in both glass tubes

and in sllicone-coated glass tubes were made with each of the

four treatments. All calculations are based on "observation^'

which are the means of pairs of replicate readings; where a

replicate reading was lost, the remaining reading was

regarded as an observation; 48 observations were made.

Previous to the addition of the blood, four tubes were

empty (Treatment (d)), four contained 0.1 ml. saline (c) and

four each of the remaining eight contained the same nor¬

adrenaline concentration in 0.1 ml. saline (Treatments (a)

and (b)). The noradrenaline solutions gave final reaction

mixture concentrations of 4.2 x 10 ^ g/l. (Treatment (a)) and

2.8 x 10"4 g/l. (Treatment (b)). These concentrations were

chosen to be similar to those used by Waldron (195*1; p.^4-2).

Two tables of raw data (Tables CLXXXII, CLXXXIIl) were

prepared by subdividing the data from glass and silicone-

coated glass tubes. An extract from the analysis of

variance on the observations in each raw data table is

provided. This gives the mean clotting times for each

treatment /
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treatment for glass and silicone-coated glass tubes

separately and the standard error of the difference between

any two means. In the mean clotting times and analysis of

variance table (Table LVTII} the observations from glass and

silicone-coated glass tubes are combined. The shortening

effect of dilution on the clotting time of whole blood is

evident. For glass ana silicone-coated glass tubes combined,

the variance ratio for the contribution to variance between

Treatments (a), (b) and (c) and Treatment (d) is significant -

(F(^35) * 4.21, 0.01 <_P < 0.05).
For silicone-coated glass tubes only (Table CLXXXIIl)

the difference between the mean clotting times for Treatments

(a), (b) and (o) together and Treatment (d) is significant

(difference = 1.6 min, with standard error -0.53, P * 0,01).

The corresponding difference for glass tubes only is not

significant (Table CLXXXIl) (difference =0,2 min, with

standard error -0,22 on 15 d.f., 0,05 < P). For glass and

silicone-coated glass tubes combined the difference between

mean clotting times in saline (Treatment (c)) and empty tubes

(Treatment (d)) amounted to 5*5% of the mean clotting time of

the empty tubes (Treatment (d)). The corresponding values

for glass and silicone-coated glass tubes separately were

0.4% and 8.8$ respectively.

The order of mean clotting times (a) < (b) < (c) suggests

a significant negative correlation between Lee & White clotting

time and noradrenaline concentration added in vitro, but the

variance /
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variance ratio for "between Treatments (a), (b), (c)" is not

significant 1) « The mean cXotting time3 for the

Noradrenaline Treatments (a) ana (b) expressed as percentage

changes from the mean clotting times for saline control tubes

(c) were: -

Noradrenaline Treatment
13 Tb5—

% %
Glass and silicone combined -3.8 -2,6

Glass only -k.9 -0.9

Silicone only -2,9 -5.1

(The standard error for the percentage changes for
glass and silicone-coated glass tubes combined was

Prom the residual variance within subjects ("error term")

of the combined analysis of variance (Table LVIII) it can be

computed that the minimum significant percentage change

between treatment means which the experiment was sensitive

enough to detect was ^7.9^

Clotting Tests using Citrated Plasma in the Presence

of Noradrenaline added in vitro.- (See p. 295.)



Noradrenaline

AnalysisofeffectofnoradrenalineaddedinvitroonLee&Whiteclottingtime(glasstubesandsilicone-coatedglasstubescombined)Alltubeswereofsmalldiameter
A)Meanresponsefor each'treatment' (S.E.ofdifference betweenanytwomeans

Additioninvitro
Noradrenalinebase(g/l.)

Saline

Nil

4.2x10-4
2.8xlCT*

Meanclottingtime
a)10.71min
b)10.75

11.13

d)n#7?

±0.54-"in,on35d.f.)^eaeilneanclottingtimeisderivedfrom12observations)
B)-AnalysisofVariance;(/+8observations,eachbeingthemeanoftworeplicatereadings) CONTRIBUTIONTOVARIANCEd.f. BetweenSubjects;5 WithinSubjects; 1)BetweenTreatmentsa,b,c,d:3 betweena,b,c2 between(a,b,&c)andd1

2)BetweenGlass&Silicone1 Interaction(l&2)3 Residualwithinsubjects35
TOTAL47

SUMOFSQUARES
68.65 8.71

MEANSQUAREVARIANCERATIO
1.26 7.45

177.29 5.05 61.93 321.63

0.63 7.45 177.29 1.68 1.77

<1

4.21 100.21 <1

*

mc

(SignificanceofVARIANCERATIOShkP<0.01jft0.01^0.05Jotherratios0.05<P) CONCLUSION;Althoughtheorderofmeanclottingtimesa<b<cissuggestivethit: experimenthasnotdetectedasignificantnegativecorrelationbetweenLee&Whiteclottingtimeandnoradrenalinebase4*2&2.8g/1.wholebloodaddedinvitro.
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Experiments .in vitro.

The Effect of Noradrenaline added in vitro ons-

1. Quick's Prothrombin Time

2. Thrombin-Plasma Reaction Time

PRINCIPLE;
Determine clotting times of fresh citrated

plasma samples carrying noradrenaline concentrat¬
ions in logarithmic series* To allow for the
possibility of deterioration in any reagent
during the course of the experiment, test several
replicates in a balanced random order derived
from a latin square.

REAGENTS t

Fresh citrated plasma, platelet-poor.
Heparin B.P., Boots, 102.4 u./mg.
Human brain thromboplastin acetone dried.
Human thrombin, Lister Institute (batch no. 401}
Noradrenaline, 'Levophed' Bayer, 1 ml. contains
0.5 mg 1-noradrenaline base as 1-noradrenaline
bitartrate.
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Noradrenaline (cont'd)

Experiments la vitro.

RESULTS t
1, C'ulck's Prothrombin Timet

(sec)"
Tftble LIX

Replicate
reading
of

Plasma Noradrenaline base

CicrVi.)
clotting
time 5*0 2.5 1.3 0,6 0,3 Nil

1 25.0sec 25.0 23.4 23.8 24.6 23.2

2 23.8 24.6 23.3 23.1 23.9 24.2

3 24.9 23.3 24.7 24.5 23.7 23,6

4 24*4 24.8 24.7 24.1 24.9® 24,8

5 24.6 24.6 24.9 25.0 24.2 24.0

6 25.4 25.7 24*6 25.3 25.9 24,6

Mean 24«7sec 24.7 24,3 2^., 3 24,5 24,1

@
denotes missing reading estimated by iterative
method given by Snedecor

from Analysis of Variance;

Effect of differences between noradrenaline concentrations,
not significant, F(5 19)^1.
S.E. of mean of six readings = ±0.26 sec
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Experiments in vitro.

Noradrenaline (cont'd)
r

2. Thrombin-Plasma Reaction Time:
(sec)

Table LX

Plasma
cone of
added
thrombin
(u./ml.)

Plasma Noradrenaline

do"Vi.)

5.0 2.5 1.3 0.6 0.3 Nil

20.0 8.5sec
9.1

9.7
9.2

9.8
8.9

8.9
9.1

9.0
8.9

11.7
8.9

18.3 11.2
11.0

11.2
10.9

11.2
12.4

11.9
lost

11.3
12.3

11.1
11.1

8.9 14.7
15.3

15.9
15.7

15.5
15.2

14.8
15.4

15.9
15.4

15.5
15.3

Mean 11.6sec 12.1 12.2 12.0 12.2 12.3

from Analysis of Variance: (on means of replicate readings)

Effect of differences between noradrenaline concentrations,
not significant, = 1.60

S.E. of mean of six readings = ± 0.13 sec

CONCLUSION» ,

Between 5*0 - 0.3 x lOT^g noradrenaline/l.
plasma, there is no evidence of a negative
correlation between noradrenaline concentration
and clotting time as measured by:

Quick's prothrombin time
Thrombin-plasma reaction time.
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Br ^erl;ruts in vitro

Xflq Rxfect of &gcorb;Lc Ao^d uddqd in vitro om-

1. Calcium dime

2. Heparin Resistance Pest (Waugh-Ruddick test)

PRINCIPLE;
Determine clotting times of fresh citrated

plasma samples carrying ascorbic acid concentrat¬
ions in logarithmic series. To allow for the
possibility of deterioration in any reagent
during the course of the experiment, test several
replicates in a balanced random order derived
from a latin square.

REAGENTS:
Fresh citrated plasma, platelet-rich.
Heparin, 'Liquerain1 Evans, 1000 u./ml.
Ascorbic Acid, 'Analar* grade, frosh.

RESULTS;
1. Calcium Time;

(min;
Table LH

Replicate
reading
of

Plasma Ascorbic

( g/1.

acid

added )
clotting
time

-1
10 10

-5
10

1 Jfe min 5k 3i

2 5k 3k 5k

3 5k Zk A

A 3f a 3

5 H 5 3

6 3 5 3

Mean 3.6 min 3.A 3.A

(Analysis of Variance overleaf)
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Experiments jr. vitro.

Ascorbic Acid (cont'd)

Calcium time (cont'd)

from Analysis of Variance;

Effect of differences between ascorbic acid concentrations,
not significant F^2 < 1.
S.E. of mean of six readings = ±0.28 rain

2. Heparin Resistance Testsi

Heparin and ascorbic acid concentrations
each contained in 0.1 ml. 0.35$ sodium chloride
solution added to 0.4. ml. platelet-rich citrated
plasma. Each entry in the Tn^le is a single
reading of clotting time at 37 C in minutes
following the addition of 0.1 ml. of 0.10 molar
calcium chloride solution.

Plasma
Ascorbic
acid

Plasma Heparin
( u./ml. added )

Geometric
mean of
clotting
time( g/1.

added) 0.33 0.27 0.21 0.17

uf1 6f®min 7® 7 5i- 6.9 min

2.0xl0"2 6f H 6 6.3 min

A.OxiO'"3 n 5i 5 5.9 min

a.oxio""4' 7i n 5 5,9 min

Mean 7.3 min 6.7 5.6 5.4

denotes missing reading estimated by iterative
method given by Snedecor

from Analysis of Variance;
(on logarithmic transformation of data)

Differences between treatment means are not significant.
95$ confidence limits for any treatment mean ore o9 - 112$
of the estimate.
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Ascorbic Acid (cont'd)

Experiments in vitro*

Heparin resistance tests (cont'd)

Plasma
Ascorbic
acid
( g/1.
added)

Plasma Heparin
{ 0,70 u,/ml. added )

Replicate reading;
1 2 3 4-

Geometric
mean of
clotting
times

oH 7| rain
A
7i 6§- 7i 7.0 rain

2.0x10 8® 6f 6§- 8 7.3
-3

4. 0x10 at at 9 at 8.6
-4

8.0x10 6f a| 7.6

® denotes missing redding estimated by iterative
method given fcy Snedecor

from Analysis of Variance:
(on logarithmic transformation of data)

Differences between treatment means are not significant.
95$ confidence limits for any treatment mean are 90 - 111$
of the estimate.

Tfible LXIV

Plasma
Ascorbic
acid
( g/1.
added)

Plasma Heparin added Geometric
of

clotting

means

a * 0.83 u./ml.
Replicates
12 3 4

b } 0.11 u./ial.
Replicate s
12 3 4

times

a b (a+b)
-1

10 6f 6£ 6 5-h of 5 5 4 6.1 5.1 5.6isin
—U

8.0x10 at 6t 6§- 6t 5 4|: 6.8 5.3 6. Iran

from Analysis of Variance:
(on logarithmic transformation of data)

Differences between treatment means (a + b) are
significant (0.01 <P <0.05)
95$ confidence limits for any treatment mean are 95 - 106$
of the estimate.



Experiments in vitro.

corbie, (cont'd)

Heparin resistance test (cont'd)
' We W

Summary of mean clotting times in heparin resistance
test3 where ascorbic acid added

Plasma
Ascorbic
acid
( sA.
added)

Geometric means of clotting times Pooled
geometric
mean of
clotting
times

Table
LXII

Table
LXIII

Table
LXIV

10-1 6,9 ain 7,0 5.6 6.2 min

2.0 x 10"2 6.3 7.3 not done

-3
4.0 x 10 5.9 8,6 not done

8.0 x 10"4 5.9 7.6 6.1 6,3

The mean clotting times in Table LXII suggest that

between 10""*" - 8,0 x 10"''g ascorbic acidA • plasma added

in vitro there is a negative correlation between aseorblc

acid concentration and dotting time in the heparin

resistance test. The mean clotting times in Tables LXIII

and LXIY give no evidence of such a negative correlation.

The pooled means illustrate that the conclusion from all

three heparin resistance tests considered together is that

there is no evidence of a negative correlation between

ascorbic acid concentration and clotting time,

CQNCiTOOth .i
Between 10 ~ 8 x 10 g ascorbic acidA • plasma,

there is no evidence of a negative correlation
between ascorbic acid concentration and clotting
time as measured by

Calcium time test
Heparin resistance test.



Experiments ia vitro.

The gffect of Insulin added in vitro on»-

1. Heparin Resistance Test

2. Quick's Prothrombin Time

PRINCIPLEi
Determine clotting times of fresh citrated

plasma samples carrying insulin concentrations
in logarithmic series. To allow for the
possibility of deterioration in any reagent
during the course of the experiment, test several
replicates in a balanced random order derived
from a latin square.

REAGENTS♦
Fresh citrated plasma - platelet-rich for heparin
resistance test and platelet-poor for Quick's
prothrombin time test.
Heparin, 'Liquemin' Evans, 1000 u./ml.
Human brain thromboplastin, acetone dried.
Insulin, soluble, Burroughs Wellcome Ltd.

RESULTS:
1. Heparin Resistance Tests

Heparin and insulin concentrations each
contained in 0.1 ml. 0.85% sodium chloride
solution added to 0.A ml. platelet-rich citrated
plasma. Each entry in the Table is a single read¬
ing of clotting time at 37°C in minutes following
the addition of 0.1 ml. of 0.10 molar calcium
chloride solution.
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Experiments in vitro.

Heparin resistance test (cont'd)
Table LXVI

Plasma
Insulin
(u./l.
added)

Plasma Heparin
(u./ml. added)

Geometric
mean of

clotting
times0,83 0.42 0.21 0.11

7 12^ min 5k H 6.5 min
•■I

7 x 10 n 5i 6 6.7

7 x 10~2 9f H 5k 4k 6.7

-3
7 x 10 4-i 5f 5k 6.7

Mean 10.9 min 6.6 5.8 5.1

from Analysis of Variances (on logarithmic transformation of
data)

Differences between treatment means are not significant.
95$ confidence limits for any treatment mean are 77 - 130$
of the estimate.

2, Quick's Prothrombin Time;
(sec)

We LXVII

Replicate
reading
of

Plasma Insulin
(u#/ml. added)

clotting
time 7 7 x lO*1 7 x 10~2 -3

7 x 10

1 20.0 sec 20.0 18.5 20.0

2 18.5 18,5 19.0 18,0

3 20,0 17.0 18.0 18,0

U 18.0 17.5 17.5 17.5

Mean 19.1 sec 18.3 18.3 18,4-

(Analysis of Variance overleaf)



Experiments in vitro«

Insulin (cont'd)

Quick's prothrombin time (cont'd)

from Analysis of Variance:

Effect of differences between Insulin concentrations,
not significant, '(3,6) <1-
3.E. of mean of four readings * 0*^6 sec

pOMCLUS^OIf: ,

Between 7 ■> 7 x 10 u» insulin/l. plasma,
there i3 no evidence of a negative correlation
between insulin concentration and clotting time as
measured by

Heparin resistance test
Quick's prothrombin time.



. Experiments in vitro.

Tfy* of jfistamj-ne addqd in vj.tyo on;-

1. Heparin Resistance Test (Qaugh-Ruddiek Test)

M<%'g Prothrombin Tj.me

3. Ihrombin^Plasma Reaction Time

mmm-
Determine clotting times of fresh citrated

plasma samples carrying histamine concentrations
in logarithmic series. To allow for the
possibility of deterioration in any reagent
during the course of the experiment, test several
replicates in a balanced random order derived
from a latin square.

REAGENTS:
Fresh citrated plasma - platelet-rich for heparin
resistance test and platelet-poor for Quick's
prothrombin time and thrombin-plasraa reaction
time tests
Heparin, 'Liquemln' Evans, 1000 u./ml.
Human brain thromboplastin, acetone-dried.
Human thrombin, Lister Institute (batch no, 4-01).
Histaminet

All concentrations expressed as grams
of histamine base added per litre of plasma.
Histamine added either as histamine acid
phosphate ( 2.76 g contains 1.0 g histamine base )
or as histaminehydrochloride ( 1.66 g contains
1.0 g histamine base ).

RESULTS;

Hqparln fipsfotaftce Teptt

Heparin and histajnine acid phosphate
concentrations each contained in 0,1 ml.
0.85$ sodium chloride solution added to
0.4 ml. platelet-rich citrated plasma. Each
entry in the Table is a single reading of
clotting time at 37°G in minutes following the
addition of 0.1 ml, of 0.10 molar calcium
chloride solution.
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Histamine (cont'd)

Heparin resistance test (cont'd)

Plasma
Histamine
base

Plasma Heparin
(u./ml» added)

Geometric
mean of
clotting

( g/1.
added ) 0,62 0.31 0.16 0.08

times

3.0 x lO"1 14i" rain Hi 9i® 9k a 11.1 min

x 10~2 12-k lli 5k b 8.5

x 10""3 10£ 7 sf- 7i c 8.3

x 1CT* 16 8f 6f 6f d 8.8

Mean 13.3rain 9.6 7.6 7.5

( Histamine added as histamine acid phosphate )

denotes missing reading estimated by iterative
method given by Snedecor

Analysis of Variance; (on logarithmic transformation of data)

Differences between treatment means are not significant.
95# confidence limits for any treatment mean are 45 - 221#
of the estimate. The wide confidence limits reveal the
large error of this experiment without which mean (a) might
have differed significantly from means (b.c&d)

Plasma
Histamine
base

Plasma Heparin
(u./ml. added)

Geometric
mean of
clotting

( g/l«
added ) 0.62 0.31 0.16 0.08

times

1.7 x 10"1 17 min
311

13j
22§

lli
Hi

iii
insf a) 15.9 min

x 10~2 15
16-2

13
16

12i
Hi

12i
Hi

b) 14.3 rain

x 10~3 12f
21-i

14
Hi

8f
i9i c) 14.6 min

x 10*** 18i
insf

ui
23

Hi
11$

ioi
13 d) H»7 min

Mean 18.8min 16.4 13.0 12.6

( Histamine added as histamine acid phosphate )



Experiments in vitro.

Histamine (cont'd)

Heparin resistance test (cont'd)

Analysis of Variance? (on logarithmic transformation of means
of two replicate readings)

Differences between treatment means are not significant*
95% confidence limits for any treatment mean are 86 - 116%
of the estimate.

If the results in the above Table are inspected in
conjunction with those in the previous Table it seems that the
clotting time of plasma is lengthened when 1.7 or 3.0x10 g
histamine base/l, i3 added to plasma.

2. Quick1s Prothrombin Time:
(sec)

lieplicate
reading
of

Plasma Histamine base

( x 4.0 g/l. added )
clotting
time 10"1 10"2 io"3 ICf4" 10"5 Nil

1 l6.4sec 16.9 17.1 17.9 16.6 16.7

2 16.7 15.9 16,6 16,7 17.0 16.7

3 17.3 16.7 16.7 16.8 16.6 17.4

A 17,4 17.9 16.9 16.5 16.3 18.1

5 16.3 17.0 16.3 16.2 16,6 16.6

6 16.8 17.0 16,8 17.2® 16,7 17.1®

Mean I6.5sec 16,9 16,6 16.9 16.6 17.1

( Histamine added as histamine dihydrochloride )

9
denotes missing reading estimated by iterative
method given by Snedecor

from Analysis of Variancei

Effect of differences between histamine concentrations,
not significant, "<j»
S.E. of mean of six readings « ± 0,21 sec
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Histamine (cont'd)

Experiments in vitro.

quick's Prothrombin Time (cont'd)

Replicate
reading
of

Plasma Histamine base
( x 6,1 g/l* added )

clotting
time

a)
10"1

b> 510""2
C) -310-*

8)
lcr4-

1 21.6 sec 11.6 11,6 12.1

2 20.6 11,2 11.7 12.4-

3 23.8 11,2 11.8 12.6

4. 23.0 10.9 12.8 12.5

I-Sean
a)

22,3 sec
'»)

11.2
c)

12.0
d)

12.4-

( Histamine added as histamine acid phosphate )
«

from Analysis of Variance:

Effect of differences between histamine concentrations:

Between a and (b,c & d), 683.17, P <0.01

Between (b, c & d), 3,01, not significant

S.E. of mean of four readings = i 0.34.

Plasma
Histamine
base
( xL(T2g/l.

added )

Replicate reading of clotting time

1. 2, 3* 4-.

Mean

clotting
time

30.0 21.2 sec 21,4. 21,0 21.0 21.2 sec

18,9 20,0 18.2 18.it 19.0 18.9

11.9 18,2 16.8 18,6 18.0 17.9

7.5 17.2 17.4 18.0 17.0 17.4

4.7 16.3 17.2 17.4 16,6 17.0

2.9 18.0 16.6 18.0 18.0 17.6

1,9 17.0 17.0 17.6 18.0 17.4

Nil 16,2 17.6 16.8 17.4. 17.0

( Histamine added as histamine dihydrochloride )
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Histamine {cont'd)

Quick's prothrombin time (cont'd)

Tftble LXXIII
Plasma
Histamine
base
( xior2g/i.

added )

Replicate reading of clotting time

1. 2. 3. 4.

Mean

clotting
time

30.0 17.0 sec 16.8 17.2 17.4 17.1 sec

18.9 17.0 15.6 15.2 15.0 15.7

11.9 13.6 14.2 15.2 14.0 14.2

7.5 14.6 14.8 14.0 15.2 14.6

4.7 12.6 15.0 14.0 14.8 14.1

2.9 14.8 15.0 15.0 13.8 14.6

1.9 14.8 15.0 14* 2 14.2 14.5

Nil 12.6 14.6 14.0 15.0 14.0

( Histamine added as histamine dihydrochloride )

W? WW?
Plasma
Histamine
base
( xl0~2g/l.

added )

Replicate reading of clotting time

1. 2. 3* 4*

Mean

clotting
time

30.0 25.2 sec 21.0 21.2 20.4 21.9

18.9 22.2 18.6 18.2 18.2 19.3

11.9 17.6 18.0 16.6 17.0 17.3

7.5 15.0 15.4 15.8 16.2 15.6

4.7 16.8 17.2 16.4 15.2 16.4

2.9 16.0 15.0 15.8 16.0 15.7

1.9 19.8 17.6 19.6 16.2 18.3

Nil 17.0 16.0 16.0 15.6 16.1

( Histamine added as histamine acid phosphate )



Experiments in vitro.

Histamine (cont'd)

Quick's prothrombin time (cont'd)

SMsJMl
Plasma
Histamine
base
( xl0-2g/l.

added )

Replicate reading of clotting time

1. 2* 3* 4*

Mean

clotting
time

30.0 22*4 3sc 21.4 20.2 21.2 21.3 sec

18.9 19.0 18.6 18.0 18.0 18,4

11.9 16.4 16.4 16.8 16.4 16.5

7.5 15.6 15.8 15.6 15.6 15.6

4.7 16.0 16.2 15.8 15.6 15.9

2.9 15.0 15.4 14.4 15.0 14.9

1.9 15.6 15.4 15.8 15.6 15.6

Nil 15.0 16,0 15.0 15.2 15.3

( Histamine added as histamine acid phosphate )
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Experiments in vitro.

Histamine (cont'd)

Quick's prothrombin time (cont'd)

(Combined analysis of clotting times in
Tables LXXII, LXXIII, LpiY, LXXV)

Table LXXVI

Plasma
Histamine
base
( xl0~2g/l.

added)

Mean clotting times
tables

LXXII LXXIII LXXIV

in

LXXV

Grand
mean of

clotting
times

30.0 (a) 21.2 sec 17.1 21.9 21.3 a) 20.4 sec

18.9 (b) 18.9 15.7 19.3 18.4 b) 18.1

11.9 (c) 17.9 14.2 17.3 16.5 c) 16.5

7,5 (d) 17.4 14.6 15.6 15.6 d) 15.8

4*7 (e) 17.0 H.1 16.4 15.9 e) 15.9

2.9 (f) 17.6 14.6 15.7 14.9 f) 15.7

1,9 (g) 17.4 14.5 18.3 15.6 g) 16.5

Nil (h) 17.0 14.0 16.1 15.3 h) 15.6

from Analysis of Variance; ( on raw data from tables
LXXIIjLmiI>LXXIV>Lxxv. j

Effect of differences between histamine concentrationss

Between a and (b,c,d,e,f,g & h),F(1,107)= 542*1, P <0,01
Between b and (c,d,e,f,g & h), ?(l,107)~ 137.6, P<Q.01
Between c and (d,e,f,g & h), ?(1,107)= 0*01 <P <0.05
Between (d,e,f,g&h), ¥(4,107)** ^.8, P<0.01

Effect of differences between histamine concentrations
(d,e,f,g & h) is significant because the mean, clotting time for
(g) is longer than the mean clotting times for d,e,£,g & h.
This long mean clotting time for (g) depends on the first -
third replicate readings in table LXXIV. When these readings
are replaced by readings estimated from the remainder of the
data by the iterative method given by Snedecor, the effect of
differences between histamine concentrations (d,e,f,g Sc. h)
becomes not significant.
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Experiments in vitro.

Histamine (cont'd)

3* Thrombin-Plasma Reaction Time:
(sec)

We LWIj

Replicate
reading
of

Plasma Histamine base

( x 4,5 g/l. added )
clotting
time

a)
10 X

b) 5
10 ^ 10 J

d) l0-4

1 13,9 sec 12.2
££5

13.1 13.2

2 13.4 12,3 13.0 13.6

3 13*7 12.6 13.6 13.s

4 13.4 11.7 13.6 13.8

Mean
a) ✓

13.6 sec
bj

12.2
c)'

13*3
d) 13.6

( Histamine added as histamine acid phosphate )

denotes missing reading estimated by iterative
method given by Snedecor

from Analysis of Variance:

Effect of differences between histamine concentrations:

b and (a,c&d), I(1#5) = 45.93, P<0.01
between (a,ct&d), F(2,5) ~ 6,68, not significant
Because of apparent 'band1 shortening of the thrombin-

plasma reaction time seen in (b) this experiment was
repeated and extended in the following experiment. In
the following experiment there is no evidence of such a
'band' effect and no explanation other than some spurious
technical fault can be suggested for the apparent 'band'
effect seen in (b) above.



Experiments in vitro.

Higtamine (cont'd)

Throsabin-nlasiaa reaction time (cont'd)

Replicate
reading
of

Plasma Histamine base

{ x 3.0 g/l. added )
clotting
time 1CT1 10""2 10~3 10'4- , 510 J 10-6

1 13.9 sec 15.2 14.3 14.8 15.1 15.7

2 14.7 15.9 15.7 15.1 15.2 14.5

3 14.7 15.8 14*3 15.1 15.2 15.5

4 15.4- 15.4 15.3 15.5 15.6 14.3

5 15.0 15.7 15.3 15.0 15.7 16.5

6 14.8 17.3 14.9 15.9 16.5

Mean 14.*8 sec 15.9 15.0 15.2 15.6 15*2

( Histamine added as histamine d^hydrochloride )

from Analysis of Variance;

Effect of differences between histamine concentrations
is significant, ^(5^0) = 2*7^ ^ 0#02 <- <0,°5 )♦
S.E. of mean of six readings « i 0,25 sec

Although effect of differences between histamine concentrat¬
ions is statistically significant there is no evidence of a
systematic trend in the mean clotting times#



gyperimpntp in vJ.tyo.

Histamine (cont'd)

CONCLUSION:
There is no evidence of a negative correlation

between histamine concentration and clotting time as measured
by:

Clotting test
Range of plasma histamine
base cones tested
(g/l. added)

Heparin resistance test

Quick's prothrombin time

Thrombin-plasma reaction time

3.0 x 10"1 to 1.7 x 10'A
6.1 x 10*"1 to 4.0 x 10~5

-1 -6
4.5 x 10 to 3*0 x 10

There is evidence of a positive correlation between
histamine base cones of lCT1g/l« added in vitro and clotting
time as measured by heparin resistance and Quick's prothrombin
time tests.
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Discussion

Lee & White Test In the Presence of Substances added in vitro

It has been pointed out in both the dextrose/laevulose

experiments (p. 254.) and the noradrenaline experiments

(p, 291) that the order of mean clotting times suggests a

negative correlation between Lee & White clotting time and the

concentration of these test substances added in vitro; none

of these trends is however statistically significant,

Mean clotting times for dextrose, laevulose, adrenaline

(Experiment 1) and noradrenaline treatments, expressed as per¬

centage changes from the mean clotting times for saline

control tubes, are given on pp. 253, 272 and 293

respectively. All the mean clotting times in the presence of

each of these test substances are shorter than those of their

saline controls. Furthermore, except with noradrenaline, the

hi^rer the concentration of the test substance added, the

greater the degree of shortening of clotting time from the

clotting time of the saline control. The exception is due to

the fact that with the lower noradrenaline concentration

(Treatment (b)), the percentage shortening of the clotting

time for silicone-coated glass tubes is smaller than that for

glass tubes. With the other noradrenaline treatment and with

all treatments with the other test substances, the percentage

shortening in the silicone-coated glass tubes was greater

than that in the glass tubes. The degree of the shortening

from /
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from saline control level for glass and silicone-coated glass

tubes combined ranges in all test substances from -8,8 to

The corresponding ranges for glass and silicone-

coated glass tubes separately are -6,0 to -0,9?? and -10.5 to

-2.3$ respectively. In each of these three ranges the

maximum degree of shortening has been produced by Adrenaline

Treatment (a). The effect with this treatment is noticeably

greater than that produced by the other Adrenaline Treatment

(b) or by any treatment with the other test substances,

Adrenaline Experiment 1 is the only experiment where there is

a significant negative correlation between Lee & White

clotting time and the concentration of the test substance

added in vitro. In Adrenaline Experiment 2 there is further

evidence for the validity of the same correlation (p£79 ).

It is possible that the following are the three reasons

for the failure to demonstrate a significant negative correla¬

tion between clotting time said the concentration of laevulose,

dextrose or noradrenaline added in vitro.

1, The range of adrenaline concentration used was greater

than that of the other three test substances:

Range of concentrations tested

Adrenaline Experiment 1
Experiment 2

10.0
13.9

Laevulose 2.0

Dextrose 2.0

Noradrenaline 1.5

2. /
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2. The numbers of observations were greater in the

adrenaline experiments:

Kb. of observations'
from which treatment
means were derived

Adrenaline Experiment 1 40
Experiment 2 22

Laevulose 24

Dextrose 24

Noradrenaline 12

3. During the present study the impression was gained

that the difference in the clotting times of the same blood

sample in glass and in silicone-coated glass tubes was

greater in large (12 mm) than in small (9 mm) diameter tubesj

that is, that the effect of a silicone-coated glass surface

in prolonging clotting time was greater in the large than in

the small diameter tubes. Statistical support for this

impression was given in the analysis of interaction (tube

diameters x glass and silicone-coated glass tubes) in

Adrenaline Experiment 1 (p. 275). Furthermore, the mean

percentage difference in clotting time between saline and

empty control tubes was not so large in the dextrose/

laevulose and noradrenaline experiments as in Adrenaline

Experiment 1j in the dextrose/laevulose and noradrenaline

experiments all the tubes used were of small diameter. (in

Adrenal Experiments 2 and 3 there were no empty control tubes.]

In /
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In view of the possibility that the shortenings of
(

clotting time with dextrose, laevulose and noradrenaline were

not statistically significant became the experiments were

not large enou^i to detect an effect of such small degree,

the following procedure was adopted to add together the

results of the tests made with these three substances.

In the dextrose/laevulose experiment, the mean clotting

time in glass tubes for Dextrose Treatments (a) and (b) and

Laevulose Treatments (c) and (d) all combined was 8.46 min.

The mean saline clotting time in glass tubes was 8.77 rain.

The corresponding means for silicone-coated tubes were

12.82 min for the dextrose and laevulose treatments combined

and 13.40 for the saline controls. In the noradrenaline

experiment the glass tube mean for the Noradrenaline Treat¬

ments (a) and (b) combined was 9.02 min and the mean saline

control clotting time 9.29 min. The corresponding means for

the silicone-coated tubes were 12.44 min for the noradrenaline

treatments combined and 12.96 min for the saline control

Treatment (c).

Mean clotting times (rain) Mean clotting times (min)
in presence of test of saline control tubes
substances and number of and number of observations
observations from which from which derived.
derived.

8,46 (48;
12.82 (48
9.02 (12'
12.44 (12;

8.77 (12)
13.40 12)
9.29 ( 6)
12.96 ( 6)

11.11 (36)10.69 (120)
(Combined mean for (Combined mean for
test substances.) saline controls.)

Difference between combined means for saline controls and
test substances (with standard error) = 0,42 * 0.24 min,
t » 1.755 0.05 < P.
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The difference between the combined means is thus not

statistically significant.

In conclusion it is suggested that since the degree of

shortening of Lee & White clotting time produced by laevulose,

dextrose and noradrenaline is less than 5% of the control

clotting time and is not statistically significant, it can

be ignored. The shortening of Lee & White clotting time in

the presence of adrenaline added in vitro must be further

investigated because the degree of the effect is greater

and the ohange is statistically significant.
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MOTE ON "ITERATIVE METHOD GIVEN BY SNEDBCOR"

In any experiment in the present study where the loss of

data biased the results from the data obtained, estimates of

the missing data were calculated as follows.

One missing reading (usually of clotting time) was

supplied with the aid of a formula proposed by Allan and

Wishart (1930), modified by Yates (1933) and publicised by

Snedecor (1946)•

Missing reading = tT + bB ♦ S
(t-l)(b-l)

Where

t = number of divisions of first variable
b » number of divisions of second variable

(e.g. subjects, treatments, sampling times, or rows and
columns of Latin square randomisation)

T = sum of readings in division of first variable containing
missing reading

B a sum of readings in division of second variable containing
missing reading

S = sum of all readings obtained

When the data were submitted to an analysis of variance,

the calculated reading was included but the number of degrees

of freedom for "total" and "residual" ("error") were each

decreased by one. The calculated reading is thus so

determined that the residual sum of squares is as small as

possible. This implies that the calculated reading is its

own expected value, its deviation from expectation being zero;

the deduction of a degree of freedom for the calculated read¬

ing makes the estimate of error unbiased. However, the value

of the treatment mean square is biased upwards so that the

F-value/
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F-value is slightly exaggerated. This exaggeration must be

taken into account **hen ascribing levels of statistical

significance to F-values for experiments where there are

calculated readings.

Where two readings were missing (X^ and X2) a modificat¬

ion of the same method was used. First, the experimental

mean or the mean of the division of a variable containing X2
was taken a3 a reasonable value for X2 and values of T, B, and
S including X2 were substituted in the formula for Xi. T, B,

and S were then recomputed including the calculated X]_ and

excluding X2 and substituted in a similar formula for X2. The

process was now repeated for an improved calculation of Xi.

After a few cycles the new calculated value was almost the

same as the previous calculated value. The data were then

ready for analysis of variance with two degrees of freedom

deducted from "total" and "residual".

It is important to recognize that the calculation of

missing readings does not replace them} the loss of one read¬

ing in ten leads to the loss of one-tenth of the information

from the experiment. The only function of the iterative

method is to facilitate the submission of the remaining nine-

tenths of the data to an analysis of variance.
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ADRENALINE IN VIVO AND IN VITRO AND CLOTTING- TIME

On the following evidence, the shortening of the Lee &

White clotting time in silicone-eoated glass tubes observed

in the adrenaline infusions in vivo cannot be wholly due to

the shortening of clotting time caused by the addition of

adrenaline to blood in vitro. It has been stated that there

was a significant negative correlation between Lee & White

clotting time in gLass and silicone-coated glass tubes

combined, and adrenaline concentration added in vitro (Table

L). The magnitude of this in vitro effect was much smaller

than the in vivo effect and the following regression analysis

has been carried out to illustrate this point (Table LXXIX).

Observed Regression in vitro

Slope of Observed Regression in vitro

The slope of the linear regression line of Lee & White

clotting time in minutes on the logarithm of the adrenaline

concentration added in vitro in grams per litre has been

calculated using data from Adrenaline Experiments 1 and 2

and from Yfeldron (1951i p. 242). Clotting times in

silicone-coated glass tubes only from Adrenaline Experiments

1 and 2 have been used because the effect was not observed

in glass tubes. The mean clotting times for the two

adrenaline treatments of W&ldron are not comparable with each

other because their corresponding mean saline control

clotting /
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clotting times are not the same. The mean of the two mean

saline control clotting times was 12,42 minutes. The mean

clotting times for the two adrenaline treatments were made

comparable by dividing 12.42 by their corresponding mean
\

saline control clotting times and multiplying the mean

clotting time with the respective adrenaline treatments by

the quotients obtained. This adjustment gives the data used

for the regression analysis and plotted in Fig, 4-5 (see Table

LXXIX). The magnitude of the effect reported by Waldron is

seen from Fig. 45 to be much greater than that observed in

the present study. Thus the position of the regression line

calculated from Waldron's data would differ markedly from

that calculated from the data in Adrenaline Experiments 1 and

2. The regression coefficients expressed as fall in

clotting time in minutes per ten-fold range of adrenaline

concentration are:-

Adrenaline Experiment 1s 0.93 - 0.37

Adrenaline Experiment 2; 0.57 i 0.41
Waldron (1951)» 0.72 - 0.36

Because the slopes of the three regression lines do not

differ significantly a common slop© was calculated which was

weighted according to the number of observations in

Adrenaline Experiments 1 and 2 and Waldron's experiment

(1951). This common slope is -0.75 minute per ten-fold rise

in adrenaline concentration added In vitro (with standard

error ^0.22). It has been fitted to the three sets of

points /
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Figure 45

LINEAR REGRESSION OF LEE & WHITE CLOTTING TIME ON ADRENALINE
CONCENTRATION IN VITRO

ADRENALINE
EXPERIMENT I

Silicone saline

CLOTTING

TIME

(min) Glass saline

10 -3 10"

ADRENALINE
EXPERIMENT 2

I0"3 I0"2
.

, ADRENALINE .

(g/l. added in vitro)

WALDRON (1951)

Collodion saline

I0"3 I0"2
,

, ADRENALINE
(g/t.added in vitro)

COMPARISON OF ESTIMATED REGRESSION IN VIVO WITH OBSERVED REGRESSION
IN VITRO

SHORTENING
OF

CLOTTING
TIME
(miri) 4

Saline

Reported resting Mean estimated
level in vivo level attained

in adrenaline
infusions in man

BLOOD ADRENALINE
CONCENTRATION (g/l)

Adrenaline Experiments in vitro;- 1, 2, 3.
Waldron (1951)s- W.
Lee & White clotting tiroes:
(in minutes)Glass tubes G

Silicone-coated tubes S
Collodion-coated tubes C

Blood adrenaline levels:
(log g/l.) ,

Reported resting level in vivo 10~° g/l. from Outschoom
and Vogt (1952); Weil-Malherbe and Berne (1952).

Mean estimated level attained in adrenaline infusions
in man 10*"5 g/it (p, 327).

Linear regressions:
Common regression line for clotting time on adrenaline
concentration added in vitro (Table LI) o o

Estimated regression of clotting time on adrenaline
concentration in vivo (p.328) x x

In order to compare slopes of regressions observed in
vitro and estimated in vivo, the clotting times are plotted
as differences from silicone saline clotting times. The
method of superimposing Adrenaline Experiment 2 (far which
there is no saline clotting time) is described on p.325).
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points from which it is derived in Fig. 45.

Position of Observed Regression in vitro

In calculating the position of the regression line the

data from Adrenaline Experiment 2 cannot he utilised because

no saline control readings were made in this experiment. It

is likely that the position of the line from Caldron's data

would not be comparable because Waldron (195*1) used

collodion-coated tubes. The position of the line has

therefore been estimated using the data from Adrenaline

Experiment 1 only (Table LXXIX).

Equation for Observed Regression in vitro

Where x » log adrenaline concentration in g/l.

x » i (2.097 + 1.097) » 1.597 s/l. (in log units)

Where y a Lee & White clotting time in silicone-coated
glass tubes (min)

y = i (12.15 + 13.18) = 12.72 min

y s y + b(x - x)

y = 12.72 - 0.75 (x - 1.597)

Plotting of Observed Regression in vitro

The slope and position of the regression line are seen

in the lower part of Fig. 45. Because the position of the

regression line was estimated using data from Experiment 1

only, the points for each adrenaline treatment in Experiment

2 have been added using the common slope of the regression

line. /
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line. Data from Adrenaline Experiment 3 could not be

utilised in the regression calculations because between
-9

10 and 10 g synthetic adrenaline per litre of -whole blood

added in vitro there was no evidence of a significant negative

correlation between adrenaline concentration and Lee & White

clotting time in sillcone-coated glass tubes (Table LII).

The mean silicone clotting times in the presence of adrenalin®
„K «6 /

10 and 10 g/l, added in vitro from Experiment 3 have

however been plotted in the lower part of Fig. 45. The

plotting of these points was straightforward because, unlike

Adrenaline Experiment 2, there was a saline treatment in

this experiment.

Reported Resting: Blood Adrenaline Level in vivo

Estimations of blood adrenaline were not made in the

present study because the technical difficulties in estimating

adrenaline in peripheral blood are very great (p. 151 ). In

Fig. 45 the resting blood adrenaline level has been plotted

as 10 g/l. whole blood (p. 240 ). The adrenaline concen¬

trations added in vitro in Experiments 1 and 2 to produce the
-2 ■ -3

very small degree of shortening observed were 10 and 10

g/l. In Experiment 3 there was no evidence of a shortening
♦5

of clotting tin© by adrenaline concentrations between 10
mq

and 10 g/l, -whole blood added in vitro. Because of the

smallness of the degree of shortening of clotting time by

adrenaline 10**2 to 10~^ g/l. whole blood added in vitro, the

in vitro effect of adrenaline 10~ g/l, is highly unlikely

to /
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to be of physiological significance in vivo. However, it is

necessary to calculate the degree of rise in blood adrenaline

which might have been produced by the infusion of adrenaline

in man.

Estimate of Blood Adrenaline Level Attained in
Adrenaline Infusions in Man

No data are available for the rate of disappearance or

inactivation of adrenaline infused intravenously. It is

generally supposed that adrenaline is rapidly destroyed in

the body, this destruction being attributed to the action of

the widely distributed amine oxidase and catechol oxidases.

On the other hand, von Euler (1954) has mentioned that if

adrenaline is mixed with blood or serum its activity persists

for many hoursj he however gives no experimental evidence

for this statement. Because the effect of adrenaline on

pulse rate rapidly declines after intravenous infusion, the

adrenaline has not necessarily either been inactivated or

disappeared from the circulating blood. During an infusion

of adrenaline, each time the rate of infusion is increased,

two phases of change in heart rate occur. First, there is

a short period during which the heart rate increases greatlyj

thereafter the heart rate tends to slow down but not quite to

pre-infusion rate. This secondary slowing is said to be due

to vagal influences because it does not occur if the subject

has been atropinised (Allen, 1948). However, assuming that

any effect of adrenaline on blood clotting is simultaneous

with /
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with its effect on pulse rate, an estimate of the rise in

blood adrenaline following intravenous infusion has been made

as follows.

In each adrenaline infusion in man the pulse rate curves

for the first few minutes of the test infusion of active

adrenaline were studied. For each infusion the time was

noted when the pulse rate fell for the first time after the

initial rise produced by the action of the adrenaline. The

amount of adrenaline infused between the beginning of the

test infusion and this time was calculated. In Adrenaline

Infusion 1 (Table CXVII) the total test period of adrenaline
**6

infusion lasted only six minutes; all the 56 x 10 g

adrenaline infused in this period was included. The corres¬

ponding values for Adrenaline Infusions 2, 5, 4, 5 and 6 were

46, 51, 40, 19 and 10 x 10 g adrenaline respectively. The
£

mean of these six values (37.1 x 10 g adrenaline) divided

by the approximate blood volume (51.) gives an estimate of

the mean rise in blood adrenaline level of 7.4 x 10 g/l.

Thus in vivo, a mean shortening of 14.6$ of Lee & White

clotting time in silicone-coated glass tubes was present with

a blood adrenaline level of approximately 10*"5 g/l. This

point is illustrated by making the preliminary calculation

that where the mean saline control in the in vitro

Adrenaline Experiment 1 was 13.69 minutes, a shortening of

14.6$ would amount to two minutes (Fig. 45). The regression

line of clotting time on estimated adrenaline concentration

in vivo is drawn by joining this point to the point formed

where /
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where the resting blood adrenaline level and the silicone

saline clotting time intersect. This regression line in vivo

has a vastly different position from the regression line

derived from the in vitro data. Indeed, in order to shorten

the clotting time in vitro by two minutes, an extrapolation

of the in vitro regression line to a blood adrenaline level

of 10 g/l, would be required. Furthermore, from the

"rate of adrenaline infusion" column in the adrenaline

infusions in man (Tables CXVI-GXXl), the total amount of

adrenaline infused in each experiment can be worked out. The

largest amount of adrenaline infused in a single experiment

was 404 x 10**^ g (Adrenaline Infusion 2, Table CXVII).

Allowing for dilution by five litres of whole blood, the

maximum degree of elevation of blood adrenaline level in any

of the six adrenaline infusions was thus to approximately

10 ^ g/l. From Fig. 45 it can be seen that even if this

maximum level of lO"** g adrenaline/l, whole blood had been

attained in any adrenaline infusion, this was still much

lower than the concentration required to be added in vitro to

produce even a smaller degree of shortening of clotting time.

Conclusion

Although experimental demonstration of the shortening of

clotting time by adrenaline in "vitro necessitated the use of

adrenaline concentrations greater than physiological, the

effect was not as large as the shortening produced in vivo by

an adrenaline concentration within physiological limits; the

direct action of adrenaline is not sufficient to account for

the shortening of clotting time observed in the present study

following its infusion in man.
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. .. .ttty Experiments In vitro.TiwXi

Linear Regression of Lee & White Clotting Time in coated
tubes on adrenaline concentration added in vitro

(Data used, and regression expressed as fall in clotting
time in minutes per ten-fold increase in adrenaline
concentration, with standard error)

Adrenaline - Experiment 1. silieone-eoated tubes only.

Adrenaline added in vitro (xld"it/1.) 12.5 1.25

Mean clotting time (min) 12.25 13.18

(Each mean clotting time is derived from 20 observations)

Regression coefficient (b) = -0.93 ± 0.37

Adrenaline - Experiment 2. silicone-coated tubes only.

Adrenaline added in vitro(xlO pjl,) 12.5 5.2 2.2 0.9

Mean clotting time (min) 11.07 11.45 11.84. 11.67

(Each mean clotting time is derived from 11 observations)

Regression coefficient (b) = - 0.57 * 0.41

Experiment of Waldron (1951). collodion-coated tubes

Adrenaline added in vitro(xlCTWl.) 10.0 1.0

Mean clotting time (min) 9.38 10.10

(Each mean clotting time is derived from 20 observations)

Regression coefficient (b) = - 0.72 4 0.37

Regression time

Common slope (b) from adrenaline experiment 1, adrenaline
experiment 2 and Waldron (1951)

■ - 0.75 4 0.22

Position determined from data of Experiment 1 by expression

y » y + b(x - x), where

y (position coefficient) is the mean of all the clotting
times from both adrenaline concentrations

x is the mean adrenaline concentration
b is the common slope, as above, and
y is the estimated clotting time for a given adrenaline

concentration x
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GENERAL DISCUSSION

Similarity of Results of Analysis of Clotting
Tests in the Several Experiments of the

Present Study

The results of the statistical analyses of the clotting

tests in untrained subjects in the serial venepuncture

("laevulose tolerance") experiments and in trained subjects

in the adrenaline and A.C.T.H. infusions were similari-

(1) In each series of experiments the test which was

most sensitive in showing the effect was the bee & White

clotting test in silicone-coated glass tubesj the effect was

not observed in the same test when glass tubes were used.

(2) The magnitude of the effect was of the same order in

the various experiments. In the serial venepuncture ("laevu¬

lose tolerance") experiments the fall in Lee & White clotting

time in silicone-coated glass tubes was 8,8% per hour observed

(p. 28). The corresponding rates of fall for the adrenaline

and A.C.T.H. infusions were approximately % and 7%

respectively.

Lee & White Clotting Test in Glass and
Silicone-coated Glass Tubes

It is interesting that the Lee & White clotting test in

silicone-coated glass tubes shows an effect not seen in the

same test using glass tubes. Silicone is recognised to

provide the best non-water wettable surface available, and

silicone-coated glass vessels have two advantages over

ordinary/
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ordinary glass: their surface is thought to have properties

in common with the vascular endothelium, and the resultant

prolongation of clotting renders alterations in clotting time

more obvious. However, in the data from the "dextrose

tolerance" experiments (Table XX), "infusions in man" (Table

XXVII) and "animal experiments" (Table XXXI) there was a

significant correlation between the results of the Lee & White

clotting times in glass and in silicone-coated glass tubes

on the same blood samples,

Gannon-Msndenhall Clotting Test

The Cannon-Mendenhall clotting times tended to be more

closely correlated with the Lee & White clotting times in

glass tubes than in silicone-coated glass tubes (Tables XX,

XXVII, XXIX, XXXII), However, it was only in the "dextrose

tolerance" experiments (Table XX) that the correlation between

glass clotting time and Cannon-Mendenhall clotting time was

statistically significant. Of the experiments in which the

Lee & White clotting time in silicone-coated glass tubes show¬

ed significant changes, only in the A.C.T.H. infusions were

Cannon-Mendenhall clotting times also made. In these

A.C.T.H, infusion experiments the significant regression of

silicone clotting time on time was not observed in the Cannon-

Mendenhall test.

Ouiclds/
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Quick's Prothrombin Time Test

It will have been noted that the only experiments in

which there were significant changes in Quick's prothrombin

time were the adrenaline infusions in man* Here, blood

samples taken at the end of the test periods gave the shortest

prothrombin time in all four experiments where comparison is

applicable (p.113). It is not surprising that here the

Quick's prothrombin time test showed changes not observed

elsewhere in the present study because:

(1) The four blood samples were withdrawn at the time

when any effect of adrenaline on clotting time would have

been expected to be greatest.

(2) The silicone clotting times made on the same blood

samples showed the greatest degree of shortening seen in the

present experiments (14-.6$\ p. 11$.

(3) The magnitude of the mean shortening of prothrombin

time was so small (3.6$) that it could readily have escaped

recognition if not looked for here specifically.

Limitation of Degree of Shortening of Clotting Time

It is possible that the magnitude of the shortening of

Silicone clotting time in the three series of experiments

("laevulose tolerance", adrenaline and A.C.T.H. infusions)

was the same because the degree of shortening of clotting

time which can be produced by pituitary-adrenal stimulation is

limited/
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limited. Once this degree of shortening of clotting time

has occurred, an increase in stimulation would then produce no

further change, Menghinl and Qiunti (194.3a, bj p. 29 ) made

seven serial venepunctures at half-hour intervals. They

.reported that a progressive shortening of clotting time was

halted after the fourth venepuncture, at a clotting time of

about three minutes. The authors suggested that the effect

was due to the repeated liberation of tissue thromboplastin

into the circulation but if so, it is difficult to see why

the progressive effect was halted at a clotting time of three

minutes,

Nature of the Changes in Clotting Time

The in vitro experiments make it clear that the changes

in clotting time cannot be explained by the direct action on

the clotting mechanism of any of the drugs considered.

It has been noted that the greatest changes in clotting

time were seen in the clot sing time of whole blood in

silicone-coated glass tubes and that lesser effects were seen

in the prothrombin time with concentrated brain thromboplastin,

No effect could be demonstrated in the prothrombin time with

dilute thromboplastin, in the thrombin-plasma reaction time or

in the whole blood clotting time in glass tubes. This

suggests that the fundamental change does not lie in the

antithrombin or in the thrombin-fibrinogen reaction, but in

the liberation of thrombin. The suppression of a thrombo¬

plastin inhibitor is unlikely, for then the prothrombin time

with/
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with dilute thromboplastin would be more likely to show the

effect than the prothrombin time with concentrated thrombo¬

plastin, The findings may be explained by supposing that

increase in adrenocortical activity facilitates the activation

of blood thromboplastin, but operates less efficiently upon

the tissue thromboplastin (Biggs and Macfarlane, 194-9) used

in the prothrombin time tests (the effect appearing only \jhen

this thromboplastin is present in quantity).

Correlation between Changes in Eosinophil Gount
and Silicone Clotting Time

In the serial venepuncture ("laevulose tolerance")

experiments there was a parallel fall in eosinophil count and

in clotting time# It has been suggested (p, 69) that the

observation that a fall in eosinophil count occurred supports

the hypothesis that a pituitary-adrenal mechanism is

responsible also for the fall in clotting time.

However, a fall in eosinophil count is not directly

related to the shortening of clotting time reported in the

present study because in the A.C,T»H. infusions the clotting

time shortened without any accompanying fall in eosinophil

count. Furthermore, when Subject G.F. (Table LXXX), who is

habituated to venepuncture, was subjected to the serial

venepuncture ("laevulose tolerance") experiment, there was a

fall in eosinophil count similar to that in the untrained

subjects but the clotting time did not shorten. Since large

diurnal falls in eosinophil count are likely to occur in

the/
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the morning only (Fisher and Fisher, 1951; Donato and

Strumia, 1952; Swanson et al.. 1952) the fall during the

serial venepuncture ("laevulose tolerance") experiments and

its absence during repeated venepunctures during the A.C.T.H.

infusions might have been simply because these two series of

experiments were carried out in morning and afternoon respect¬

ively. However, this explanation is unlikely because*

(1) There was no fall in eosinophil count during the

"dextrose tolerance" experiments which, like the "laevulose

tolerance" experiments, were carried out in the morning.

(2) Large rates of fall in eosinophil count occurred in

all subjects in the "laevulose tolermce" experiments whereas

large falls due to diurnal change are reported to occur only

exceptionally (p. 11).

(3) In the present 3tudy the mean rate of fall of

eosinophil count on time (p. 28) was clearly greater than the

mean falls calculated from the data of Fisher and Fisher,

Donato and Strumia, and Swanson et al.. who report that large

diurnal changes can occur.

It has been suggested (p. 69) that the difference in

eosinophil response to serial venepuncture with dextrose

feeding ("dextrose tolerance") and without dextrose feeding

("laevulose tolerance") was due to the pituitary-adrenal

activity not being the same in the two aeries of experiments

either because the blood dextrose curves differed or because

the subjects and the conditions of testing in the two series

of experiments were not the same. However, even if the fall

in/
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in eosinophil count in the "laevulose tolerance" experiments

was due to diurnal variation, this diurnal variation in blood

cell count itself has been reported to be secondary to

diurnal variation in adrenocortical activity (p. 13),

Jffyifonoe that Adrenal^e Shortens Cjotting Time

Much evidence has been presented that adrenaline shortens

clotting time. W.B, Cannon and his associates reported a

shortening of clotting time following the injection of
. ? iX'U*.: ;' C

adrenaline in doses within physiological limits (p. 135)J

many other workers have reported the shortening of clotting

time by adrenaline (p. 34.) J in the present study a shorten¬

ing of clotting time was elicited in both man and animals by

the administration of adrenaline but only in man by the

administration of A.G.T.H. Furthermore, the shortening of

silicone clotting time in the adrenaline infusions was much

more convincing than that in the A.G.T.H, infusions. (Indeed,

that ascribed to A.C.T.H. may have been due to a regression

of clotting time on time (p. 117).)

Present qypothesip

Gannon fiJL£&. believed that procedures such as splanchnic

nerve stimulation shortened clotting time by the liberation

of endogenous adrenaline. The results obtained by the

recentlydeveloped methods of estimating adrenaline in adrenal

venous/
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venous blood support Cannon's theory that the adrenal

secretion of adrenaline is increased by procedures such as

splanchnic nerve stimulation (p. 153) • However, Vogt (1944-)

has reported that electrical stimulation of the splanchnic

nerves causes an increase in the secretion of the adrenal

cortex in addition to that of the adrenal medulla. It is

tentatively suggested that the discharge from the adrenal

cortex is responsible for the shortening of clotting time

following procedures which Cannon et al. thought may have led

to the shortening of clotting time by the liberation of

endogenous adrenaline. If it is to be hypothesised that the

shortening of silicone clotting time observed in the serial

venepuncture experiments and the adrenaline and A.C.T.H.

infusions of the present study was caused by increased adreno¬

cortical activity, evidence must be presented that such an

increase was likely to occur in each of these three series of

experiments. In a review paper, Harris (1951)» expressing

current opinion, suggests that the basal output of A.C.T.H. is

under h; pothalamic control and that this basal output my be

increased either by (a) an effect on the blood level of

adrenaline or of adrenocortical hormones, or by (b) an effect

on the central nervous system mediated through the hypo¬

thalamus and pituitary stalk. He considers that the blood

level of adrenaline and adrenocortical hormones affects

anterior pituitary activity by an action on the hypothalamus

rather than by an action on anterior pituitary cells.

Sppreaped/
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Increased Adrenocortical Activity with Evidence of
Increase in Blood Adrenaline

An increase in adrenocortical activity in the adrenaline

infusions could readily have been caused by an increase in

blood adrenaline level. Vogt (1944), Long (1947) and

Paschkis et al. (1950) have reported that adrenaline increases

the adrenocortical activity of adrenal venous blood (p,l60).

Increased Adrenocortical Activity without Evidence of
Increase in Blood Adrenaline

It is not yet known how emotional disturbances influence

the plasma steroid level (Bayliss, 1955J p* 99)# but release

of adrenaline might be postulated as an intermediate

mechanism. However, direct measurement of the plasma 17-

hydroxycorticosteroid concentration and of the 17-hydroxy-

cortlcosteroid concentration and 17-ketosteroid concentration

in the urine from a few minutes to one to four hours after a

single injection or a prolonged infusion of adrenaline in

normal subjects has failed to show any increase in adreno¬

cortical activity (Sandberg et al.. 1953J Hunter et al..

1955)* On this and the following evidence it must be

concluded that adrenaline is not responsible for the increased

plasm steroid levels found in emotional disturbances.

The response of the adrenal cortex to pain (Gordon,

1950), to haemorrhage (Vogt, 1947), to surgical operation

(Hodges, 1953) to injections of insulin (Vogt, 1951a) or

(^-tetrahydronaphthylamine (Vogt, 1951b) persisted in animals
in/



- 3-40 -

in which adrenaline secretion was prevented by denervation

or demedullation of the adrenals. On the other hand,

emotional stimuli might have been expected to depend entirely

on the release of adrenaline for the production of physical

effects. Furthermore, experiments in animals with

desedullated adrenal glands in which the form of stress

employed caused only subaaximal effects on the adrenal

ascorbic acid concentration might be expected to yield the

most information on the role of adrenaline in the production

of pituitary adrenocortieotrophie activity, Vogt (3951b)

found that a single subcutaneous injection of saline was

followed by depletion of of the adrenal ascorbic acid in

normal rats and that the effect was not elicited in animals

with demedullated adrenal glands (Vogt, unpublished), This

report suggested that the increased A.C.T.H. activity caused

by the emotional stimulus of an injection of saline was

entirely dependent upon the secretion of adrenaline and nor¬

adrenaline by the adrenal medulla. However, Vogt (1951b)

also found that the adrenal ascorbic acid depletion caused by

other types of emotional stress was reduced only by adrenal

deraedullation. Five weeks after removal of one adrenal and

demedullation of the other, untrained rats were submitted to

an unaccustomed situation represented by measurements of

their rectal temperature. Within an hour they showed a small

but significant fall in adrenal ascorbic acid, while a larger

fall was observed in normal rats. Thus the secretion of the

adrenal/
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adrenal medulla was not solely responsible for the adreno¬

cortical response to an emotion which caused, perhaps because

of its repetition, large changes in the normal adrenal,

McDermott et al, (1950) suggested that the secretion of

A.C.T.H, might be elicited either by adrenaline, in which ease

the response was rapid, or by metabolic changes, in which case

it was slow. Vogt modifies this hypothesis to include her

observations (1951a, b) by adding to adrenaline, "stimulation

of the central nervous system" as a second rapid mechanism

for the release of A.C.T.H.

Shortening of Clotting Time without Evidence of
Increfrpe in Blood Adrenaline

The following evidence suggests that adrenaline release

was not directly or indirectly responsible for the shortening

of clotting time observed in the A.C.T.H. infusion and serial

venepuncture experiments of the present study.

It has been noted that the rate of fall of silicone

clotting time in the serial venepuncture and adrenaline and

A.C.T.H. infusion experiments was the same (p«33l). In the

adrenaline infusions the dosage of adrenaline which shortened

clotting time was sufficient to cause marked facial pallor

and to elicit complaints of palpitations? measurements of

pulse rate and blood dextrose gave confirmatory evidence of

adrenaline activity.

A.C.T.1I, Infupionp

The clotting time also shortened in the A.C.T.H,

infusions/
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infusions but the pattern of the response differed from that

observed in the adrenaline infusionsJ there is little

evidence that the shortening of clotting time was a real

effect of the A.C.T.H, infused {see p. 117), That there was

no fall in eosinophil count during the A.C.f.H, infusions was

probably because the infusions were terminated before the

eosinopaenic response to the infused A.C.T.Ii. could be

manifestj after A.G.T.H, or cortisone the fall in eosinophil

count is greatest four hours after injection (Nelson et al..

1952j Gemaell and Franksson, 1953)» whereas following

adrenaline the fall in count is greatest two hours after

injection. In these A.G.T.H. infusions there were no

clinical signs of adrenaline releasej there was also no rise

in blood dextrose. Thus adrenaline release was not

responsible for the shortening of clotting time observed in

the A.G.T.II. infusions.

Serial Venepuncture Experiments

To reduce the disturbance of the patients to the

minimum, pulse rates were not taken in the serial venepuncture

("laevulose tolerance") experiments. However, there were no

clinical signs of adrenaline release and the blood dextrose

did not rise greatly despite the administration of laevulose.

It is therefore unlikely that the shortening of clotting time

was brought about here by the release of endogenous

adrenaline alone. It is suggested that the shortening of

clotting time in the aerial venepuncture experiments was

caused by emotional stimulation of the central nervous

system.
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SUMMARY AND COMCLUSIQBS

A classical series of papers by W.B, Cannon and

associates (1914-1916) reported a shortening of clotting tine

in the cat by the injection of adrenaline and following

procedures which they thought likely to lead to the liberation

of endogenous adrenaline. All clotting tines were measured

by an apparatus which recorded the resistance offered by a

column of fresh whole blood to the movement through it of a

copper wire (Cannon-Mendenhall method).

Many reports have since been published on the shortening

of clotting time produced in man and in animals by many

different procedures carried out under diverse conditions.

Because of this diversity, it seemed reasonable to look for

some common factor in all these reports. It was thought

that a stimulation of the pituitary-adrenal system sight have

occurred in each case, caused by the drug injected (e.g.

adrenaline), by the procedure (e.g. painful stimulation), or

by the circumstances of the experiment (e.g. serial vene¬

puncture).

To test this hypothesis three experiments were performed

in mans

(l) Eight untrained fasting subjects were each submitted

to five venepunctures at half-hourly intervals and were fed

laevulose after the first puncture. None of the subjects

was habituated to venepuncture? each was tested on one

occasion only. The laevulose was regarded as an inert control

substance/
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substance. Mean clotting times and mean eosinophil counts

fell steadily throughout the period of observation. The

hypothesis of a pituitary-adrenal mechanism is supported by

the parallel fall in clotting time and eosinophil count.

It is suggested that repeated venepunctures in untrained

persons provide a cumulative noxious experience which

progressively stimulates the pituitary-adrenal mechanism.

Previously it has been reported that the clotting time

shortens during repeated venepunctures and also that this

procedure may cause an increase in adrenocortical activity.

It is clear that blood clotting experiments involving serial

venepuncture must be controlled for the effect of the

venepuncture alone.

(2) Fourteen untrained fasting subjects were submitted to

a similar procedure but were fed dextrose instead of

laevulose. The important difference between laevulose and

dextrose which emerges from previous work is that of these

two only dextrose has been reported as influencing the

function of the pituitary-adrenal system. Dextrose tolerance

tests were carried out because many reports have been

published to the effect that dextrose causes changes in

pituitary-adrenal function. A negative correlation between

the signs for the quadratic curvatures for silicone clotting

time and dextrose concentration suggested that the changes in

clotting time were related to those in dextrose concentration,

the effect of which seemed to have overridden the venepuncture

effect demonstrated in the laevulose tolerance tests. In

this/
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this experiment the changes in clotting time and eosinophil

count followed a pattern different from that in the previous

experiment. Whether this was caused by the relatively small

difference between the blood dextrose curves, or by the

differences between the subjects and the conditions of testing

in the Wo experiments, the findings suggest that the

pituitary-adrenal activity was not the same in the two experi¬

ments and that this change was reflected in changes of

clotting time. The difference in the eosinophil curves in

the two experiments might have reflected a difference in the

initial pituitary-adrenal state in the two series of experi¬

ments, but this is unlikely because the initial mean eosinophil

counts in the two series did not differ significantly. After

previous experiments controlled for the effect of venepunctures

alone, reports have been made that the clotting time alters

during dextrose tolerance tests and also that changes in blood

dextrose affect pituitary-adrenal activity.

(3) Six subjects habituated to venepuncture were given

repeated intravenous infusions of saline, to some of which

were added for a period adrenaline or A.C.T.H, A shortening

of the silicone clotting time was observed in the adrenaline

and A.C.T.H. but not in the control infusions. It is

explained why the changes in clotting time are thought to have

been probably caused by the real effects of the adrenaline

given, but only possibly by the real effects of the A.C.T.H,

given.

Some of the experiments of Cannon fife were repeated in
I

cats/
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cats and dogs but although a degree of confirmation of their

findings was obtained with the Cannon-Mendenhall method of

estimating clotting time, the Lee and White clotting times

were uninformative.

When the reagents involved in the in vivo experiments

were tested for an effect on blood clotting In vitro, adrenal¬

ine was the only one which produced a statistically

significant shortening of clotting time; however, the size

of this in vitro effect was negligible and a higher adrenaline

concentration was required to elicit it. Evidence from the

literature suggests that noradrenaline would be unlikely to

shorten clotting time.

In untrained subjects in the serial venepuncture experi¬

ments ("laevulose tolerance") and in trained subjects

receiving infusions of adrenaline and of A.G.T.H., the

clotting test which was most sensitive in showing the effect

was the Lee and White clotting time in silicone-coated glass

tubes; the effect was not observed in the same test when

glass tubes were used. Unlike a glass surface, a silicone-

coated surface is thought to have properties in common with

the vascular endothelium; it is also possible that the

resultant prolongation of clotting time renders alterations

in clotting time more obvious. In the Quick's prothrombin

time test there was a negligible but statistically significant

shortening of clotting time in the adrenaline infusions

only. The magnitude of the shortening of silicone clotting

time was of the same order in all experiments. In the

serial/
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serial venepuncture experiments the fall in Lee and White

dotting time in silicone-coated glass tubes was 8,B$ 1 2*0%

per hour observed (with standard error of the mean)* This

waB calculated from the slope of the least squares regression

line using the clotting times transformed into percentages of

the clotting times at the first punctures. The corresponding

rates of fall for the adrenaline and A.C.T.H. infusions were

approximately % and 7% respectively.

From the nature of the changes in clotting time it is

suggested that the shortening of clotting time is due to

facilitation of the activation of blood thromboplastin.
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baevolose Tolerance.

Table LXXX

Subject CUE'.

¥ene?juncturg:
Time (lain)

Blood Laevulose;
(rag/lOOnl.)

Blood Dextrose a

(mg/lQOml,)

Eosinophil counti
(cells/mm^)

14th November 1951

1 2 3 4 5
0 30 60 90 120

0 8.0 8.0 0.5 0.5

72 83 70 69 67

343 159 112 78 62

TEglS.
Lee d. White time;

(rain)

in Glass: small tubesMass
(nin)

large tubes

Quick's prothrombin time:

mean

13
16|-
io|
Hi

15
16
15
insf

18
l6i
15|
insf

i6i
Hi
H
14

15
16
15
13

17
16|-
m
16|

14.2 15.0 16.7

*i
8i

8
8

ioi
8

7
ioi

ioi
ioi %

8.6 9.2 9.5

20.5
20.5
20.8
23.0
23.8

21*4
21.0
21.3
22.2
23.3

20.5
21.3
21,5
22.7
923.4

21.7 21.8 22.1

£

I
<t>

I
I
<D
a

0
a

1
$

|

!§

21.9
21.6
22.4
21.9
23.5

17
16

53
15i
164-
18
m

16.7

11
11|

10.2

21.5
21.6
21.4
21.3
.2

%issing reading estimated by iterative method given by
Snedecor
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Laevulose Tolerance

Table LXXXI

Subject J.S.

Venepuncture:
Time (min7~

Blood Laevulose:

1
0

osc

I,rag/i00ml7)
Blood Penrose:

(mg/lOOial.)

Eosinophil count:
(Cell3/EE3J)

Platelet count:

(ISr cells/mar)

85

93

4H

GLOTTIHG TESTS.
Lee & White tine;
in Silicone: small tubes 18£

(min) 22|-
18
25

large tubes 20
19^
24
21&

in Glass:
{zain)

Quick's prothrombin times
Concentrated brain;

(sec)

= 21.1

small tubes 83,-
10

large tubes 12§-
i3i

11.1

28.0
27.8
31.0
32.5
30.0

mean = 29.9

2 3 4 5
30 60 90 120

6.0 2.7 2.9 1.0

124 103 92 85

53 47 44 44

420 424 as a2

20 24 21 19k
25 20 25 1H
25 19 20& m
191- 21 insf 19k

21 23 25 15-k
20 24a" 18£
25 22* 20|- 18-|
21 25a insf insf

22.1 22.4 21.8 19.3

3i ®k 9 10*
1C>£ 9 9 10k

11 12 12 12
9 12^ 12 12

9.7 10.5 10.5 11.3

28.8 28.9 26.9 28.1
28.1 29.1 27.6 29.5
27.5 28.0 28,3 30.9
27.8 29.7 30.6 30.1
30.1 30.6 30.2 31.4

28.5 29.3 28.7 30.0
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Table LXXHI

Subject W.L.

Ven^mqctyre:
Time (tain)

Blood La^vulose:
(mg/10Qml.)

Blood Dextrose?
(mg/lOOml.)

Laevulosc Tolerance.

16th November 1951

1 2 3 4 5
0 30 60 90 120

0 6.8 4.1 2.6 0.7

Platelet count:

(l()3 cells/nin3)
CLOTTING TESTS.

89 103 85 85 78

100 97 93 81 84

508 502 514 510 506

in Silicone:
(rain)

small tubes 16*
19
22*
24

20*
21
17*
21

21*
19k
I9i
insf

19
19
17*
19*

large tubes 19
19
18*
16*

18
17*
17
insf

17
15
15
15

1%
16*
18
18*

mean » 19.4 18.8 17.8 18.3

in Glass:
(rain)

small tubes 10
11

9*
9

10*
8 'S

large tubes 10
13£

9
8

12
10* a

mean = 11.1 8.9 10.2 12.4

04#prothrombin

&

A
©

I-p
t>

©

nJ
a
©
rO

01

I

i
3

Concentrated brain:
(sec)

i 23.9 21.5 24.8 22.4 22.9
23.9 24.1 24.0 22.7 23.3
24.3 22.7 26.5 23.4 22,1
24.5 25.7 25.5 25.0 23.0
27.0 25.0 25.2 26.4 25.1

mean = 24.7 23.8 25.2 24.0 23.3
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JMs. iffliJ

Laevulose Tolerance.

Sub.i ect A.MoN.

Yffl^pimetuyet
Time (rain)

B^ood Lagvulpsq:
(mg/lOQml.)

B^ood Dextrose;
(mg/lOOral.J

Eosinophil count:
(cells/mm3)

Platelet count:

(103 cells/ram^)
CLOTTING TESTS,

bee ft Wh^te time;
4£2Sei(rain)

in Glass;
(rain)

Quick's orothrombin time?
Concentrated brain;

(sec)

mean

1 2 3 4 5
0 30 60 90 120

0 5.5 5.5 1.5 0,0

71 74 74 73 71

12 19 19 12 9

433 428 432 496 432

1% 18# 14# 21# 2.5#
19 13# 18# 16# 14#
22 21# 20# 18} 16#
21 15 22 17 15#

17# 20 18 18# 18
17# 21 16 18# 13#
U| 16# 17# 12# 16
m insf 22 14 15#

18.3 18.7 18.7 17.1 15.6

12# 11# 11| lOf- 12
lit 11# 10 io| 13#

11# u 13 11# 12#
13t 12 13# 12# 12

12*4 12.1 12.1 11.3 12.4

17.0 17.1 17.0 16.7 16.1
17.2 17.7 18.3 17.1 17.0
17.2 17.7 18.2 17.6 17.4
17,9 18.6 19.5 17.8 17.3
18,5 19.0 19.5 17.6 17.9

17.6 18.0 18.5 17.4 17.1
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Laevuloae Tolerance.

Subjget W.A.

IsMastyrgi
3 (inin)

Bipod Laevu^ose:
(mg/10Qml.)

B^ood Penrose:
(mg/lOOml.)

Ifoainophil coimt:
(cellsyrrmi-5)

et count:
103 eells/ram3)

CLOTTING TESTS,

frep % White
in Silicones small tubes
"""

W(rnin)

large tubes

ML

tick's prothrombin time:
Concentrated braint

(sec)

22nd November 1951

1 2 3 4 5
0 30 60 90 120

0. 0 7.0 7.0 5.0 4.5

69 74. 78 78 69

44 56 56 53 44

464 460 462 452 454

20
m
19k
18

16|-
Mi
14
insf

i5i
16
16|
16

H
15i
15
insf

16
I3i
insf
insf

16|
14i
17
18i

Hi
15k
15
insf

15i

i4|
131
13

m 13^15i
17.7 15.0 15.6 14.1 14.3

10f
lot

10f
lot M 10t

insf
9f
9t

Sf 10
lli

lli
lli

lli
insf nl

11.6 10.7 10.2 U.l 10.0

17.5 .18.2 20.5 19.6 16.6
18.1 18.2 21.4 19.2 16.4
18.1 18.8 23.0 21.4 16.8
18.8 19.9 23.9 21.3 16.8
17.9 20.3 23.2 21.9 18.7

18.1 19.1 22.4 20.7 17.1
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haevulose Tolerance.

Table LXXXV

Subject J.W. 27th iloveraber 1951

Veneouncture:
Time (min)

1
0

2
30

3
60

4
90

5
120

Blood Laevulose:
(mg/lOOml.)

0 5.3 5.3 1.0 0

Blood Dextrose:
(mg/100ml.)

81 98 101 78 76

Eosinophil count; .

(cells/mm-')
530 465 421 381 334

Platelet count!
(K>3 ceHs/mm3)

516 512 506 508 512

CLOTTING TESTS.
Lee & White times
In Silicone: small tubes 23

(rain) 26
27i
27

large tubes 14
20
22

mean = 22

in Glass: small tubes 10i
(min) Hi

large tubes 9f
Hi

mean « 10.6

quick's prothrombin time:
Concentrated brain:"20.1

(sec) 20.8
20*4
20.9
20.7

17
17i
23
19

i&h
U

19
19i
H
insf

16
Ui
14
16£

17.6 16.3

lli
id
12i
Hi

H
ioi

12i
14

-p

£

1
a
©
a

©

8

|
8

I6i
16-J
insf
insf

I64
12
insf
insf

15.3

Hi
ioi

13
12-1"

12.2 12.8
0
Si 11.9

*20.0 19.5 20.0 19.5
20.0 20.2 20.2 20.3
20.4 20.1 20.4 19.8
20.1 21.1 19.8 20.0
20.6 20.7 20.0 20.1

20.2 20.3 20.1 19.9

%2Lssing readings estimated by the iterative method
given by Snedecor
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Laevulose Tolerance.

Table MVj
Subject B.B. 28th November 195X

Venepuncture:
Time (rain)

1
0

2
30

3
60

4
90

5
120

Blood Laevulose:
(iag/100ml.)

0 4.5 7.0 6.5 0,0

Blood Dextrose:
(lag/lOOml.)

117 256 226 117 96

Eosinophil count:
(cells/mm*')

234 209 172 181 147

Platelet count:
(10^ cells/mm^)

504 (n.d.) 498 502 492

CLOTTpiG TEftTS.
Lee & White time? ^

in Silicone: small tubes 15 is 14§~ life 13
(rain) 20 ■§ 16 insf 13

19 «£?, 15 insf U
12-|- © 15§- insf insf

large tubes 17£ "g 1>|- 14 12§-
21 g 16£ 14 13-1-
18-J- §• insf H 14
12§- g insf U 13

>

mean = 17.0 | 15.I U.3 13.3
o

in Glass; small tubes 9f J lOf 12|- 10|-
(min) ll| m 10£ 10 IQfe

large tubes 12i 13i 111 10l
12i | 101 10i 8f

mean = 11.4

Quick's prothrombin time;
Concentrated brain: 16.6

(sec) 16,1
17.1
,17.5
u3

0
■ 11.2 11.1 10.1

16,9 15.4 16.2 16.4
16.9 16,3 16.9 18,0
17.8 17.5 18.1 17.8
17.6 17.5 18.0 17.8
17.8 18.5 17,8 18.3

17.4 17.0 17.4 17.7

^Missing reading estimated by iterative method given by
Snedecor

n.d. = not done
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Table LXXXVII

Subject S.G.

Laeygloae Tolerance.

4th December 1951

Venenuncture:
Time (min)

1
0

2
30'

3
60

4
90

5
120

Blood Laevulose:
(mg/lOOml.)

0 1.3 4.5 1.8 0.0

Blood Dextrose:
(mg/'lOOml.)

69 85 78 73 78

Eosinophil count:
(cells/mm-')

140 156 125 131 122

Platelet count: 310 316 308 347 316
(103 cells/ms^)

CLOTTING TESTS.
Lee & White time:
la Silicone: aiaall

(rain)

large

tubes 39k

i9i
39

tubes 23l
25k
30
26

mean = 23.6 24»0 22.0

iS_Glasss
(min)

small tubes 11
12£

13|
12f

12

15k

•p

1
I
o

a
I
£
<a

I
I

large tubes

(.fciqk's prothrombin time;
Concentrated byain:

(sec)

25k
22k
22
insf

21
25
26
25

23.3

12l
12

13k
Hi

Hi
llf

131
121

§>

2
o

3

12-1
16}

13.0 13.2 14.6 13-3

15.6 15.6 15.4 15.9 15.0
15.1 14.9 15.6 16.0 15.9
16.0 14.7 16*4 15.2 15.3
16.3 15.3 15.6 15.7 15.7
15.6 15.1 16.7 15.4 16.6

15.7 15.1 15.9 15.6 15.7
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Laevulose Tolerance.

Table LXXXVIII

Subject F.McP. 5th December 1951

Venepuncturei
lime (rain)

1
0

2
30

3
60

4
90

5
120

Blood Laevulose:
(mg/lOOml.)

0 6,0 5.3 4.8 0

Blood Dextrose:
(mg/lOOmi.;

62 75 80 66 58

Eosinophil count:
(cells/mm-5)

112 115 112 100 87

Platelet counts 360 352 358 356 358

SLOTTING TESTS.

in Silicones
(mill)

small tubes 24i
22"
22

16§-
12|
19o
17

16
lOgr
13
13

14
15k
12f
insf

15k
12k
15
12f

large tubes 22k
i7i
15i
17

31k
I60-
18f
insf

13
19k
18
15

i6f
19k
insf

18*

ld
13f

mean = 20.5 17.6 14.8 15.4 15.3

in Glass:
(min)

small tubes 8i
10

9f
9k

11|
10

ioi
io£

llf
10|

large tubes 11
9k

9k
loj

10
11

10i
ii| 10|

mean » 9.8 9.8 10.7 10.6 11.1

.Quick'p prothrombin tine:
Concentrated brain: 15.8 17.3 18.0 15.7 16.4

(sec) 15.6 15.8 17.9 17.1 17.4
16.1 15.2 16.6 15.4 16,8
15.9 15.9 16.9 16.2 16.7
%6.5 15.5 17.0 15.1 ®L5.6

mean ;■ 16.0 15.9 17.3 15.9 16.6

®Missing reading estimated by iterative method given by
Snedecor



- 372 -
Dextrose Tolerance.

Table LXXXIX

ffibject D.W« £5£kJfe2JL251

Venepuncture s

Time (min)
1 2 3 4 5
0 30 60 90 120

131 152 199 166 101

3

Blood Dextroses

(iag/10Qmi.)
CLSTTING TESTS.
Lee & White time:
in Silicone: small tubes 18g- 16f 24

(min) 23 /„ \ 14 rn A \ H
20 (n,d#) 16 (n,d,) 15f
23 insf 13i

mean * 21.1 15.6 17.3

in Glais; small tubes lOf 10 12§-

1% <**•> &
lli lit 10

m§an ® 10.9 12.1 12.0

Heparin resistance test: (1) 16|- 13fr II-4
Mi 14 14i

clotting time in
min for heparin (2) 13i 11 insf
concentrations 1ftfe 14? 14i
(1) to (4.) (n.d.) (n.d.)

(3) Uf M Hi
H 13* 13i

(4) 16k lli 13i
11| 13i 13

Quick's prothrombin timet
Concentrated brain: 15.4- 15.6 15.3

(sec) 15.5 15.7 14.4

W'l(n-d-) (n-d-) ^15.8 16.3 14-.7
15.6 16.3 14.4
16.3 16,3 14.6

mean = 1$.7 16.1 H.7

Thrombin dotting time: 15.3 14.8 L4.1
16.2 15.9 14.1
15.5 (n.d.) 15»1 (n.d.) 13.4-
15.6 16.5 13.3
17.2 16.5 14.4
19.8 16.6 13.6

mean - 16.6 15.9 13.8

n.d. = not done
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labia W
Subject O.W. 25th May 1951

y^nepuacturei
TJjne (mill)

ftLgod Deytrose;
(ag/lOOml.)

1 2 3 4 5
0 30 60 90 120

92 172 217 221 152

CLCTTIHQ TESTS.
Lee ?r, White time»
in Silicone; small tubes 19 13a 16a
^ (n.d.) (n.d.) gf

19a 15f insf

= 22*0 1^*2 J-4.6

in Glass i small tubes 13k Hi

g, (n.d.) ^ (n.d.) g?I2I 12 10-1
mean = 12.1 11.3 10.8

Heparin resistance test:(l) 15 insf 13k
9i insf insf

clotting time in
min for heparin (2) 15i 13i 12^
concentrations ll|r 13i M
(1) to (4) (n.d.) (n.d.)

(3) ll£ Mi 13
10§- 13k 12

(4) io£ 111
ll£ ll|

Quick's prothrombin time:
Concentrated brain; 15.4 M*9 15.0

(sec) 15.7 15.5 16.4

it! <-•*•> i£l <■>•*•> ill
15.8 U.9 M.4
15.2 15.1 U.8

mean = 15.3 15.1 15.0

Thrombin clotting time: 13.6 15.0
(sec) 15.2 9 14.6

(n.d.) J (n.d.) *5*3
M.6 o. 13.9
15.0 . M.7
15.8 a 15.3

fi

mean = M.7 M.9
■»

n.d. = not done



- 374 - Dextrose Tolerance.

Table XCI

MjesVls£.

Venepuncture:
Tiiae (idn) "

Blood Dextrose*
(ing/lOOffil.)

Platelet count:
(1CP cells/mm^)

CLOTTING TESTS.
Lee & White time:
in Silicone: small tubes

(min)

19th June 1951

1 2 3 4 5
0 30 60 90 120

109 135 133 96 87

440 (n.d.) 434 (n.d.) 424

TS

.8
to ,Q
S«

12#
14
18#
21k

uk
ut
17
18

in Glass:
(min)

mean =

small tubes 9k
8#
9
9k

(n.d.)

16.6

H
8

7k
insf

(n.d.)

16.0

Si
11
11
11

mean 9.1

Heparin resistance testi(l) 12
15

elotiing time in
ain for heparin (2) 11
concentrations 12
(1) to (4)

(3) 12
ioi

(4) 7-k
91

..uick' s prothrombin time:
Concentrated brain: 15.0

(sec) 15«2
15*2
15a
15.9
15.3

(n.d.)

(n.d.)

7.9

16
15#

Sf
9

%
n

9k
8

15.4
15.4
15.4
15.2
15.6
15.3

(n.d.)

(n.d.)

10.3

16
16

9i
13

9i
9

3f4

15.2
14.9
15.4
14.5
15.1
14.7

mean = 15.3

Thrombin clotting time:
(seo)

17.2
.317.3

18.7
20.9

15.4

17.6
18.7
18.8
22,2
20.0
16.0

(n.d.)

15.0

17.0
17.3
16.6
18.3
17.4
17.7

mas = 18.5 18.9 17.4
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aable aOXI

Subject J»W«

Veneminctiire:
Txisie (Bin)

Blood Dextrose:
(mg/lOCtal.)

Platelet counti

(103 cells/inm3)

tests.
Quick's prothrombin timei

Concentrated brain:
(sec)

to
■~s

03

2

Dexuru^o Tolerance.

?qne 1?51

1 2 3 4 5
0 30 60 90 120

96 U9 96 89 92

434 (n.d.) 442 (n.d.) 434

1
a

§
$
<0

cJ
o

a

(n.d.)

U.8
U.5
13.9
U.8
U»8
U.l

(n.d.)

mean = U»5

(n.d.)

13.8
H.3
14.3
14.2
U.9
U.7

= 14.4

(n.d.)

13.9
U.6
U.2
U.5
14.5
U.7

U*4

15.5
15.4
U.6
15.2
16.7
15.8

15.5

n.d. - not done



- 376 - Dextrose Tolerance*

Table XCIII

11th August 1951

1 2 3 4 5
0 30 60 90 120

117 147 127 39 33

Ssneaunctoss
Time (rain)

Blood Dextrose:
(rag/lQOml.)

<aomw ngg»
Lee & White times
in Silicone: small tubes 23k 17 19

^. (n.A. \ 21^
23a" (n*d-) 20k (n*d° insf
2l| 18 18

mean = 21.0 18.1 19.4-

in Glass: small tubes 13 llf 11
(rain) 12± 11 11

ll|- insf 11
12 12i 12

mean = 12.2 - 11.7 11.3

Heparin resist nee testr(1) 25 27 27i
insf 32 24i

clotting time in
min for heparin (2) 24# 23i 25k
concentrations 31 25 27i
(1) to (4) (n.d.) (n.d.)

(3) 21 25k 21*
23* 23 22*

(4) 18 19 20k
20 18 21*

flick's prothrombin time:
Goncentrateci brains 16.9 17.6 18.8

(sec) 17.0 18.5 19.4

id <*«•> id <n-a-> ll\l
13.2 19.2 20,7
13.5 19.9 21.5

mean = 17.8 19.0 20.0

ThFOTfrto 22*7 23.7 24.2
(sec) 23.9 25.3 26.1

26.0 28.1 25.0
28.3 28.3 27.1
27.6 28.0 29.3
30.0 31.1 35.0

niB&H -s 26*4- 27*4- 27#8

n.d* = not done



- 377 -

moon

Venepuncture;
jiime (min)

filoou Derbrose:
(mg/lOQrol.)

CLOTTING X;E3TS.
Lee & White time a

Dextrose Tolerance.

23rd Au,crust 1951

(min)

1 2 3 4 5
0 30 60 90 120

77 117 67 68 63

13 10 16
15 (n.d.) io! (n.d.) 19
13 10 I9i
Ui insf 16!

in Glass:
pan#

mean = 13*3

small tubes &!
8
7
8!

mean = 8.0
T, HITH - w

Heparin resistance teat:(1) 57
42

clotting time in
min for heparin (2) 39
concentrations 46
(1) to (4)

(3) 26|
28

(4) 25
Insf

Quick's prothrombin time:
Concentrated brains 19*9

(sec) 21.2
21.7
21.2
21.5
22.5

mean = 21.3

Thrombin clotting time:
(sec)

18.4
19.6
20.3
20.2
20.4
20.3

mean = 19.9

(n.d.)

10.3

7!

?:« 4:
insf

7.5

(n.d.)

(n.d.)

73

1
a
B

(n.d.)

(n.d.)

(n.d.)

20.5
20.3
22.1
21.5
21.8
23.6

21.6

16.2
17.1
16.4
17.8
18.8
19.7

17.7

(n.d.)

(n.d.)

17.8

9f10J
9
9

9.6

36
insf

33
35

24
31

17
22f

19.9
20.9
20.9
22.2
21,5
23.2

21.4

17.7
18.5
18.6
18.3
a20'5
19.5

18.9

Missing reading estimated by iterative method given by
Snedecor



Subject T.K.fc)

Venepunctures
Time (min)

Total Leucocyte count;
(cells/mm3)

- 378 -
Dextrose Tolerance.

XeftHM

4th September 1951

1
0

2
30

3 4 5
60 90 120

4900 (nd) 5000 (nd) 4900

Neutrophil Polymorph counts 3150 (nd)
(cells/mm-*)

Lymphocyte count;
(cells/mm^)

B2,ood Dextrose:
(mg/lOQml.)

1000 (nd)

84 114.

CLOTTING TESTS.
Lee Si White time;
in Silicone: small tubes 13

13k (n.d.)
insf

An Glasy:(mini

mean = 13*3

small tubes 9
7
9
insf

(n*d.)

= 8.5

Heparin resistance test:(l) 30
25

clotting time in
min for heparin (2) 18
concentrations insf
(1) to (4)

(3) 24
25k

(n.d.)

(4) 20k
m

Quick's prothrombin time:
Concentrated brain;

(sec)
20,4
19.3
20.1
20.2
21.1
20.4

(n.d.)

3250 (nd) 3450

1400 (nd) 1250

78 57 57

154-
,14|- (n.d.)

Hi

14*8

11
10k

n

10.1

33
31

35
34-2-

214-
22

17
27

20.7
20.4
19.2
20.5
21.0
21.8

(n.d.)

(n.d.)

(n.d.)

I7f
17
18|-

17.8

9-h
%

8.8

28
insf

25i-
204

174-
19;

19i-
m

19.4
19.7
20.1
20.0
21.2
21.1

mean = 20.3 20.6 20.3



- 379
Dextrose Tolerance

my cont'd

Subject I.g.f2) (cont'd)

1 2 3 4 5

Thrombin clotting time: 21.8 22.2 21.4
(see) 23.4 21.5 21.4

23.2
(n.d.)

22.0
(n.d.)

22.2
23.3 21.9 22.2
23.5 22.8 22.3
23.2 23.2 23.1

taeaa » 23*1 22.3 22.1



380 -
')• -U-ruse Tolerance.

Table XCVI

Subject T.C.

Venepuncture:
Time (tain)

Blood Dextrose:
(mg/lOOml.)

CLOTTIi'IG TESTS.
* White timet

la Silicone: small tubes 23
(min) 22

24
(n.d*)

October 1911

1 2 3 4 5
0 30 60 90 120

101 167 129 108 90

19k
21

2ii
(n.d.) £

mean 23.0

4,n G3,ass;
(min) (n.d.)

small tubes 11-g-
13
11
14

mean = 12.4

Heparin resistance testi(l) 31
27

clotting time in
min for heparin (2) 23
concentrations 32
(1) to (4) (n.d.)

(3) 24i
23

(4) 21
22

Quick's prothrombin time:
Concentrated braint 18*2

(sec) 19.0
17.0
17.8
18.6
®L8.3

20.7

15
16
l&k
16

15.9

27
insf

22
25

22
24

21
21

19.2
18.3
17.4
17.4
18.4
18.5

(n.d.)

(n.d.)

(n.d )

1-P

I©
i>

©
(a

0

JS
to

1
s©
u

18.7
18.5
17.7
18.0
18.2
19.0

Thrombin cXottflng tingi

mean = 18.2

„ igi 16.5
(sec) 17.7

17.0
16.9
18.8
18.9

(n.d.)

18.2

16.0
16.0
17.4
17.6
16.2
18.0

(n.d.)

18.4

16.4
16.3
16.8
18.0
17.2
18.1

mean » 17.6 16.9 17.2

9 Missing reading estimated by iterative method given by
Snedecor

n.d. = not done
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Table XOVII

Dextrose Tolerance.

Subject A.M.

Ywppqture:
Time (min)

Blood Dextroses
(mg/lOOml.)

Eosinophil count;
(cells/mm-*)

Platelet count;

(l()3 cells/mm-^)
CLOTTING TESTS.

ft »ft4te tine:
dlicone-
(Mn)

in Glassi small tubesUL^s
(rain)

Cj^ic^'p ;rottffoisp;Ln time;
Concentrated brain;

(sec)

1 2 3 A 5
0 30 60 90 120

83 110 103 92 85

209 215 162 193 150

482 478 476 476 478

u# 16 13k 18 18
uk 16 13k 18 17
u 16# 14 18# 16#
14# 16 13# 18 15

13# 16 12# 17# 14#
13# 16 13 17 13
u 16 12# 16 16#
14 16 12 16# i4
14.1 16.1 13.2 17.4 15.9

9 11 11 11# 10#
9# 9k 3# 11 11

11 Ilk 11 12 10
io# 11# 10# 12# 13

10.0 10.9 10.3 11.8 11.1

18.5 19.1 18.7 19.2 19.3
17.8 19.1 19.5 19.1 19.3
19.1 19.5 19.6 20.6 19.8
19.7 20.0 19.8 20.8 20.4
20.4. 21.3 20.7 20.8 20.8

19.1 19.8 19.7 20.1 19.9
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1>Uo XCIX

gpb.jsct BfK.

Vex^ctiue:
Time (mini

P1994 Pe^rope;
(mg/lOOml»}

tt9*4»9P-Ml
(c

count t

cells/miii3)
Platelet count;
(HP cells/2™ )

CLOTTING Tffi'PS.
frqe & bfrits timei

203

442

in Silicone; small tubes 29
(min)

in Glai
(min)

3SS

30
25
insf

large tubes 25
1#i4
21

mean = 24.4

small tubes 13*
12

large tubes 15
16*

mean = 14..2

Quick's prothrombin timet
Concentrated brain;

(sec)
17.5
18.5
13.7
19.6
20.0

Dextrose Tolerance,

Wft November 1951

1 2 3 4 5
0 30 60 90 120

91 117 110 76 71

174 100 100 115

444 434 436 433

19 13i 18
13* 14 19
14a 14 21
16* 14 20*

15* 14 17*
15k ui 16*
17" 12 18
insf 12* 18

15.9 13.5 18,5

ioi 111 11*
10 10* 8*

10 11* 12*
10k 10 12*

10.3 10,8 11.3

<D >—"N

I*1a)
a
t>

©

1
I
&

o
u

J§

18,6 18.4 17.9 17.9
19.4 18.2 18,6 19.7
19.6 19.5 18.9 20.0
19.8 22.3 19.4 20.2
21.2 20.6 19,8 21.3

19.7 19.8 18.9 19.8



- 384

Table C

1
0

o9

62

286

In Silicone: small tubes 27i
(mln) 17

l6[f
17#

large tubes 20i
20
22k
20

mean = 20.2

in Glass: small tubes 15*
(min) 13$

large tubes 12\V
m

mean = 13.7

Quick's prothrombin timet
Concentrated brain: 11.5

(sec) 11,8
11.8
12.6
12.8

mean = 12.1

Dextrose Tolerance.

6th December 1951

2
30

3
60

4
90

5
120

96 64 60 60

50 52 59 56

290 284 286 284

22
20
19k
26k

21
29
29
14

18
22
19
18i

i^i
20

22i
Hi

25k
21k
22
insf

17
Hi
24i
18

21
21
18

21-i

16
Hi
Hi
insf

22.5 20.9 19.9 16.6

ni
insf

12
12f

12i
13$

10

13i

ioi
13

12
9

13k
13i lM

11.7 11.4 13.2 12.4

12.4
12.1
12.2
12.9
13.6

12.4
12,6
12.9
12.9
13.6

11.8
12.2
11.8
12.8
12.4

11.7
11.8
11.8
11.7
12.4

12.6 12.9 12.2 11.9

gub.ject AflB.

Venepuncture t

Time (min)

Blood Dextrose:
(mg/103ml.)

Eosinophil countt.
(cells/mm-5)

Platelet count:

(103 cells/mrn3)

CLOTTiafl TE8TB.
Lee & White time;



- 385 -
Dextrose Tolerance.

wlslm

Sub.iect A.R. Magyary 1^2

Venepuncture;
ffime (mln)

Blood Dextrose:
(mg/lOCtal.)

I

Eosinophil count:
(cells/urn^)

1 2 3 4 5
0 30 60 90 120

78 122 135 124 74

197 (n.d.) 222 (n.d.) 212

CLOTTIHG TESTS.

& White time;
in Silicone: small tubes3ili

Smin)

large tubes

13*
20,
24*
20*

20*
19
20*
20*

mean = 20.5

in Glass? small tubes 18
(min) 18

>»
•p

I
+3
o

Hi
0

g1

13

19*
i7i
21*

19
19*
21
17

19.1

16*
17

£

o

+3
B

a

I

23|
20*
26*
26*

24*
19i
19f
23*

23.0

13*
134

large tubes IS
13

ean = 18.0

Quick's pr-otlirombin time:
Concentrated brain:

(sec)
13.3
13.8
14.3
14.6
14.6
16.2

B

.8
oa
Bp
S3
•H

O
a

17
16

16.6

13.2
13.5
13.7
13.5
14*4
14.9

©

1
O
©
X3

R
tsD
G

i
s

13*
14*

13.7

13.6
13.6
13.2
13.6
14.4
15.0

mean = 14*6 13.9 13.9

n.d. = not done
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Dextrose Tolerance.

Tabio CII

Subject a.C.

Venepunctures
Time (min)

Blood Dextrose:
(mg/lOOral.)

Eosinophil count:
(cells/mm-5)

PWEffNO Tests.
prothrombin time:
Concentrated

29th January 1952

1 2 3 4 5
0 30 60 90 120

82 96 100 89 87

165 (n.d.) 168 (n.d.) (n.d.)

1 15.6
15.4
16.0
15.3
16.3
16.2

(n.d.)

15.7
15.6
16.2
15.6
16.3
16.0

(n.d.)

15.7
15.4
15.9
16.5
16.7
17.5

mean = 15.8 15.9 16.3

n.d. = not done



- 387 -

ms cm

Subject M«L.(2)

Dextrose Tolerance.

19th February 1952

IffipmteJ
Time (min)

1
0

2

30
3

60
4
90

5
120

Blood Dextrose*
(mg/lOOral.)

71 142 131 85 60

Eosinoohil count:
(cells/mm3)

168 175 181 175 178

Platelet count:

(103 cells/mm3)
256 268 268 258 264

CLd TING TESTS.

^ee & White time:
in Silicone: small tubes

(rain)
Uk
131id
m

15t13|
15
I3i

12

3
insf

1C%
12x

io|
loj-

1(>2
10|
12

12i

large tubes 12
12f
12i
i2i

12
13
12|
14

3
12
i2i

m
9fiof

11
I2i
ioi
11i

mean = 12.9 13.6 12.0 10.9 11.3

in Glass: small tubes
(min)

ioi
10

9f
94

H
H

n
n

8

n

large tubes IO5
111

11

lo£
10
n

11
lo£

10i
io|

mean = 10.4 10.3 8.9 10.3 9.1

Quick1s prothrombin Time:
Concentrated brain:

(sec)
15.2
16.1
16.1
16.5
17.3

15.6
16.1
16.2
16.2
17.4

16.1
16.4
16.9
17.1
17.6

15.5
16.4
16.3
17.6
17.4

15.9
15.5
16.4
15.4
17.2

mean = 16.2 16.3 16.8 I6.4 16.1



- 383 - Dertrose Tolerance

MLrCTY
Subject R.S.(1)

Venepuncture:
(min)

26th February 1952

Blood Penrose*
(mg/lOOml.)

Eosinophil counts
(cells/jam-7)

Platelet count;
(10^ cells/mm3)

1 2 3 4 5
0 30 60 90 120

85 138 145 103 81

178 (n.d.) (n.d.) (n.d.) 187

322 (n.d*) (n.d.) (n.d.) 326

CLOTTING TESTS*
Lee & White time:
in Silicone* small tubes

(min)

large tubes

in Glass?
(min)

Uk
m
i6|
1

13
I4i
14.4
17|

mean

small tubes

large tubes

Uf
ioi

15
lit

12

12i
m
12f

Ui3
12*
12t

15.6 12.7

Hi
io£

i2i
11

■si
g<2
<u
£

i
o

o

01
ta

o>
8=4
•p

I 3g£
O.

fi

>

<D

■
H■
rQ

03
':0

KJ
i
f-!

12

13
12f
12

H
16
12
11|

12.9

Hi
12

15
13i

mean = 12.2 11.3

Uuick's prothrombin time:
Cpqcentratgd brain t 19.2

18.2
18.0
18.2
18.9
18.3

(n.d.)

19.2
19.4
17.9
I8.4
18.9
16.6

(n.d.)

12.9

18.5
13.9
18.5
18.7
I0.4
18.1

mean = 18.5 18.4 18.5

n.d. = not done
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Dextrose Tolerance

32£&g cv-
SubJect R» u.

Venepuncture:
(nin;

Bi
(mg/100ml.,

Eosinophil count:
(cells/mm^)

Platelet count:
(1Q3 cells/W?)

CLOTTIKG TEST3.
Lee a nhjte tests:
in Silicone: small tubessilicone:

(min)

large tubes

In Glass:
(n(min)

small tubes

large tubes

o
V
&

to
•"3
a

I
3
£
o
25

quick's prothrombin time:
Concentrated brain; 17.9

TsecJ 17.4
16.6
17.0
16.6
17.3

26th February 1952

1 2 3 4 5
0 30 60 90 120

81 117 88 74 63

187 (n.d.) (n.d.) (n.d.) 200

328 (n.d.) (n.d.) (n.d.) 334

$
o
fl

£
o

(n.d.)

Ui
m
144
13|

I6f
Uf

(n.d.)

mean = U«5

(n.d.)

llf
io£

13
12|

= 11.9

Its.2
17.7

(n.d.)

17.4
17.0
17.3

13f-
13
I2i
16

nfUi
13.5

12
11£

ill

11.9

18,0
18.0

(n.d.) (u. d.) £•«17.3
17.1
17.2

mean = 17.1 17.5 17.7
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Dextrose Tolerance.

Mat m

Sifoject R,S,(2) Ath March 1952

Venepuncturet
'i'ime (mln)

1
0

2
30

3
60

A
90

5
120

^ood Dextrose;
(mg/lOOml. )

76 103 87 79 69

fippinophil count;
(cells/an-3)

190 (n.d.) 197 (n.d.) 200

Platelet count: 322 (n.d.) 336 (n.d.) 3A0
(103 cells/mm3)

CLOTTIHu TESTS.

in Silicone: small tubes
(rain)

18f
16|
17*4
15

lAi
17
13i
16|-

16
3y6f
lA#
i7| !.<S

18
16
20
insf

large tubes I6t
17
15.;
17

$
17#
18

21
15i
20
22

j
0

1Q*
w

21
111
17
17#

mean « 16.7 16.0 17.9
s
> 18.2

in Glass: small tubes
(min) 12f

12#
12

11#
12#iaI 0

&

§5

12#
11

large tubes 15f
I5i u 13f

131
12#
13#

mean = 1A.2 13.A 13.6 |I
B
?-4

12.A

CannorW'iendenhall time:
(min)

23 21 20 16#

Quick's prothrombin tirae:

(sec)

3510cl-fl
WlM.ui «■■ l ■

n.d. = not done

16.A 16.6 17.9 17.5 17.A
16.2 16.6 17.5 17.9 17.0
16.3 16.8 17.1 17.A 17.7
16.1 16.5 17.0 17.3 16.9
16,8 16.2 17.3 17.A 17.3

16.A 16.5 17.A 17.5 17.3

i
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Penrose Tolerance.

Table CVII

lgfrh :,urch 19^2

Veneouncturei
Time (min)

1
0

CM
0

3
60

4
90

5
120

Blood DextroseJ
(mg/lOOml.)

82 89 78 73 67

CLOTTING TEST8.

in Silicone: small tubes
(min)

15f
1#
us
15

15
15
15
insf

15
14j
15
15

17t
17|
20|
insf

16
16
insf
insf

large tubes 15
insf
inaf

15
15
insf

17
16
insf

20
2li-
i4

201
16-|
insf

mean = 15.0 15.0 15*7 18.9 17.4

in Glass: small tubes
(min)

10
insf

9f
9

9
insf s 9

IO-4

large tubes 12k
insf

11|
insf

11

9k
12i
ll|

12£
insf

mean = 11.3 10,6 9.6 10.7 11.1

Cannon-ibendonhall time: 21a" 19 16k 19 19f

Quick's prothx-ombia times

'(sec)

1sec)

17.1 14.3 15.6 17.1 17.5
U.7 17,9 16.0 18.0 17.9
17.7 15.8 17.6 18.1 17.3
16.8 18.0 17.7 18.1 16.9
17.3 17.8 17.2 17.6 17.9

16.8 16.9 16.8 17.8 17.5

104 87 85 85 98
91 93 88 83 97
114 116 117 112 127
127 117 122 120 129
128 130 120 121 125

113 109 106 104 115
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gerkrose Tolerance»

Subject A.G.

VeKepucctpre:
Tine (min)

Blood Dextrose;
[mgTlOOial. J

Eog.xnoph.il count : n
(cells/ma)

Platelet count:
(1q3 cells/mi?)

18th March 1952

1 2 3 4 5
0 30 60 90 120

82 131 122 92 67

175 168 168 (n.d.) 172

314 306 304 306 308

smsmjMm*
Lee & White time:

es small tubes 13il
ininT

in Glass:
(min)

large tubes 12|
14

mean = 13.4

small tubes 8
insf

large tubes 12
insf

Oarnion~Mendenha.il time:
~TO

Quick's prothrombin time:
Concentrated brain;

(sec)

13
13
16
insf

13
17$
15:/
Ui

14.6

9
9i

15
14$

+5

1
0

1
o

Oh
C
S3

£

o
©
XI

UJ
uo

.3

1Zk
15-1
12i
io|
12|
I2rl
14s-
insf

13.0

s7t
1<%
312i

14
15k
12$
insf

16
17
insf
insf

15.3

9i
Ti¬

ll

11|

10.0 12.0
a

9.8 9.9

15 20 161- 20k 20

14.6 13.6 14.2 13.8 13.4
14.3 13.8 13.6 13.9 13.7
13.6 13.6 13.2 13.5 13.1
14.2 13.0 13.8 13.4 13.2
13.8 13.6 13.6 13.6 13.1

14.1 13.5 13.7 13.6 13.3

n.d. = not done



Subject J.K.

Venepuncture:
Time (min)

Blood Dextroset
(mg/lOGrrJL.)

Eosinophil count*
(cells/mm-')

Platelet count:
(1(P cells/ram^)

CLOTTING TESTS.
Lee & White time?
in Silicone: small tubes 11 174

(min) 15i 20
Ui 174
16 21

large tubes 10 14-
16 21
13k 17i
Ui 21

mean = 13.3 18.7

in Glass? small tubes 9| Ui
(min) 9 insf

large tube3 l6f 15k
ut in

mean = 12.6 14.6

Cannon-Mendenhall time: 19 24
(min)

Uuick's prothrombin tiime;
Concentrated brains 15.9 16.0

(sec)" 15.8 15.5
15.8 15.7

mean = 15.8 15.7

Dilute brain; 109 103
(secj 105 107

107 105

mean - 107 105
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Table CIX

1 2
0 30

71 107

178 159

328 300

Dextrose Tolerance^.
R

20th March 1952

3
60

4
90

5
120

135 82 64

156 153 159

300 302 310

15
16*
17
17f

22k
15
13k
20f

14i
ui
18i
ui

15
18
17i
insf

21
20k
2li
20k

19
15
I6f
20k

16.7 19.6 16,6

n
12

Ui
ioi

13
194

12
12

17i
154

154
154

11.3 14.6 15.7

13k 27 20

15.8
15.6
15.4

15.9
15.8
insf

15.4
15.4
insf

15.6 15.9 15.4

95
103
112

113
121
insf

97
102
104

103 117 101



Dextrose Tolerance.

Subject J.K. (cont'd)

Thrombin clotting time: 16.6 16.3 17.4- _ 14-5
(sec) 10.6 11.0 10.4 | 10.3

10.8 11.8 10.3 § 10.7
10.1 insf 10.8 -h 10.0

mean = 12.0 13.0 12.2 Jj 11.3
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jVible CjC

Subject J.jr.

IsmmosisMs.*
Time (min)

B3,ood Dextrose:
(mg/lOOml.)

"osino;;hil count;
(cells/nasK)

Platelet count;

(iCp cells/mm-*)

Gj^2^_TESTS.
free & ifofrte time:
in silicone: sinal]

"™T5S7

in Glass:
(mini

mean =

small tubes

Cannon-Mendenhall time:
(min)

Quick's prothrombin time;
Concentrated brain;

(sec)

Dilute.

Dextrose Tolei'ance.

25th March 1952

1 2 3 4 5
0 30 60 90 120

89 131 14-5 167 153

203 212 200 187 178

340 (n«d.) 322 (n.d.) 332

11
11
11
lii

10

9f8%
10|
#t
9
9

11V
11
12
ni

9
10i
9
ID

9
9
10
10

n,3 "9.5 "9.4
9
9k

8
8^

7
7

St 1 10i
9

10.5 8.9 8.4

13 13 18

13*6
13.8
13.5
14.2

13.0
13.6
13.6
14.6

13.9
13.6
14.0
13.4

13.8 13.7 13.7

182
194
197

148
150
140

157
160
insf

191 146 159

03^

§£
11
|a
£
03
■

8
£>

W
So

03
U

t§

01
cS

I
M

158
169
164.

© V—->

■P H

td<$
§
>

o>

I
X>

ta
530

03

e
o
S3

12

3s
<a
8
H
P<
•

tH
ca
1

156
177
168

I64. 168
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ggateagg Mmaas*

Table CX cont'd

&»MS2L£iI* (cont'd)

XntanffftK*1 1 2 3 U 5

Throng cjotftipg tj,me:
(sec)

10.9
10.5
11.4-
11.5

11.0
10.7
11.0
insf

10.8
10.7
10.5
11.2

11.5
11.3
11.8
11.2

11.2
11.2
11.6
10.7

meai1 = 11.1 10,9 10.8 11.5 11.2

insf » insufficient plasma
n.d. = not done
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Infusions in man.

Mte CU%

Control Infusion 1. Subject T.S.« 21st January 1952

Time Rate of Pulse
infusion (rate Procedure

Serial Experimental® (ml./min) | /rain)

0hr(3»43p«Eu) - 64. min Venepuncture 2
2.2 Saline infusion started

6min - 58 60
12min - 52 2.0 56
29min - 35 54
42min - 22 60
60min - 4 56

lhr n Saline replaced by
2.1 saline blank infusion

5min 17 % 54
6min 33 54
Smin 67 54
9min 83 54

lOmin Returned to saline
2.2 infusion

13min 3 min Venepuncture
14min 4 48
26min 16 56
44miu 34 54
47min 37 Saline infusion stopped

In order to superimpose the readings from all subjects on
one graph it was necessary to transform the individual
time scales in the following maimers

1) Time before test period counted backwards from
beginning of test period.

2) Time during test period expressed as a percentage
of total duration of test period (this was in order
to superimpose the test periods in each subject).

3) Time after test period counted forwards from end of
test period.
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Infusions in Man

Control Infusion 1. Subject T.S,, 21st January 1952

Venepuncture: 1 2
Time: Serial 0 73

(min)

Blood Dextrose: 74 71
(mg/lOOml.)

CLOTTING TESTS
Lee & White time:
in Silicone: small tubes lli 12

~

(min) ll| 13
lit H
insf 17

large tubes 14 16|-
16k 17
18j 23
2Of 24

mean = 14lr 17i

in Glass: suall tubes lli 12f
(min) Ht 13-f

large tubes 12f 13
in 15i

mean » 12% 13f

Quick's prothrombin time:
Concentrated brain: 18.1 17.6

fsecj 19.3 16,0
18.4 17.6

mean = 18.6 17.1

i)Hute brain: 51 53
(sec) 57 58

68 63

mean « 59 58
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Subject R.R^

Infusions in Mane

Time Rate of Pulse
infusion (rate Procedure

Serial
@

Experimental (ml./min) /min)

Qhr{3.15p.sa*) - 57 lain
2.0

Venepuncture 1
Saline infusioji started

2/fmin - 33 68
28min — 29 68
33min — 24. 72 Venepuncture 2
37rain - 20 68
43&in • 14- 72
51min - 6 72

57min
2.8

Saline replaced by
saline blank infusion

lhr Omin 9 35 2.6 72
2ain 15 3.8
3min 18 68
4min 21 4-.S
9min 36 5.8 68
I2min 45 7.4 76
l6min 58 9.0 76
22min 67 72
23ain 70 68
29niin 97 68

30ain Returned to saline
2.0 infusion

31min 1 min 72
37min 7 Venepuncture 3
41min 11 68
4.3min 13 Saline infusion stopped
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jnfusj.oqg in frfep.

Control Infusion 2. Sub.ieet R.R.. l?th February 3-952

Venepuqqtuye:
Time: Serial

(train)

12 3
0 33 97

Blood Doyfcrpse: 105 96 74
(jfcg/LOOml.)

CLOTTING TBgT£
Leo & White time;

_

In Silicone: small tubes 14t 12|
(min) 15 13| h

15 13i JS
15f Ut

U| Hi
141 12|

g
large tubes 14i 11

c
n
a,

15 12| «

mean = 14i 12| :?v i
ctS

In Olasat small tubes 9\ 9
(min) 11 13i &

TO
t-J
c

large tubes 12 9t" £
1# 114 1
^ u

mean « lX-jg- 10i w,

Quick's prothrombin time:
Concentrated brain: 15.9 16.4 16.7

Tsec) 16.1 16.3 16.5
16.1 16.4 16.2

mean = 16.0 16.4 16.5

Dilute brain: 100 102 115
95 104 104

125 107 HI

mean = 107 104 110

Thrombin clotting time: 22.8 26.8 23.2
(sec) 13.5 15.2 14.0

14.4 16.3 14.9

mean » 16.9 19.4 17.4

1
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Infusions in Man.

Tablq Cyilfl

Control Infusion ^ Sublet I.H.. 17th February 1952

Time Rate of
infusion
(ml./min)

Pulse
(rate
/min)

Procedure

Serial Experimental

0hr(3.30p.a.)

llmin
l/jmin
23min
31min
35min
37min
//[in in
4.7min

- 50 min

- 39
- 36
- 27
- 19
- 15
- 13
- 6
- 3

2.0
72
72
72

72
68
68
72

Venepuncture 1
Saline infusion started

Venepuncture 2

5Qmin 68 Saline replaced by
2.6 saline blank infusion

55min 11 % 4.0 68
59min 20 5.8 63

lhr 6min 36 a.o 3
llain 46 68
15iain 57 1.4 68
18min 64 72
29oin 89 68
33®in 98 Venepuncture 3
34irdn 100 68 Saline blank infusion

1 stopped



Control Infusion 3.
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MMmm

Subject I.H.»

Infusions in Man.

17th February 1952

Venepuncture;
Time: Serial

(min)

pod, Dextrps
(mg/lOOml.

C^OTTINQ Tljffrg
Lee & White time:
in SiliconeI small tubes

(min)

1
0

96

53
19
20

large

in Glasss small

-large

tubes 18f-
5l
insf

mean = 19|

tubes 12i
12&

tubes 15"a
16

2
31

94

234
25k

16k

iS

194-

llf
13

3
93

89

16f
17
20f
insf

19i
20
20£
20i

19i

12-1
12-|
15*
17

mean = 14i

Quick's prpt^roab^n timet
Concentrated brain8 15.8

15.5
16.3

14i

15.2
15.3
15.1

Uk

14.7
15.5
14.9

mean = 15.9

Dilute brain» 80
(sec) 94

91

15.5

80
80
79

15.0

86
78
82

mean = 89 80 82



- m Infusions in Man*

Control Infusion Subject I.T., 23rd February 1952

Tine Rate of Pulse
infusion (rate Procedure

Serial Experimental® (ml ./sain) /mini

Ohr (2*15p»m.) - 55 min Venepuncture 1
2.0 Saline infusion started

3atn m 52 78
lOmin • 45 73
27rain - 28 73
28nin - 27 Venepuncture 2
36min - 19 2.0
37min - 18 69
42ra±n - H 69
4.6ain - 9 1.7
4Smin - 7 71

55niin Saline replaced by-
3.2 saline blank infusion

56rain 4 % 67
Ihr Ondn 22 65

3®in 35 4.8 67
Srain 56 7.9 71
12rain 74 10.6 70
17min 96 65

18min Returned to saline
3.0 infusion

28min 10 min 68
3.1ndn 13 3.7
34Jain 16 68
42min 24 Venepuncture 3
4,6iain 28 2.0 68
53min 35 68
56ain 38 64

2hr llmin 53 67
15min i 57 Venepuncture 4
20min 62 Saline infusion stopped
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Infusions in Man.

Venepuncture:
Time: Serial

(rain)

1
0

2
28

3
102

4
135

Blood Dextrose:
(mg/lQQml.)

63 77 81 81

CLOTTING TESTS
Lee & White time:
in Silicone: small tubes

(min)
17i
1n
17*
insf

M

i9i

12f
13$
15i
15}

Uf
Ui

iP15^
large tubes 17

19
23
23

i6f
19

XH131
M
Ui

20
25
26
iasf

mean = 19 18i ui 19a

in Glass: small tubes
(min) it llf

13i 9f101
13a-
U

large tubes u
14

13
I3f lit 14

ui

mean « U 13i ii| u

Quick's prothrombin time:
Concentrated brain:

{sec)
U.7
14,9
U.8

15,2
15.2
15.3

14.6
14.7
15.1

u.8
U.5
15*4

means 14,8 15,2 U,8 U.9

Dilute brain:
(sec)

80
91
89

85
87
86

92
91
89

84-
87
83
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Control Infusion 5. Sub.jppt I.L., 23rd February l?5g

in Man.

Time Rate of Pulse
infusion (rate Procedure

Serial
@

Experimental (ml./min) /min)

Qhr(2.26p.m.) - 63 min 90 Venepuncture 3
1.2 Saline infusion started

7min - 56 2.3
llmin - 52 87
27min - 36 1.5
28min • 35 78
32min - 31 81
41min - 22 78
47min - 16 78
51min - 12 83
55min - 8 82
59xain - 4 77

lhr 3raln 83 Saline replaced by-
1.4 saline blank infusion

7min 25 % 79
12min 56 Venepuncture Z
ISmin 94 77

19min Returned to saline
3.2 infusion

37min 18 min 72
44®in 25 66
47min 28 73
52min 33 Venepuncture 3
55ain 36 67

2hr llmin 52 66
15nin 56 Venepuncture L
18nin 59 69
20min 61 Saline infusion stopped
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Infusions in Man.

Mt9 CATV'

Control Infusion 5. Subject I.L. 23rd February 1952

Venepuncture:
Timei Serial

(min)

Blood Dextrose:
(ng/100ral.)

1
0

79

2
72

92

3
113

92

4
135

89

CLOTTING TESTS
Lee & White time^

%n smgone» small tubes
(rain)

large tubes

2Gi
22-|
Insf
insf

164
19

$
mean = 204

in Glass? small tubes
(min)

large tubes

ll£
14

ui
16

mean » 144

QhW? prothrombin timet
Concentrated braini

(sec)

ftUntg braini

124
13
13
13

3|f
ui

12
124

12J- 12

16?
16§
20
24|

17f
18
21|
insf

194

12
12f

124
134

12f

16,1 16.1 16.2 16.1
16,1 16.1 16.3 15.6
16,1 16,0 16.6 15.9

=16.1 16.1 16.4 15.9

85 77 81 78
87 77 81 84
88 83 87 85

= 87 79 83 82
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Table CXVIa

Adrenaline Infusion 1. Subject A.II., Slat January 1952

Infusions in Man,

Tiiae Rate of Infusion
Pulse

Volume Adrenaline (rate f•rocedure

Serial Experimental® (ml. (icr6g /rain)
/min) /rain)

Qhr(3.26p.m.) - 52 rain
2.6

Venepuncture 1
Saline infusion started

5min - 47 68
lAsin - 38 64
25min - 27 68
32min - 20 2.0 64
37min - 15 Venepuncture 2
4-Ooin - 12 64
44®in «• 8 2.1
49sin - 3 2.0
50min - 2 64

52min Saline replaced by
2.8 9.3 adrenaline infusion

55ffiin 50 % 68
56m±n 67 88

SBrain Returned to saline
2.5 infusion

59min 1 rain 76
lhr 2rain 4 Venepuncture 3

3m±n 5 68
12ain 14 64
23min 30 64
33ain 35 66
34®in 36 60
/(Pmin 44 70
49rain 51 72
58iain 60 Venepuncture 4
59min 61 80

2hr 2xsin 64 Saline infusion stopped
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Infusions in Man.

Table CXVIb

Venepuncture t 1 2 3 4.
Time: Serial 0 37 62 118

(min)

Blood Dextrose: 103 100 96 78
(mg/lOOml.)

CLOTTING TESTS
Lee k White time:
in Silicone: small tubes 12 11 1C

lQf
11
12i

.icone;

(min)
>»
+5

,aJ

■

Q

a

!>

in Glass: small tubes © 10"|- Hi Ui
(min) § 13 insf 12

w

large tubes J§ 10|- 13 9a"

Quick's prothrombin time:

8>
a

©
*4

2 3
37 62

100 96

12 11

12|- 13
13 Hi
16 17-1-
12i 12f
13 18
14 18*
19 22

r 14 16

10* Hi
13 insf

10* 13
15 I5ri

;= 12-1 13

(2.

large tubes 12i 12f I4i
15f15*
m

13f

11

lot

Concentrated brain: o 18.8 18.3 19.9
(sec) 18.2 19.5 20.4

19.5 20.0 20.0

mean = 18.8 19.3 20.1

Dilute brain:
(sec)

48 53 53
55 50 59
56 73 64

mean = 53 59 59

,
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Table CXVIIa Infusions jin Man
Adrenaline Infusion 2. Sub .loot A. II, , 12th February 1952

Time Rate of infusion
Pulse

Volume Adrenaline (rate
/ • „\

Procedure

Serial Experimental (ml. (l0~6g /mm;

/ain) /min)

Ohr(3.18p.m.) - 42 min 0.5 Venepuncture 1
1 Saline infusion started

9min - 33 ! 68
24nin - 18 68
33min - 9 Venepuncture 2
37rain - 5 60

42min 0,9 3.0 Saline replaced by
adrenaline inftision

44nin 4$ 62
45mtn 6 62
47rain 9 1.2 4.0
48rain 12 68
50min 15 1.3 4.3
51nin 17 1.5 5.0
54min 23 64
56nin 27 2.0 6.7 80

lhr Omin 35 78
3ain 40 2.4 8.0
4rain 42 72
Sain 50 2.4 8.0
9rain 52 3.0 10.0
lOnin 54 76
13ain 60 3.1 10.0
14rain 62

'
* 84

l8min 69 3.0 10.0
20rain 73 84
24min 81 2.7 9.0
26rain 85 3.2 10.7 80
29nin 90 82

34min Venepuncture 3
2.0 Returned to saline

'

infusion
40min 6 min 74
52min 18 68

58rnin 24 68
2hr 4min 30 68

9ain 35 Venepuncture 4
Saline infusion stopped
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Table CXVIlb

JL

Infusions in Man.

12th February 1952

Venenuncture:
Time: Serial

(min)

1
0

2

33
3

94
4

129

Blood Dextroses n.d. n.d. 110 103
(mg/lOOml.)

CLOTTING TESTS
Lee & White time:
in Silicone: small tubes

(min) it
18
18

Hf
i5i
17t
20

12
12&
13
13-s-

12$
13
13i
H

large tubes 15k
17k
18
l&k

i5i
16
16£-
21

12$
m
Hi
15

13
H
16
16|

mean = 17-a 17i 13i Hi

in Glass: small tubes
(min)

9
%

10fr
ui

8i
9i

3i
4

large tubes Ilk
12 i3 12

insf
12
12i

mean = iok 10J- 10k ioi

Quick's prothrombin time:
Concentrated brain:

(sec)
12.8
12.3
12.0
13.0

12.6
12.9
12.7
12.6

12.7
12.5
12.4.
12.0

12.6
12.9
13.3
12.6

mean = 12.5 12.7 12.4- 12.9

Dilute brain:
(sec)

33
27
30

32
30
26

37
34
31

36
34
29

mean = 30 29 34 33
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Infusions in Man

1 OCiO

fine Hate of infusion
Pulso

Volume Adrenaline (rate Procedure

Serial Brperirnen tal (ml# (lO~6g /min)
/min) /nin)

0hr(3.30p.ra. - 60 rain Venepuncture 1
0.7 Saline infusion started

9rain - 51 68
14nin - 46 68
27ain - 33 66
33ain - 27 70
36nin - 24 64
40niin - 20 1.4 68
45min - 15 60
53iain - 7 Venepuncture 2
59min - 1 68

Ihr Onin Sali ae replaced by
1.5 5.0 adrm&line infusion

4ain 12 f> 72
5min 1.6 5.3 .

9min 26 68
lOnin 2.0 6.7
11 rain 32 72
14ain 41 76
24min 71 1.9 6,3 76
26nin 2.4 8.0
29nin 85 76

34nin Venepuncture 3
1.6 lie turned to saline

infusion
3Sain 2 rain 82
41fflin 7 78
43ain 9 Sal in e infusion stopped
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Table CXVIIIb

Adrenaline Infusion 3. Subject T.S..

Infusions in flqn.

12th February 1952

Venepuncture:
Time: Serial

(zain)

Blood Dextrose:
(mg/lOQml.)

GLOr"IMG TESTS
Lee & White time:
in Silicone; small tubes

(iain)

large tubes

1
0

(n.d.)

in Glass: small tubes

large tubes

19j
22
23

14

21
21*

= 20

9k
10J
i2i
13t

mean = ll£

Quick's prothrombin time:

2
53

63

15

9|
10

iff
ii*

3
94

106

12*
13
141
15

12*|-
17

14*

10£-

10*

9*

Concentrated brain: 12.2
(sec) 12.3

12.9

12.7
12.4
12.8

12.1
12.4
11.8

aean= 12.5 12.6 12.1

Dilute brain: 34.8
38.5
35.3

35.8
35.9
35.0

36.8
35.6
36.8

mean = 36.2 35.6 36.4
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WteLSMM

Adrenaline Infugion 4, Subject R.R., 2nd March 1952
Li- s .* k.' f ■ '

Time Rate of infusion Pulse
(rate
/min)

]Procedure

Serial
9

Experimental
Volume
(ml.
/min)

Adrenaline

(I0~6g
/min)

0hr(3.0p.m»)

llmin
12min
lSzain
20min
25niln
27min
30mln
49min

- 50 min

- 39
- 33
- 32
- 30
- 25
• 23
- 20
** 1

1.0

1.5

1.3

79

67

67

66
62

Venepuncture 1
Saline infusion started

Venepuncture 2

50min

51min
53min
f6rnin
59min

lhr Grain
6min
I5min
l6ain
21min
22ffiin
25min
29min

2 %
7
14
22
24.
33
60
62
74
76
84
91

2.0

2.2

2.1

2.3

1.7

6.7

7.2

7.1

7.5

5.5

70
76
72
76

86

85

80
81

Saline replaced by
adrenaline infusion

Venepuncture 3

32sin

36min
43min

2hr (tain
7mln
15min
17min

4 min
11
28
35
43
45

2.1
78

81
69
68
67
66

Returned to saline
infusion

Venepuncture 4
Saline infusion stopped
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Infusions in Man.

Table CHXb

2nd March 1952

Venepuncture: 1
Time: Serial 0

(min)

Blood Dextrose: 58)od Dextrose

(mg/lOOml.)
CLOTTING TESTS
Lee & White time:
in Silicone: small tubes H

(min) 154

m
large tubes 15

13£

mean = Hi

in Glass: small tubes 10#
(min) ll|

large tubes 13j

mean = 12$

Quick's prothrombin time:
Concentrated brain: 14.6

(sec) 14*4
H.3
H.4

mean = H.4

Thrombin clotting time: 13.2
(sec) 14..5

13.9
14.2

raean =» 14.0

2
20

3
89

4
137

81 106 74

134
134
13
19#

Hi
Hi
13
114

Hi
12*
124
insf

2lf
174

lSf

17i
15#
H#
18

Hf
12#
111
134

17 15 13

11#
Hi

10#
104

94
10#

H#
12#

H#
lli

12#
134

12# lli lit

15.0
13.7
14.6
14.7

13.9
14.6
13.9
13.7

H.3
H»4
U.6
14.3

14.5 14.0 H.4

rtf

8

15.0
14.6
13.9
14.0

17.5
17.2
16.9
18.0

fn
m

!
■

J 14.4 17.4
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Table CXXg

Adrenaline,.Infusion g, Subject ,IAH^ gndjferchj^

Infusions in Man.

Time Rate of infusion
Pulse
(rate
/min)

ProcedureVolume
(ml.
/min)

Adrenaline

(io-6g
/min)

Serial Experimental®

Ohr (3.33p.m.)

llmin
24min
31min
3/ftnln

- 37 min

- 26
- 13
- 6
- 3

1.9
65
66

63

Venepuncture 1
Saline infusion started

Venepuncture 2

37min

38min
39min
4Qmin
44min
45®in
5Qmin

lhr /[Jniri
7min
Smin
llmin
13min
14min
17ain

2 %
U
7
16
19
31
64
71
74
81
86
88
95

2.2

1.3

1.6
1.9
4*1
2.6

3.8

7.3

4.3

5.3
6.3
13.7
8.5

12.5

79

74
73

71
72

78
77

80

Saline replaced by
adrenaline infusion

Venepuncture 3

19min 78 Returned to saline
3.0 infusion

22rrdn 3 min 2.1 71
3Cteiin 11 68
35®in 16 68
39min 20 0.8
5lmin 32 65

2hr Omin 41 67
/tmln 45 Venepuncture 4
7min 48 67
17min 58 66
?3min 64 Venepuncture 5

Saline infusion stopped



416 -
Iafuaiona In Han.

Table CXXb

Adrenaline Infusion g, Subject I.H.. 2nd March 1952

Venepuncture: 1 2 3 4-5
Time: Serial 0 31 77 124 143

(min)

Blood Dextrose:
(mg/lOOml.)

110 95 110 88 74-

CLOTTING TESTS
Lee & White tirp i
in Silicone: small tubes 22} 17} 12} 16} 16

fain} 23 lBf 15 17} 19}
23 20} 15} 19} 20
23} 24-} 16} 19| 21

large tubes 16} 11} I3f U 14}
16} 13} 15} 19} 18
17} 17} 17 19} 18}
22} 18} 17} 20 insf

mean = 20} 18 15} 18} 18

in Glass: small tubes 10} 9} 9} 13} 12
(rain) 11} 11} 10} 13} 13}

large tubes 16} 13} 13} 14-} 15}
17} 15} 14 16} 15}

mean = 14} 13 12 14} 14}

(Quick's prothrombin timet
Concentrated brain: 14-.8 16.2 15.0 14-.5 15*5

(sec) 15.0 16.3 14-.7 15.2 15.8
15.3 16.2 14.6 15.3 16.0
15.4 16.6 15.2 15.4 16.0
15.8 16.1 insf 15.7 16.7

mean ■ 15.3 16.3 14.9 15.2 16.0

Thrombin clotting time: 12.3 11.3 12.4 13.1 10.5
(sec) 12.0 11.8 13.1 12.8 14-8

12.5 12.6 insf 11.5 14.8

mean a 12.3 11.9 12.8 12.5 13-4



Infusions in Kan*

foible Cffli

Adreiiallne Infusion^ Subject, I.L., 8th March l?g2

Time Rate of infusion
Pulse

Volume Adrenaline

(l£T6g
(rate Procedure

Serial Experimental® (ml. /min)
/min) /min)

Ghr(2.17p.m.) - 158 min
2.0

Venepuncture 1
Saline infusion started

14ain - 144 75
19min - 139 77
29min - 129 1.1

lhr 3min - 95 Infusion unsatas, stopped
Venepuncture 2

1.3 Hew infusion started
lhr Brain - 90 75

lOmin - 88 1.4
13niin - 85 72
17min - 81 73
23»ain - 75 75
28min - 70 Venepuncture 3
35tain - 63 73
41min - 57 70
45min - 53 71
46min - 52 1.6
49min - 49 75
52min - 46 75
56min - 4-2 Venepuncture 4

2hr 2min — 36 73
8min - 30 71
13min - 25 72
19min - 21 79
21min - 17 80
25nsin - 13 73
28min - 10 74
30toin - 8 Venepuncture 5
34-min - 4 72

38min
1.4 4.7

Saline replaced by
adrenaline infusion

39min 4 % 1.6 5.3
4-Omin 7 81
43min 19 2.2 7.3 76
46min 30 82
49min 41 82
51min 48 88
52min 54 1.5 4* 8
56min 67 77
59min 78 78

3hr lmin 85 84
4®in 96 Venepuncture 6

Adrenaline infusion
stopped
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Infusions in Man.

Table CXHb

Adrenaline Infusion 6. Subject I.L.. 8th March 1952

Venepuncture: 123
Time: Serial 0 63 83

(min)

Blood Dextrose: 35 89 85
(mg/lGOml.)

CLQTTIKG TESTS
& White time:

in Silicone: small tubes 13i l6f 15i
(min) 15f- £§f 16^

l(*j? 19* 19i
19 21 22i

large tubes 14. 14f 15i
17 16|- 17f
17 l6f 18
18 insf 18i

mean - 16§- 17-^ 18

in Glass: small tubes lOg- 9k 8k
10i 9£ 9|

large tubes 12k 9f '4l. 10
111 10

mean - 12 10| 9|

Cannon-Mendenhall time: 20|- 21 23
(min)

Quick's prothrombin time:
Concentrated brain: 18.4 17.4 14.7

(sec) 18.2 18.8 15.2
17.8 17.6 15.2

mean = 18.1 17.9 15.0

Dilute brain: 121 147 105"

(sec) 134 150 111
124 157 97

mean » 126 151 104

Thrombin clotting time: 25«0 26.3 25.6
(sec) 26.0 25.6 25.6

26.6 27.3 26.6

mean = 25.9 26.4 25.9
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Infusions in fan.

Table CXXTb cont'd

Adrenaline Infusion 6, Subject I.L.. 8th Inarch mg

Venepunctures
Times Serial

(sain)

Blood Dextrose;
TmgTlOOml* )

CLOTTIHS TESTS
Lee & White times
in Silicones small tubes

"Train)

large tubes

in Glasss
(min)"

mean

small tubes

large tubes

4
116

85

2l£
23
24
29

3f
20i-
20o

22

9*
10i

iii

5
150

82

17
194
20
24

iyk
15i
in
insf

17|

n
%

11
12

6
184

114

19
22

10

11-g-
12
14

154

si

mean = lOg-

Cannon-Mendenhall time;
(min)

Quick's prothrombin times
Concentrated brains

(sec)

dilute brains

(sec)

22k

19.8
19.1
18.9

= 19.3

140
151
157

104

26

19.4
18.2
18.3

18.6

139
132
146

94

25

§
3

§

122
129
139

Thrombin clotting time:
(sec)

mean = 149

29.5
26.4
26.7

139

27.6
26.0
26.6

130

25.5
25.0
26.8

mean « 27.5 26.7 25.8
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Illusions In Man.

Table CXXIIa

A.C.T.ff. Infusion lt Subject T.S.. 23rd March 1952

Time Rate of infusion
Pulse

Volume A.G.T.H. (rate
/ • \

Procedure

Serial Experimental® (ml. ('ma equiv' /min)
/ain) /min)

Ohr(3«5p.nu) - 92 ain Venepuncture 1
1.5 Saline infusion started

7ain - 85 63
llmin - 81 59

- 78 1.3
17min - 75 58
23iain «• 69 58
25min - 67 Venepuncture 2
32min - 60 1.3
33min - 59 59
40min - 52 54
45niin - 47 53
59iain - 33 53

lhr Irain - 31 Venepuncture 3
5ndn - 27 1.6
6min - 26 52
13min - 19 52
19ain - 13 50
23min - 9 Venepuncture 4
3Ctoin - 2 50
31niin - 1 1.4-

32min Saline changed to
8.4 1.75 A.<3.T.H. infusion

3-4iain 20 % 7.4 1.50
36min AO 6.4 1.25
37nin 50 47
38rain 60 5*A 1.00
/Gain 80 4*4 0.75
/lain 90 4-3
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Infusiona in Man.

Time Rate of infusion
Pulse
(rate
/min)

Procedure

Serial
@

Escperimental'
Volume
(ml.
/min)

A.C.T.H.
[*mg equiv'
/min)

42min Returned to
2*1 saline infusion

45min 3 sain 4.6
4Smin 6 44
51min 9 Venepuncture 5
58min 16 44

2hr 3min 21 46
7min 25 45
15min 33 45
23min 41 Venepuncture 6
24min 42 50
33min 51 50
38min 56 43
45min 63 Venepuncture 7
50rain 68 49
58min 76 48

3hr 7min 35 Venepuncture 8 |
9min 37 Saline infusion stopped



422 - Infusions in Man*

Table Cffllb

Venepuncture:

Timgi Serial
(ffiin)

1
0

2
25

3
61

4
83

Blood Dextrose:
(mg/10Qjal.)

74 89 85 71

Eosinophil count:
(cells/W^)

222 212 203 184

Platelet counts

(1C>3 cells/mm^}
392 (n.d.) (n.d.) (n.d.i

CLOTTING TESTS.
Lee & White times
in Silicones small tubes

(rain) Sf
16
18

12i
14
17
22

13i
Itfr
20f
2l|

13i
151-
17
17i

mean := isi l&k 18t I5f

in Glass s smaH tubes
(rain)

9
10

9
9

lOg-
lli

9i
10

large tubes llyu| ui
liJJ.X4.

11
13

13
I3i

mean == 10f: io|- lli Hi

Cannon-Mendenhall times
(rain)

Hi 17i 22 20^-

Quick's nrothrombin times
Concentrated brains

(sec)
16.4.
16.8

17.6
17.3

17.6
18,0

17.3
18.8

mean = 16.6 17.5 17.8 18.1

Dilute brains

(sec)
90
90
77
105

34
98
104
113

80
100
101
119

85
105
109
H7

mean = 91 100 100 104

Thrombin clotting times
(sec)

18.9
18.7
19.9

18.8
19.2
19.4

19.3
19.2
20.1

22.1
21.2
22.0

mean = 19.2 19.1 19.5 21.8
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Infusions in Man.

Table CXXIIb cont'd

A.C.T.H. Infusion 1. Subject T •S*. 23rd March. 1952

Venepuncturei
Times Serial

(min)

5
111

6
143

7
165

8
187

Blood Dextroses
(mg/lOOml.)

67 82 110 114

Eosinophil count:
(cells/mm3)

190 203 209 218

Platelet count:

(103 cells/mm3)
(n.d.) 368 (n.d.) 378

CLOTTIKu TESTS
Lee & White times
in Silicones small tubes

(min)
m
15§
17
insf

15
15
16£
18

13|-
15

insf

13i
13i
H
Hi

mean == 15i 16£ Hi H

in Glass: small tubes
(min)

10
10

12
12*

10
11

9k
%

large tubes 14
Hi

m
Hi

iii
Hi

10
12

mean =»I2i 13 li iot

Cannon-l-fendenhall time:
(min)

2li 14 li Hi

Quick's prothrombin times
Concentrated brains

(seo)
19.7
20,5

18.8
19.3

17,8
18,1

mean = 20.1 19.1 18.0

(Insf.blood)Dilute brain:

(sec)
85
87
111
119

98
111
114
125

79
84
93

107

mean = 101 112 91

Thrombin clotting ti-Lime*
(sec)

ts

§
H
&
•

ui

♦3

t3

8
d

1M

18.0
16.1
13.9

18.3

i3

8
r-1
rO

i
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Infusions in Man.

A.C.T.H. Infusion 2. Subject I.T.. 12th April 1952

Time Rate of Infusion
Pulse

@ Volume A.C.T.H. (rate
/n&n)

13rocedure

Serial Experimental (ml.
/min)

(•rag equiv'
/min)

Ohr(l.50p.m.) - 69 min
2.0

Venepuncture 1
Saline infusion started

Smin - 61 79
9min - 60 1.8
12min - 57 72
l6min • 53 1.9
I7min - 52 75
20rain - 4-9 1.9
21min - 48 73
27min - 42 Venepuncture 2
34min - 35 69
36rain - 33 2.1
39min - 30 65
Almin - 28 2.1
43min - 26 68
4/(.Tnjn * 25 2*4-
A6min • 23 1.4
47min «* 22 1.8
4-Bmin » 21 66
49min - 20 1.8
52ns±n - 17 63
53ndn » 16 1.7
55iain - 14. 2,1
56min - 13 63
59min - 10 62

Ihr Omin • 9 1.9
2min - 7 Venepuncture 3
6min - 3 2.0
7min - 2 59

9min Saline changed to
1.9 0.4 A.C<T.H. infusion

llmin 7 % 60
14min 17 1.7 0.3
l6rain 23 61
17min 27 2,1 0.4
20min 37 60
22min A3 2.3 0.5
25min 53 2.2 0.4
26min 57 61
29min 67 2.1 0.4
30min 70 57
34®in 83 Venepuncture 4
36min 90 2.1 0.4
38min 97 56
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Infusions in Man*

cftpt'd

Time Rate of Infusion Pulse
(rate
/min)

Procedure

Serial Experimental
Volume
(ml.
/sin)

A C T H
('mg equiv'
/sin)

39min Returned to
1.7 saline infusion

44*aiu 5 1.9
45min 6 61
47min 8 1.7
48min 9 1.9
50tain 11 2.0
52min 13 59
58min 19 61
59min 20 2.1

2hr 2mjrn 23 Venepuncture 5
5sin 26 58
7min 28 1.9
llmin 32 60
ISmin 36 2.0
I6min 37 58
20tain 41 58
21m,1 n 42 1.9
25^in 46 Venepuncture 6
29sin 50 61
31min 52 2.1
35sin 56 59
37min 58 2.2
40min 61 59
45ain 66 53
47min 68 2.2
50min 71 60
51min 72 2,2
55min 76 Venepuncture 7
59min 80 58

3hr lmin 82 2.1
5min 86 67
6min 87 2.0
lOmin 91 63
lliain 92 2.0
15min 96 57
19min 100 Venepuncture 8
24min 105 Saline infusion stopped



- 4.26 Infusions In Man.

Table CXXIIIb

A.C.T.H. Infusion 2. Sub.ieat I.T • » 12th Asril 1952

Venepuncture:
Time: Serial

(min)

1
0

2
27

3
62

4
94

Blood Dextrose»
Cmg/l00m!U)

85 110 96 78

Total leucocyte counts
(cells/mmr)

(n.d.) 8050 7650 7500

jeutroohil oolvnornh counts
(cells/mm3)

(n.d.) 4350 4250 3650

Lymphocyte counts
(cells/mm-')

(n.d.) 3150 2850 3850

Eosinoohil counts
(cells/mm^)

268 256 250 246

Platelet counts

(103 cells/mm3)
(n.d.) (n.d.) (n.d.) 324

mm?w
Lee & White times
in Silicone: small tubes

(min)
15

iSicqf
18

12f
16£
17
17*

15i
16|-
16§
17

15
19-4
21|
23

large tubes 13
14
17
insf

16i
17t
17$17f

I6f
17i
172-
17|

$
17|
18

mean = 15* 16| 17 18?

in Glasss small tubes
(min)

10k
Ilk 3 10

10£
10

ioi

large tubes Hi-
insf

13
1H-

13
13i

12
13

mean = H| lll llf- 11|

Cannon-Mendenhall times 12 17| 20 17

Quick's prothrombin time:

B&B&S brain; 170
189
204
252
222
240

mean =213

xs

8
£5

173
212
195
247
226
228

214

210
206
205
210
207
241

213
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Table CHI lb cont'd

Infusions In Man«

Veneounc ture:
Time; Serial

(min)

5
122

6
145

7
175

8
199

p^ood Dextrose;
(mg/lOQml. )

1H 100 82 78

Total leucocyte count;
(cells/mm^)

7450 7400 7350 7300

Neutrophil polymorph count:
(cells/wo?)

3950 3700 4600 3950

Lymphocyte count:
(cells/mra3)

3050 3450 2200 2700

Eosinophil count:
(cells/mm^)

240 231 228 223

Platelet count:

(1Q3 cells/mm^)
(n.d.) 316 316 316

CLOTTING TIMES.
Lee & White time:
in Silicones small tubes

(min)
11*
13*
15
15f

16*
18
1H19I

13*
14f
15
16i

17f191
20
insf

large tubes uk
15
15*
15f

15i

i£lOgr
17i

13f
145-
ul
16

14*
14*
141
14|

mean = 14-1 17* 15 17

in Glass; small tubes
(min)

9
9

8
8

H
9*

10-f
12

large tubes io|
Hi

12fii 12f
ut

11*
12

mean = 10 10* n* Hi
Cannon-Mendenhall time: 14 15 16* 18*

Quick's prothrombin time:
Jilutobrains

(sec;

mean

18? 189 193 195
199 192 224 263
250 226 257 266
240 218 260 250
225 215 278 227
245 236 289 265

- 224 213 250 244
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Table GXXEVa

A.C.T.H. Infugj^n^_SHbJect.

Time Rate of Infusion
Pulse

Volume A C T H (rate Procedure
Serial Experimental (ml. (*mg equiv' /rain)

/rain) /rain)

Ohr (3.4p»®«) - 52 rain
1.7

Venepuncture 1
Saline infusion started

12min - 40 70
17min - 35 2.0
18iain - 34 65
22min - 30 Venepuncture 2
29min - 23 2.0
30oin - 22 64
33min - 19 1.8
35®in - 17 63
39min - 13 1.9
40min - 12 69
44min - 8 Venepuncture 3
49min - 3 1.9
51mln - 1 68

52min Saline replaced by
1.9 0.8 A.C, T.H. infusion

i 54^n±n 5 % 66
i 53roin 16 1.7 0.7

59min 18 57
llir 3min 29 54

4min 32 1.7 0.7
9min 45 Venepuncture 4

1 /(nri n 53 1.6 0.6 55
19ndn 71 53
20min 74 1.5 0.6
25rain 87 55
26min 89 1.5 0.6
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Table CXXIVa cont'd

Infusions in Man.

Time Rate of Infusion
Pulse

(M Volume A.C.T.H. (rate Procedure
Serial Experimental (ml.

/min)
(•mg equiv1

/min)
/min)

30min
1.7

Returned to saline
infusion

33min 3 min 52
36min 6 Venepuncture 5
43min 13 1.7 54
49min 19 1.6
5Gain 20 53
55®in 25 1.6
56min 26 53

2hr Orain 30 1.6 56
4min 34 Venepuncture 6
12min 42 1.5
13min 43 1.9
1 /tmj n 44 54
20min 50 1.9
21win 51 55
2Vpiln 54 1.9
25rain 55 53
28min 58 Venepuncture 7
31min 61 1.7
32min 62 51
35ain 65 1.9
36min 66 52
4-Otoin 70 1.3
41min 71 51
44ain 74 1.3
46&in 76 52
48min 73 1.3
52min 82 Venepuncture 3

Saline infusion stopped
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Infusions in Man.

Table CTCTTb

A.C.T.H. Infusion 3. Sub.iect A.H.. .20th Apr!?.

Venepuncture t

Timet aerial
(Bin)

Blood Dextrose t

(mg/lOOml.)

Total leucocyte count;

(cells/mm3)

Neutrophil polymorph count:
(cells/nun^)

Lymphocyte countt
(cells/ma3)

Eosinophil count;
(cells/mm3)

Platelet count:

(1Q3 cells/mm3)

CLOTTING TESTS

I^ee & %Lte timet
in Siliconet small tubes

(min)

large tubes

1
0

89

6500

2850

2900

300

(n«d.)

19f
23i
23#
24-t

16#

2tt

mean = 21

in Glass: small tubes
(rain)

large tubes

15#
16}
llf
12#

2
22

103

5250

24.00

2250

278

(n.d.)

Oannon-Mendenhall time:
(min)

mean = 14.

17#

iH
SI-
1.
Lfe
Uf
17#

17#

9#
io#

10#
10}

ioi

11#

3
4A

82

5000

2200

2150

271

332

17#
l4
19#
20

17
17#
18
19

18#

9
10#

10#
11#

10#

8#

u
69

82

4-950

2300

1900

268

330

16#
16#
19
19#

15
15#
16#
18#

17

10

10#

Hi
11#

10#

7#



- 431 - Infusions in Man*

Table CXXTTb oont'd

Infusion 3,

Venepuncture •.

Time; Serial
(min)

Blood Dextrose:

(mg/lOOml.)

Total leucocyte count:

(cells/miiK)

Neutrophil polymorph count:
(cells/mm^)

Lymphocyte count:

(cells/mnr)

Eosinophil count:
(cells/Wi3)

Platelet count:
(103 cells/mm3)

CLOTTING TESTS
Lee St White time:
in Silicone: small tubes

(min)

large tubes

ML Glass:
(min)

small tubes

large tubes

mean

Cannon-Mendenhall time:
(min)

5
96

6
124

7
H8

s
172

92 103 100 96

5000 5150 5200 5500

2209 2300 2150 3000

2300 2400 2300 1850

262 262 265 271

320 320 322 322

14
I6i
16£
19

12|
14
Hi
15

12#
12i
13
insf

13
I3i
i3i
i3i

12i
13*
13i
18i

12

12f
13
insf

12-|
13
13i
insf

*3
o

M

= 15* 13i 13 13i

10i
Hi H

%
<*
9k s

9i
Hi £ lOf

Hi ufIlk
= io£- 10 10* 10k

10 10k 7



- 432 - Infusions in Man.

Table CXXVa

A.C.T.H. Infusion 4. Subject I«R 27th Anril 1952

Time
!

Rate of Infusion
Pulse

Volume A.C.T.H. (rate Procedure

Serial Experimental® (ml. ('rag equiv' /rain)
/rain) /iain)

Ohr(2.55p»m.) • 66 rain Venepuncture 1
1.9 Saline infusion started

9ain - 57 72
12min •» 54. 71
13min - 53 1.8
15rain - 51 69
l6min - 50 1.8
20rain «. 4-6 71
21min - 45 1.7
23niin <• 43 2.1
26min • 40 Venepuncture 2
29min - 37 67
3Qmin - 36 2.0
33iain - 31 2.1
3Amin - 32 66
38iain - 23 2.3
4-Omin - 26 69
44min - 22 2.0
45ain - 21 69
52min - 14 Venepuncture 3

; 56min , - 10 2.0
58min - 8 69

lhr 3-®in - 3 1.9
5min - 1 66

6rain Saline replaced by
1.8 0.7 A.C.T.H. infusion

lOmin 13% 63
llmin 17 2.0 0.8
13min 23 1.6 0.6
lAmin 27 2.3 0.9 1

19min 43 2.0 0,8
2Grain 47 58
22min 53 1.8 0.7
25min 63 62
26min 66 2.4 1.0
29min 77 Venepuncture 4
33min 90 2.1 0.8
35min 97 60

-
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Table CXKVa cont'd

jnfqs&ons j-n Man,

Time Rate of infusion Pulse

@ Volume A.C.T.H. (rate
/min)

Procedure

Serial Experimental (ml. (•rag equiv'
/min) /min)

36min
2.1

Returned to
saline infusion

38min 2 rain 1.8
39®in 3 2.0
40rain 4 58
43min 7 2.0
44®in a 61
49min 13 2.0
50min U 68
54min 18 1.8
55min 19 65
57min 21 1.8
59min 23 Venepuncture 5

2hr 3min 27 1.8
4min 28 61
9min 33 1.8
llrain 35 61
14min 38 1.9
15min 39 63
18min 42 1.9
P/jHi in 48 1.9
25min 49 Saline infusion stopped



- 434 -
Infusions la IIaa»

Table CXXVb

A,f,CfT«HT Infusion 4, Subject I.H.. 27th April 1952

XWMWflfrtlffiP,:
Timet Serial

(min)

1
0

2
26

3
52

4
89

5
119

piood Dextrose:
(mg/lOOml.)

35 103 100 65 64

Total leucocyte count:
(cells/am^)

64.OO 5900 5200 6450 5150

Neutrophil polymorph count:.
(cells/ma-5)

4650 4000 3550 4350 3550

Lymphocyte count:
(cells/WP)

1300 1400 1250 1600 1300

Eosinophil count:
(cells/mra3)

284 278 265 259 259

Platelet count:

(103 cells/mm3)
302 300 296 294 296

CLOTTING TESTS
Lee & White time:
in Silicone: small tubes

(min)
19f
20f
si
21-1-

18

23#
28
28#

12#

S3
16

19#
20
21
22

16#
17
22
22

large tubes 1Bi
194
19|
24#

17

18#
19#
21-g-

12f
134
14
14#

14#
16
18#
insf

12#
17#
18 g

insf

mean = 2Of 224 14 18# 18

in Glass: small tubes
(min) Si 10#

17
10
10#

11#
insf

11#
12

large tubes 14&
15t

13
14 gf 11#

14#
13#
13

mean - 13# 13# 12 12# 12#

Gnanon-Mendenhall time:
(min)

13# 18# 10# 8# 14#

Quick's prothrombin time:
Dilute brain:

(sec)
175
225
240
270
240

240
265
295
370
340

220
260
310
310
340

207
254
260
305
350

300
315
400
390
500

mean = 230 302 288 275 381



L ucotoray.

Table CXX7I

Subject M.S.: (Pre-leucotomy) 31st March 1952

Venepuncture: 1 2 3 4 5
Time (rain) 0 27 57 91 118

Blood Dextrose; 149 114 103 98 96
(mg/100ml»)

Eosinophil count 190 178 162 156 147
(cells/mm*')

Platelet count: 312 304 298 292 288

(1£P cells/raa3)

CLOTTING TESTS.
Lee & White time:
in Silicones smell tubes 12 14 14 12-1 13#

(rain) 14. 14 14 12 13!
3-4*2 31| 14 14 11

15# 12 15 insf 13#

large tubes 13# 12 12?) 121 12-1
13? 10# 13 12# 12#
14 11 insf 12 insf

12# insf insf insf insf

mean = 13.7 12.0 13.4 12.5 12.6

in Glass: small tubes 10 Ill- 13 12| i2|
(rain) 12? Ill 12 12 12#

large tubes 12| 12# 8 11 10
13 7# 11| 11 10#

mean = 12.4 10.6 11.2 11.6 11.3

Gannon-Mendenhall times 1% 12y" 13 12k 15
(rain)

Quick's prothrombin times
17.6Concentrated brains 19.3 19.1 19.7 17.3

(sec) 17.6 17.4 16.9 17.4 16.8
16.9 17.5 17.2 17.5 17.5
16.6 16.8 16.7 15.8 17.7
12.1 16.3 15.8 13.8 14.5
10.2 10.5 11.2 10*4 10.1

mean = 1$.2 16.3 16.2 15.8 15.7

Dilute brain:
/ eft
DO 72 64 67 74

(sec) 65 78 71 79 81
172 166 167 156 156
189 187 190 184 176
175 196 191 182 173

mean = 134 140 137 134 132



- 436 - Veucotoay.

MiSSk M.s» (cont'd)

Thrombin clotting time:
(sec)

Table CXXVI cont'd

1 2 3 4 5

13.6 13.3 13.8 13.7 13.4
13.5 13.5 12.7 13.2 13.9
13.5 12.0 13.3 14.2 13.8
12,7 12.3 12.1 13.1 12.4

13.3 12.3 13.0 13.6 13.4
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Table CXXVII

Leucotomv.

Sttfajeqi MffS„J(Post-Leucotomv) 25th April 1952

Venepuncture:
Time (min)

1
0

2
31

3
61

4
91

5
121

Blood Dextrose:
(mg/lOQml.)

87 78 67 64 64

Total leucocyte count:
(cells/mm-5)

3750 3450 4650 3550 4600

Neutrophil polymorph count:

(ce'iis/mnr)
24-50 2150 3150 2350 2700

Lymphocyte count:..
(cells/mm"')

1050 1050 1150 900 1700

Eosinophil count:
(cells/mm-5)

259 253 243 228 222

Platelet count:
(1Q-5 cells/ranr)

296 288 286 290 288

CLOTTING TESTS.
Lee & White time:
in Silicone: small tubes

(min) S3
13§
11-1

S3
ill
ill

10k

u
15i
14
lojlo|

13k

nf
X3J-

large tubes 111
I
11-

10A-
Ui
12

13
12
12k 12|
12 10^

f Hi
12s- 11

10|9§r9f inaf

mean = 12.0 11.5 13.0 12.0 11.9

in Glass: small tubes 101 121
101

Hi 11 8
(min) lli 13 H 10

large tubes 10k
10§ 8fn

11 12i 9k
loi 12k 10

mean = 10.8 10.7 12.2 12.5 9./

Cannon-Mendenhall time: 9 &k 7i 7| 10
(min)

Quick's prothrombin time:
Dil. brain:

(sec)
167 143 143 148 175
195 145 174 135 218
171 195 175 162 187
192 189 183 161 235
220 210 209 211 248

mean = 189 176 177 163 213
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Table CXXHII

Subject E.L. (Pre-Leucotomy)

Vpnepupcturc;
Time (min)

Blood Dextrose:
(mg/lOOml.)

Eosinophil count:,
(ce(cells/mm^)

Piutejj-et count:
(lO-' sella/im?)

CLCETIKG TESTS.
Lee & White time:
la Silicones small tubes

(isin)

large tubes

in Glass: small tubes
(rain)

large tubes

Leucotorxv.

1st April 1952

1 2 3 u 5
0 33 61 93 121

71 67 60 74 71

225 215 203 187 181

328 324 318 316 312

Gannon-Mendenhall timei
(min)

lOf
13|
lof
lot

12
14
12*
12

lli
12

12i
insf

13fJ*
121
10£

14
13-4
11

lit

lot

■s
insf

11.9 12.5 11.2

8 9f8f
7
7

10t
iof-

12

ni
9k

104

9.3 10.4 8.6

8 12k

&

1
<33

I
V

§
&
I
05
>

05
3

I
o
CD

m
fc3

g5
G
U

O
E5
w

17
11
16
13k

14
12±
11f
12f

13.5

9
*k

9
11

9.4

l>a

(Continued overleaf)
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Leucotoay.

Table CX(VIII cont'd

Subject E.L. (cont'd)

Venepuncture: 12345

Quick's pi'othrombin time:
Concentrated brain: 16.9 17.3 18.3 ^ 16.4

(sec) 17.9 16.7 16.7 3 18.3
17.3 17.2 insf § 18.8
18.1 18.5 insf ^ 18.8

mean = 17.6 17.4 17.5 I 18.1
o

Dilute brain: 81 87 97 | 100
(sec) 80 83 100 § 105

94 98 97 g 111
104 108 103 113

©

mean - 90 94 99 3 107

Thrombin clotting time: 8.0 8.7
(sec) e 8.5 8.9 ta i

3 8.5 8.9 H §
rp< 8.4 8.4 cd Fp<

7.9 8.8 2
CO CO

= 8.3 8.7



•» /,/Q
Leuoofrom'/,

Table OXXIX

Sub.iect E.L.: (Post-Leucotomy)

Venepuncture;
Time (mill)

Blood Dextrose:
(mg/ioOial.)

?2rpd April 1953

1 2 3 4 5
0 27 56 93 115

60 60 67 74 100

Total Leucocyte count: 5500 4-850 5450 4450 4500
(cells/ma^)

Neutrophil polymorph count;^(cells/mm-^)
Lymphocyte counti

(cells/mia )

Eosinophil count:
(cells/mnr)

3800 2650 3000 2350 2350

2950 2000 2050 1700 1800

278 272 259 246 240

Platelet count; (n.d.) 326 324 308 314WfAQ* count,:
(1C>3 cells/mm^)

CfrpTTpG TESTS.
Lee & White timet
in Silicone i small tubes 16£

(rain)

large tubes

16

16

20|-
15

in Glass? small tubes 11|-
(min) 11

large tubes 12
10|-

Oanaon-Mendenhall time: 13
(min)

Quick's prothrombin time:
Dili brain:

(sec)

111
154L
141
161

171
I4i
17
18|-

14
15
151
14a

9
10
131
13i

$
3M
12|

15f
15
11-1
17

13
12l
121
Mi

11

lOf
101
12

13.4 15.8 13.9 11.3

ni
111 I! S

9k
7t7-i

4 11
lOf

9l
11

10.8 8.1 9.8 8.9

8 7 8 6

113 131 115 127 135
134 135 120 141 139
143 130 131 143 134
148 179 130 156 165
171 214 180 167 212

= 142 158 135 147 157
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Animal Experiments •

Tab^e Cm

Cat 1 17th Auaist 1951

4*2 kg

Ohr

Ohr IGmin
to 45ain

Ohr 57min

lhr 25min

2hr 3Qmin

3hr 2min
to 3min

3hr 1/tiri.n

3hr 33min

Veterinary Nembutal 4.0 gr.
No excitement previous to anaesonesia

Exposure of E & L femoral arteries for arterial
punctures for Lee & White clotting times in
glass tubes and in silicone-ooated glass tubes

Arterial puncture (1);
Glass J 11
Silicone: 21 25

Platelet count 624>000/mm^
Arterial puncture (2j:
■Glass : 12 13 13 13
Silicones 26

Platelet count 606,000/ram^
2hr 7min Arterial juncture (3)s

11 min
mean 23 min

mean 12f min
26 min

Platelet count 638»000/mm'

Arterial puncture (4.) s

Glass : 12 13 14 14
Silicone: 18 18 18 18

Platelet count 622,000/mm"

mean 13i min
mean 18 min

-6
Adrenaline (synthetic) 1.0 x 10 g/kg

Apteral puncture (g):
Glass s 11 12 14 14
Silicone: 18 20

Platelet count 610,000/mm"'

Arterial puncture (6):
Glass : 13 13 13 14
Silicone: 21 23 24

mean 12f min
mean 19 min

mean 13$ min
mean 22-f min

Platelet count 608,000/mm^
3hr 43min Veterinary Nembutal 0.5 mg

Adrenaline (synthetic) 1*0 x 10 'g/kgto 37min
-5
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ESfperimgntp.

Table CXXX cont'd

Gat 1 (cont'd)

Ahr 39min Apteral puncture (7):
Glass : 12 12 13 13
Silicone: 20 20 21

Platelet count 602,000/ram*'

5hr 6mln Art^W pwpfoff? (fl):
Glass i 10 10 10 11
Silicone: 15 15 15 16

mean 12^ min
mean 20£ min

mean 1C
mean 1!

min
min

Platelet count 614,000/mm'



QS&, 2

Ohr

lhr 25min
to 45min

4hr 19ffiin

4hr 52min
to 53min

4hr 5?rain

Animal Experiments.

Augqst 1951

Veterinary Nembutal 2.0 Sr*
Little excitement previous to anaesthesia

Exposure of R & L femoral arteries for arterial
punctures for Lee & White clotting times in
glass tubes and in silicone-coated glass tubes

jjafre^al J2iagteggL..iiI*
Glass s 9 9 mean 9 min
Silicone: 15 15 mean 15 min

-6
Adrenaline (synthetic) 2.0 x 10 g/kg

- 44-.? -

Table CXm,

2.4 kg

AdiSll&LgBSlm (2l;
Glass : 7 7 min
Silicone: 10 10 min
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Animal Experiments.

Table CXXXII

M—2 22nd August 1951

2*9 kg

Ohr

Ohr 32min
to
Ihr 2ain

ihr l6rain

lhr 47min

2hr 29min
to 30min

2hr 38mln

2hr 5Bmin

4hr 23inln

5hr 7mln
to 8min

5hr 24iain

Veterinary Nembutal 2.0 gr„
Little excitement previous to anaesthesia

Exposure of R St L femoral arteries for arterial
punctures for Lee St White slotting times in
glass tubes and in silicone-coated glass tubes

Arterial puncture (l)s
Glass j 7 7 8 8
Silicones 11 11 12 12

o

Platelet count 472,000/mm

Arterial puncture (2):
Glass s 8 8 8 10
Silicones 13 13 13 13

3
Platelet count 474>000/mm

Adrenaline (natural) 1.0 x 10

ATMfol poaotur? (3)1
Glass s 8 9 9 9
Silicones 16 16 16 17

Platelet count 446»000/mm

Veterinary Nembutal 0.5 g*6>

AX^rjal punpture (4) s
Glass s 7 8 8
Silicones 14 14 15 16

mean ?§• min
mean llg- min

mean 8|- min
mean 13 ain

mean 8l min
mean l6i min

mean

mean

ain
min

Adrenaline (natural) 1.0 x 10 g/kg

Arterial puncture (5)s
Glass s 6 6 7
Silicones 11 14 16 16

Platelet count jybQ,000/m?

mean 6J- min
mean 14i min

5hr 25:nin Died



CaL^

Ohr

Ihr 15min
to 30min

Ihr 3Bmin

2hr A7min

3hr 26min
to 27min

3hr 30min

3hr ^Boin

5hr 4-Omln

MssjLS$eetiisa6fi«

W& inm* mi

Veterinary Nembutal 3«° gr.
No excitement previous to anaesthesia

Exposure of R & L femoral arteries for arterial
punctures for Lee & White clotting times in
glass tubes and in sllicone-coated glass tubes

jrterj^ puncture (l):
Glass i 13 14-
Silicone: 29

Ayt^ri^L puncture (2):
Glass njl6
Silicone: 22.

Adrenaline (natural) 2.0 x 10

- AA5 -

Table CXKXIII

2.9 kg

mean 1J& min
29 min

mean 15 min
22 min

—6 .

Artery puncture
Glass : 14. 15
Silicone: 20 20

ill'
mean 14|- min
mean 20 ain

Artpr^al puncture
Glass : 9
Silicone: 11

sa>
9 min

11 min

Art^yi,^! picture
Glass : 12
Silicone: 17

i5l«
12 min
17 min



— 446 —

TeMq cxmv

2.2 kg

, fogqr^ents.

Augupi^ taa

Ohr
Ohr 35min

Ohr 4-dmin
to
lhr 30min

3hr 35min

4hr 3nin

4hr 33min
to 34min

4hr 40min

4hr 48min

5hr lain

5hr 32min
to 33ain

5hr 39min

5hr 45min

Veterinary Nembutal 1.5 gr.
Veterinary Nembutal 0.5 gr.
Induction of anaesthesia prolonged

Exposure of R & L femoral arteries for arterial
punctures for Lee & White clotting times in
glass tubes and in silicoj ^-coated glass tubes

Veterinary Nembutal 0.5 gr.

&^erial pqnctqre (l):
Glass : 14 14- mln
Silicone: 25 25 min

3
Platelet count 426,000/mm

-,,6
Adrenaline (synthetic) 2.0 x 10~ g/kg

Arterial puncture (2)s
Glass : 18

Artert^ puncture (?):
Glass : H-
Silicone: 23

Platelet count 434->O0O/mm

18 min

14 min
23 min

Arterial puncture (4.):
Glass : 15 15 min
Silicone: 17 17 min

o

Platelet count 4-30,000/mm

Adrenaline (natural) 2.0 x 10 ^g/kg
Arterial puncture (5):
Glass : 16 16
Silicone: 22 22

3
Platelet count 44-0#000/mm

Arterial puncture (6):
Glass: 1618
Silicone: 25 26

mean 16 min
mean 22 lain

mean 17 min
mean 25a min

Q

Platelet count 432,000/mm"'
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Animal Experiments.

Table CXXXIV cont'd

Cat 5 (cont'd)

6hr 23min
to 24min

6hr 31min

4MB ^
Adrenaline (natural) 1,0 x 10 g/kg

7hr lmin
to 2min

7hr 13min

7hr 20min

7hr 45min

7hr 59min

Arterial puncture (7)s
Glass s 15
Silicone J 18 18

Platelet count 428,000/mm

15 min
mean 18 min

-5
Adrenaline (natural) 1.0 x 10 g/kg

Arterial puncture (8);
Glass t 10 10 min
Silicone! 11 11 min

3
Platelet count 436,000/mm

Arterial puncture (9):
Glass s 8 8 min
Silicones 9 9 min

Arterial puncture (10)t
Glass : 13 13 min
Silicone: 14. 14. min



m Anjjaa^Egnerimentp.

Cat 6

Tabje Offiff/

2.4 kg

29th August 1951

Ohr

Ohr 20min
to
Ihr 20min

Ihr 25min
to 4-Omin

2hr 4-5®in

3hr 12min

Veterinary Nembutal 2,5 gr.
Gross excitement previous to anaesthesia

Exposure of E & L femoral arteries for arterial
punctures for Lee & White clotting times in glass
tubes and in silicone-coated glass tubes

Exposure and division of E splanchnic nerve in
abdomen

Arterial puncture (l):
Glass t 29
Silicones 22

Platelet count 404,000/nim"

Arterial puncture (2)s
Glass s 23
Silicone: 26

Platelet count 412,OOO/mm"

29 min
22 min

23 min
26 min

3hr 43min
to 46min

3hr 52min

4hr 39min

5hr 33min

5hr 59min

6hr 33min

Stimulation of distal end of B splanchnic nerve
divided in abdomen

Arterial puncture (3)J
Glass 1 16 16
Silicones 19

Arterial puncture (4):
Glass s 11
Silicones 15

Arterial puncture (5):
Glass s 21
Silicones 26

Arterial puncture (6):
Glasss 16
Silicones 19

Arterial puncture (7)t
Glass s 13
Silicones 19

mean 16 min
19 min

11 min
15 min

21 min
26 min

16 min
19 min

13 min
19 rain



Ohr

Ohr l6min
to 41min

Ohr 41min
to
Ihr 6min

lhr 26mia

lhr 26min
to 56min

3hr 21min

3hr 57min

5hr 29min

5hr 5Bmin
to 59min

6hr lQmin

6hr 31min

Afiiaal ifrperlmentp.

6th September 1951

Veterinary Nembutal 2.1 gr.
Little excitement previous to anaesthesia

Exposure of R femoral artery for arterial
punctures for Lee & White clotting times in
glass tubes and in silicono-coated glass tubes

Exposure and division of R splanchnic nerve in
abdomen

- 449 -

Table CXXTVI

3*1 leg

Veterinary Nembutal 0,5 Sr»

Exposure of L femoral artery for arterial
punctures for Lee & White clotting times in
glass tubes and in silicone-coated glass tubes

Arterial puncture (1):
Glass J 11 13
Silicone: 16

mean 12 sin
16 sain

Arterial puncture (2):
Glass $ 10 11
Silicones 11 13

Arterial puncture
Glass : 11 11
Silicone: 24-

J2i
12

mean 10-t mill
mean 12 min

mean ll£ min
24. min

Stimulation of distal end of R splanchnic nerve
divided in abdomen

Arterial puncture
Glass : 7 7
Silicone: 15 20

Arterial puncture
Glass : 9 10
Silicone: 13

IflJL'
9

(5):

mean 7§ min
mean 17g- min

mean 9Jr min
13 min

6hr 51min Died



451 Animal Experiments*

Tabic CXDCvTI

Cat 8 7th September 1951

2.7 kg

Ohr Veterinary Nembutal 2.4 gr.

Ohr 5min Exposure of R & L femoral arteries for arterial
to punctures for Lee & White clotting times in
lhr 15min glass tubes and in silicone-coated glass tubes

Exposure and division of L sciatic nerve in
thigh

2hr 7min Arterial puncture (l):
Glass j 13 14 16 16 mean I4f nin
Silicone: 21 22 mean 2li min

White blood cell count 10,400/mm^
2hr 34®in Arterial puncture (2)i

Glass s 10 10 min
Silicone: 19 19 min

White blood cell count 10,700/mm

3hi" 2Srain Arterial puncture (3):
Glass i 11 11 min

3hr 56min Stimulation of proximal end of L sciatic nerve
to 56liain in thigh

3hr 59min Arterial puncture (4):
Glass s 12 12 min
Silicone: 12 12 min

4hr 17min Arterial puncture (5):
Glass : 10 10 min

4hr 37min Veterinary Nembutal 0.5 gr.

4hr 41mi:i Arterial puncture (6):
Glass : 7 7 min

5hr 5min Exposure and division of L splanchnic nerve
to 29min in abdomen

5hr 15min Veterinary Nembutal 0.5 gr.

5hr 30min Arterial puncture (7):

White blood cell count 10,200/mm^
6hr 5min Arterial puncture (G):

Glass : 9 9 min
Silicone: 11 11 min



U51 -
Animal Experiments.

Tabic CXXXvII cont'd

Gat 8 (aont'd)

6hr 19min Stimulation of distal end of L splanchnic nerve
to 2Obtain divided in abdomen

6hr 25min Arterial puncture (9):
Glass ; 7 7 mean 7 min

6hr 3Amin Arterial puncture (10):
Glass ;6 6 min
Silicone; 8 8 min

White blood cell count 15>600/mm^
7hr 3Gain Arterial puncture (11);

Glass a 7
Silicone; 9

7
9

min
min
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Anfr^al Experiments.

'fable crnviyi

Gat 9 2nd October 1951

2.4 kg

Ohr Veterinary Nembutal 2.0 gr.
Little excitement previous to anaesthesia

2$min Exposure of L femoral artery for arterial
to 4G»itt punctures for Lee & White clotting times in

glass tubes and in siiieone-coated glass tubes

Ihr 5Ctain Arterial puncture (1)i
Glass s 9 9 mean 9 min
Siliconei 15# 15 mean 15i min

*£ Adrenaline (natural) 2.0 x 10~*^g/kg
2hr 3Qmin Arterial puncture (2):

Glass J 7 7 min
Silicone: 10 10 min

(No subsequent readings because respiration
irregular)
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Animal Experiments

Table CXXXIX

26th October 1951

4-*S kg

Ohr Veterinary Nembutal 4»0 gr.
Little excitement previous to anaesthesia

Ohr 2GSain
to
lhr 5iain

Exposure and division of L splanchnic nerve in
abdomen

Ihr 5®i»
to 20min

4hr l6min

4.hi- 51ain

Exposure of R & h femoral arteries for arterial
punctures for Lee & White clotting times in
glass tubes and in silicone-coated glass tubes

Arterial puncture (X)»
Glass s 11 13
Silicone: 11

Platelet count $SOfOOQ/ma.?
Eosinophil count 278/mia

Blood dextrose 174- *ag$

Arterial puncture (2):
Glass i 11 12

Platelet count 582,000/mid
Eosinophil count TJjJxm

mean 12 min
11 sin

mean 114- min

5hr 13min Stimulation of distal and of L splanchnic nerve
to I8min divided in abdomen

5hr 23min

5hx 53min

6hr 2$min
to 4-7min

6hr 48min

AStegLal pyncturc^QI:
Glass s 11 12

Platelet count 576,000/mmo
Eosinophil count 162/ram

Blood dextrose 160 mg$

Arterial puncture (A)t
Glass s 12 14.

Platelet count 579#000/mm^
Eosinophil count 152/mnr

mean 11§- min

mean 13 min

Exposure of R splanchnic nerve in abdomen

Arterial punoture^Jj]!:
Glass J 12 12 ,

Platelet count . 532,OQ9/nun3
Eosxnophil count 12o/nm

mean 12 min
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Table CXXXIX cont'd

Cat 10 (cont'd)

7hr 7min Haemorrhage from R femoral artery 20 ml

mean 12 min
7hr 2(tain Arterial puncture (6):

Glass i 11 13

Platelet count 581,000/nm.
Eosinophil count 139/ao

Blood dextrose 440 mg#

7hr 43min Haemorrhage from puncture of aorta 30 ml

7hr 45iain Arterial puncture (7)»
Glass : 11 11 min

Platelet count 577,000/mm?
Eosinophil count 136/mm



Cafe.

Ohr
to 30min

4-Orain

55ffiin
to
Ihr 30rrdn

lhr 30min
to 35mln

Ihr 35Hiin

2hr 4min
to 6min

2hr lOrain

3hr 3min
to 4min

3hr 9min

3hr 12oin

3hr 28min

4-hr 55min

Animal Expea'lraents.

Table CXL

1st Hovenber 1951

4..0 kg

Etherisation under bell-jar
Partially asphyxiated by position under bell-jar
produced by excitement during anaesthesia

Intubation of larynx
Artificial respiration begun

Exposure and division of L splanchnic nerve in
abdomen

Exposure of R & L femoral arteries for arterial
punctures for Lee & White clotting times in
glass tubes and in silicone-coated glass tubes

Arterial puncture (l);
Glass * 13 14- mean 13a min

Platelet count 503,000/mm~
Eosinophil count 455/mm

Stimulation of distal and of L splanchnic nerve
divided in abdomen

Arterial puncture (2):
(Ease > 13 14- mean 13|- min
Silicone: 20 20 min

*1

Platelet count 49o,000/mm„
Eosinophil count 496/msr

Adrenaline (synthetic) 2.5 x 10 ^g/kg

Arterial puncture (3):
Glass ; 12 12 min
Silicone: 14 14 min

Platelet count 49B,000/inm|
Eosinophil count 367/mm
Arterial puncture (4):
Glass : 11 13 mean 12 min
Silicone: 13 14 mean 13g- min

Arterial puncture (5):
Glass : 11 11 min
Silicone: 18 18 min

Haemorrhage from R carotid artery 30 ml
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Cat 11 (cont'd) Table CXL cont'd

5hr 23min Arterial puncture (6)?
Glass i 9 10 mean 9k
Silicone: 13 13 min

3Platelet count 520,000/kieo
Eosinophil count 97/mm

5hr 53min Arterial puncture (7):
Glass s 11 11 min

o

Platelet count 496,000/mm^
Eosinophil count 92/mm

7hr 25min Arterial puncture (a):

Platelet count A9A}000/msu
Eosinophil count ll/mm

7hr 30min Died



Cat 12
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Table CXLI

2.7 kg

9th November 1951

Ohr
to 7min

Ohr lOndn
to 35®ln

35min
to AOmin

42rain

lhr 5min

Ihr 5min
to 30min

lhr 50min

2hr 26min

2hr 4Ctain

3hr 9min

5hr 13min

5hr 46ain

5hr 56ndn

Etherisation tmder bell-jar
Great excitement for one minute during
anaesthesia

Exposure and division of L splanchnic nerve in
abdomen

Removal of R adrenal gland

Exposure of R femoral artery for arterial
punctures for Lee & White clotting times in
glass tubes and in silicone-coated glass tubes

Arterial puncture (l):
Glass : 11 12 13
Silicone: 20 20 21

Intubation of larynx
Artificial respiration begun

mean 12 min
mean 20| min

Exposure of L femoral artery for arterial
punctures for Lee & White clotting times in
glass tubes and in silicone-coated glass tubes

Aptprjal punctur? [yLi
Glass : 12 12 min

Adrenaline (natural)

Arterial puncture (3):
Glass : 11
Silicone: 18

Arterial mmcture (A):
Glass : 10

Arterial mmcture (5):
Glass : 12
Silicone: 19

—6 .

2.0 x 10 gykg

11 min
18 min

10 min

12 min
19 min

Haemorrhage from R carotid artery 15 ml

Arterial puncture (6):
Glass : 7 7 min
Silicone: 10 10 min

6kr 35min Died



Cat 13

Ohr

8min
to 4-Smin

55min

lhr 3min
to 8min

lhr 12min

2hr 2min
to 3min

2hr 22min

2hr 38mln
to 4-3min

5hr 48min

6hr 12min
to 13nri.ni

6hr 19®in

6hr 4£min
to 4-9nri.ii

7hr lain

~ 4-58 —

Animal Experimental

ftsblo CXLII

23rd November 1951

3.7 kg

Etherisation under bell-jar
Great excitement for one minute during
anaesthesia

Exposure and division of R & L splanchnic nerves
in abdomen

Intubation of larynx
Respiration spontaneous

Exposure of R femoral artery for arterial
punctures for Lee & White clotting times in
glass tubes and in silicone-coated glass tubes

Arterial puncture (l):
Glass : 13 14- mean 13t min
Silicone: 25 25 min

Adrenaline (natural) 2.0 x 10 ^g/kg
Arterial, puncture fe):
Glass s 14. 14- oin

Exposure of L femoral artery for arterial
punctures for Lee & White clotting times in
glass tubes and in silicone-coated glass tubes

Arterial puncture (3):
Glass : 13 13 min

—6
Adrenaline (natural) 2.0 x 10 g/kg

Arterial puncture (4.):
Glass t 11 11 mean 11 min
Silicone: 18 18 min

„5
Adrenaline (natural) 2.0 x 10 g/kg

Arterial puncture j&t
Glass » 11 11 min
Silicone: 21 21 min

7hr 38min Died



Cat 14
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Table CXLIII

3.6 kg

An-! nal Experiment3.

December

(Sir

45min
to
2hr 9min

2hr 9min

2hr 53sin

3hx 20min

3hr 33ain

3hr 50®in

4hr Brain

Veterinary Nembutal 3.6 kg
Little excitement previous to anaesthesia

Exposure of R & L femoral arteries for arterial
punctures for Lee & White clotting times in
glass tubes and in silicone-coated glass tubes
Exposure of R & L carotid arteries for arterial
punctures to produce haemorrhages. Also Lee &
White times in haemorrhaging blood

ill'Arterial picture
Glass : 13 16
Silicones 32 40

Platelet count A30,OOO/icsu
Eosinophil count 64/mm

mean 14g" min
mean 36 min

12):Arterial pqncture
Glass s 11 12
Silicones 23 25

Haeraatocrit 1£$

Arterial puncture (3):
Glass s 11

Arterial puncture (A):
Glass : 9

Veterinary Nembutal 1.0 kg

Arterial puncture (5):
Glass : 9

mean llg- min
mean 21, min

11 min

9 min

9 min

5hr 17min Haemorrhage from L carotid artery 14 ml

Universal container sample
Glass : 13 14
Silicone: 20 21

Syringe-barrel sample t-
Glass : 11 13 14
Silicone: 21 22 25

mean 13f min
mean 20o- min

mean 12|~ min
mean 22f min

Platelet count 400,Q00/i
Eosinophil count

K)0/mm,
46/am

Haematocrit 36$
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Artiroal Experiments.

Table CXLIII cont'd

Cat 1L (cont'd)

5hr 53min Arterial puncture (6):
Glass s 9
Silicones 17

9 min
17 min

6hr 12min Haemorrhage from L carotid artery 9 ml

Universal container samples-
Glass s 11 13
Silicones 20

mean 12 min
20 min

Syringe-barrel sample s-
Glass s 16 17 17
Silicones 19 20

Haematoerlt 3&%

6hr 50min Arterial puncture (7)s
Glass s 11 13 13
Silicones 12 15 17

7hr I6min Arterial Tmncture (8)s
Glass s 12

mean

mean

mean

mean

I6f min
19t min

min

14f min

12 min

7hr 50min Haemorrhage from L carotid artery 30 ml

Haematocrit 3%
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Animal Experiments.

Table CXLIV

Gat 15 10th December 1951

3.2 kg

Qhr Veterinary Nembutal 3.2 Sr*
Little excitement previous to anaesthesia

3Gmin Exposure of R & L carotid arteries
to Exposure of R & L femoral arteries
Ihr 30min Haemorrhages produced by arterial punctures for

blood counts9 haematocrits and Lee & White
clotting times in glass tubes

lhr 45irdn Haemorrhage from R carotid artery 20 ml.

Platelet count 357»000/mm|
Eosinophil count 167/war

Haematocrit 27%

5hr Haemorrhage from R carotid artery 5 ml.

Platelet count 343»000/mm^
Eosinophil count 168/nm

Haematocrit 30£

5hr 20min Haemorrhage from L femoral artery 5 ml.

Platelet count 341j000/mia^
Eosinophil count 16%/ma?
Haematocrit Zli

6hr 26min Haemorrhage from R femoral artery 5 ml.

Glasss 10 10 mean 10 min

Haematocrit 27%

6hr 35min Haemorrhage from R femoral artery 5 ml.

Platelet count 344»000/iam^
Eosinophil count 116/ram
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Animal Experiments.

Cat 16 11th December 1951

3.2 kg

Ohr

40rain

45fflln
to
lhr 55min

2hr IQmin

2hr 15min

Vet rinary Nembutal 3.2 gr.
Veterinary Nembutal 1.0 gr.
Little excitement but induction of anaesthesia
prolonged

Exposure of R & L carotid arteries
Exposure of R & L femoral arteries
Haemorrhages produced by arterial punctures for
blood counts, haematocrits, and Lee & White
clotting times in glass tubes and in silicone-
coated glass tubes

Platelet count 304.,000/mm^
Eosinophil count 115/war

Haemorrhage from R femoral artery 15 ml.

Haematocrit 22%

2hr 31min Haemorrhage from R femoral artery 15 ml.

Glass t 12 13
SiliconeJ 15

mean 12-^ min
15 min

5hr 26min Haemorrhage from E carotid artery 6 ml,

6hr

Glass : 12 12
Silic one s 12 13

Platelet count 309,000/mm^
Eosinophil count 127/mm?
Haematocrit 22%

Haemorrhage from R carotid artery

Glass 5 11 11 11
Silicones 15

Platelet count 309,000/mm^
Eosinophil count 127/mm?

mean 12 min
mean 12-V min

mean 11 min
15 min

Haematocrit 18$
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ABtoL feeriaeni^s.

Table, (?M.

Cat 17 X7th December 1951

2.9 kg

Ohr Veterinary Nembutal 2.9 sr.
Little excitement previous to anaesthesia

4'0min Exposure and division of R & L splanchnic nerves
to in abdomen
Ihr 4>0min Exposure of R & L femoral arteries for arterial

punctures for Lee & White clotting times in glass
tubes and in silicone-coated glass tubes

5hr 45min Arterial puncture (l);
Glass i 9 12 mean 1C% min
Silicones 14 14 mean 14 min

Platelet count 394»O00/ma^
Eosinophil count 83/wn?

6£ ISn Adrenaline (natural) 2.0 x lCf^g/kg
6hr l6min Arterial puncture (2)s

Glass s 12 12 min
Silicones 10 10 min

Platelet count 3d2,000/mm^
Eosinophil count 76/miP

6hr 55min Arterial puncture (3)s
Glass s 12 12 min
Silicones 14 14 min

Platelet count 390,OOO/ms^
Eosinophil count 58/mm3

i

<
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Animal Experiments

MlM Tab!a CXLVII 30th January 1952

3.3 kg

Ohr Veterinary Nembutal 3.0 gr.
Little excitement previous to anaesthesia

lOmin Exposure and preparation of R & L femoral
to 4-Oain arteries for withdrawals for Cannon-Mendenliall

clotting times
(measured at 25°0)

45min Cannon-Mendenha3.1 clotting time (1) A min

Ihr 25®in Gannon-Mendenhall clotting time (2) 10 min

lhr 50min Cannonr-Mendenhall clotting time (3) 83 min

2hr 55min Gannon~Mendenhall clotting time (A) 8 min

5hr ^jain Cannon-Mendenhall clotting time (5) 5§- min

"*to 25min A(irenaline (synthetic) 2.0 x 10""^g/kg
5hr 35min Oannon-Mendenhall clotting time (6) 14. min

5hr 55min Cannon-»Menjenhall clotting time (7) 5 min

t ^min Adrenaline (synthetic) 2.0 x lCT^g/kg
6hr llmin Gannox>-Mendenhall clotting time (8) 12ns min

6hr 24min Cannon-Mendenhall clotting time (9) 83- min

6hr 4^min Cannon-Hendenhall clotting time (10) 3f min



Animal Experiments,

ffat 1? Ath February 1952

2.5 kg

Ohr Veterinary nembutal 2*5 £r-
Little excitement previous to anaesthesia

lOrain Exposure and preparation of R femoral artery for
to 30min withdrawals for Oannon-Mendenhall clotting times

(measured at 25°G)

Almin Gannon-Mendenhall clotting time (1) 8-|- min

58min Gannon-Mendenhall clotting time (2) 9 min

lhr
to

22min
23min

Adrenaline (synthetic) 2.0 x 1CT^ gAg

lhr 28min Oannon-Mendenhall clotting time (3) 15 rain

Ihr 51min Cannon-Mendenhall clotting time (a) 5 min

2hr lOiain Gannon-Mendenhall clotting time (5) % rain

Ahr 5min Veterinary Nembutal 0.6 gr.

Ahr 36min Gannon-Mendenhall clotting time (6) 13 rain

5hr 8min Cannon-Mendenhall clotting time (7) 22§- rain

5hr
to

A8ain
A9min Adrenaline (synthetic) 1.5 x lGT^ gAg

5hr 56min Cannon-Mendenhall clotting time (8) 19 min

6hr 26min Cannon-, endenhall clotting time (9) 6k

A

rain

6hr Almin Cannon-Mendenhall clotting time (10) rain
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Animal Experiments.

Table CXLIX

Gat 20 14.th February 1952

3*0 kg

Ohr Veterinary Kembutal 3,0 jr.
Ho excitement previous to anaesthesia

lOmin Exposure and preparation of L femoral artery for
to 50min withdrawals for Cannon-Mendenhall clotting times

(measured at 25°C)

50min Cannon-Mendenhall clotting time (l) 8 min

2hr 7min Cannon-Mendenhall clotting time (2) 12k min

2hr 29min Cannon-Mendenhall clotting time (3) 5k min

3hr
to
4hr

37min

lmin

Exposure and preparation of R femoral artery for
withdrawals for Gannon-MendenhaLl clotting times
(measured at 25°C)

4hr 2min Cannon-Mendenhall clotting time (A) Ak min

4hr 6rain Cannon-Mendenhall clotting time (5) > 25 min

4hr 34^iin Gannon-Mendenhall clotting time (6) Ak min

Ahr 4.6min Cannon-Mendenhall clotting time (7), 8 min

5hr l6min Cannon-Mendenhall clotting time (8) 3k min

5hr 35min Cannon-Mendenhall clotting time (9) 10 min



Gata

3*1 kg

Ohr Veterinary Nembutal 3.0 gr.
Little excitement previous to anaesthesia

2hr Exposure and preparation of R & L femoral arteries
to for withdrawals for Cannoa-Mendenhall slotting
2hr lOmin times (measured at 30°G)

3hr 56a in Cairaor^i&ndenhall clotting time (1) 9 min

JJax 14min Cannoa-Mendenhall clotting time (2) 7k min

*to ffeSn Adrenaline (synthetic) 2.0 x 1Cr7g/kS
ttuc 42min Cannoa-Hendenhall clotting time (3) 3 min

4hr 5Qmin Canpon-MeMeahall clotting time U), >£• min

5hr ISmin Veterinary Nembutal 0.4- gr.

5hr 26min Cannon-xfendenhall clotting time (5) 6 min

6hr 17min SqnnoiHfefifenfeai clotting tjae (6) min

6hr 31niin CamoifMendenhall clotting time (7) 5k min

6hr 44min Gannon-Mendenhall clotting time (S) 5 min

Animal Experiments.

IMsJSL

28th February 1952
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Animal Experiments.

•MkiMiL

Sat-22 8th April 1952

3.8 kg

Ohr Veterinary Nembutal 3.0 gr.
Great excitement for one minute previous to
anaesthesia

25min Exposure and preparation of R & L femoral arteries
to 50min for withdrawals for Cannon-Mendenhal1 clotting

times (measured at 30°C)

lhr 19min Gannon-Mendenhall clotting time (l) 6k min

White blood cell count 9,500/mm^
lhr 40min Ctmnon-Mendenhall clotting time (2) Ak min

White blood cell count 8,500/am--'

2hr 14min Caanon-Mendenhall clotting time (3) 5 min

2hr 32min Veterinary Nembutal 0.50gr.
2hr 4_5min Veterinary Nembutal 0.25gr.

2hr 55min Gannon-Hendenhall clotting time (A) A min

^to I2n A*C'T»H* O.Al'mg equiv'/kg
3hr 9min Gannon-Mendehhall clotting time (5) 3 min

3hr l6min Gannon-Mendenhall clottin : time (6) 3a min

3hr 24min Oannon-Mendenhall clotting time (7) 2 min

3hr 35min Gannon-Mendenhall clotting time (8) Az min

3hr 57min Gannon-Mendenhall clotting time (9) 8|- min

4br llmin Veterinary Nembutal 0.5 gr.

4hr 26min Gannon-Mendenhall clotting time (10) 2 sain

4hr 44min Gannon-Mendenhall clotting time (11) min

5hr 45min Gannon-Mendenhall clotting time (12) 3 min

6hr 2min Gasmon-Mendenhall clotting time (13) A min

6hr 22ain Cannon-Mendenhall clotting time (1A) 7 min

6hr 38min White blood cell count 8,35Q/mia2



Gat 23

Ohr

17rain
to 52min

lhr 2Gmin

Ihr 4-Ctoin

2hr 2min

2hr Lorain

2hr 58min

3hr ISmin

3hr 37snin
to 3Bmin

3hr 4.1mln

4hr 6rain

4hr 13min

5hr 4min

5hr 24raln

5hr 52min

5hr 58min

6hr 20min

6hr 27min
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Animal Experiments.

Table CI,II

10th April 1952

3.0 kg

Veterinary Nembutal 2.5 gr.
Little excitement previous to anaesthesia

Exposure and preparation of E & L femoral arteries
for withdrawals for Cannon-Mendenhall clotting
times (measured at 30°C)

Cannon-riendenhall clotting time (l) 4. min

White blood cell count 10,35Q/nua3
Eosinophil count '60/mm?
Gannon-Mendenhall clotting time (2) 6§- min

Cannon-Mendenhall clotting time (3) 9j min

White blood cell count 11,150/mm^
Eosinophil count 78/mr

Cannon-Mendenhall clotting time (4.) 8 rain

Gannort-Mendenhall clotting time (5) 13| min

Gannon-Mendenhall clotting time (6) 12 min

A.C.T.H. 0.81'mg equiv'/hg

Cannon-Hendenhall clotting: time (7) 18|- rain

Oarmon-Kendenhall clotting time (8) 2|- min

Gannon-Mendenhall clotting time (9) 7£ min

Eosinophil count 76/mra3
Gaanon-Mendenhall clotting time (10) 1Q§- min

Cararon-Mentienhall clotting time (11) 10 min

Eosinophil count 76/mm

Oannonr-Mendexihall clottin time (12) 7jr rain

Cannon-Mendenhall clotting time (13) 4 min

Died



C-t 2A

Ohr

Ohr 20rain
to
lhr 2Qmin

lhr 3Ctein

2hr 2Grain

2hr 25min

3hr Amin

3hr 35min

3hr 3Bmln
to 39min

3hr 42min

4hr l6min

4hr 33rain
to 36min

4iir 37mia

5hr lOmin

5hr 25min

5hr 4-Ctoiin
to 41min

5hr 4,7mia

$hr 54min

6hr I2sdn
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Animal Experiments.

Table CLIII

16th April 1952

3*3 kg

Veterinary Hembutal 2«5gr.
Great excitement previous to anaesthesia

Exposure and preparation of R & L femoral arteries
for withdrawals for Gannon-Mendeahall clotting
times (measured at 30°C)

Cannon-»Mende^hall clotting time (1) 29 min

Gannon-Mendenhall clotting time (2) 8 min

Veterinary nembutal 0*5gr.

Gaimon-Hendenhall clotting time (3) 25 min

Veterinary Hembutal 0*5 gr.

Saline 0.9$ 0*5 ml.

CannorifMendenhall clotting time ('.) 10 min

Cannon-Mendenhall clotting time (5) 11 min

Saline 0*9$ 0*5 ml.

Oannon-Mendenfaall clotting time (6) 20 min

Cannon-Mendenhall clotting time (7) 14 min

Veterinary Nembutal 0.25 gr.

A.G.T.H. l»41lmg equiv'/kg

Cannon-MeRdeahall clotting time (8) 3 min

Cannon-MendenhaLl clotting time (9) 6 mln

Cannon-Mendenhall clotting time (10) min
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Animal Experiments*

Tattle cmy

Gat 26 JL7th April 1952

4.0 kg

Ohr Veterinary Nembutal 3.0 gr.
Little excitement previous to anaesthesia

lhr 43min Veterinary Nembutal 0.5 gr.

lhr
to
2hr

45min

5min

Exposure and preparation of R & L femoral arteries
for withdrawals for Cannon-Mendenhall clotting
times (measured at 30°C)

2hr 5min Gannon-Bendenhall clotting time (1) IB min

2hr 38min Cannon-Mendenhall clotting time (?) 18£ min

3hr
to

Qmin
lain

Saline 1.0 ml.

3hr Badn Veterinary Nembutal 0.5 ST.

3hr 12min Cannon-Mendenhall clotting time (3) 3i min

3hr l6min G^inpn-l^pd^nhall clotting time (4) 3 min

3hr 31mln Gannon-Mendenhall clotting time (5) min

3hr 44®in Cannon-Mendenhall clotting tiiae (6) 10|- min

3hr
to

43min
49min Saline 0.9$ 1.0 ml.

Ahr liain Cannon-Mendenhall clotting time (7) 9 min

4hr 7min Veterinary Nembutal 0«5 21"*

4hr 14min Gannon-Mendenhall clotting time (8) 9 min

4hr
to

27min
2Bmin A.G.T.H, 0.45'mg equiv'/kg

4hr 32min Garmon-Mendenhali clotting time (9) 6rain

4hr 42min Cannon.-Mendenh.all clotting time (10) 2b~ min

4hr 47min Gannon-Mendenhall clotting time (ll), 4s min

5hr Omin Cannon-Mendenhall clotting time (12) 7 min

5hr lQtain Carmon-Mendenhall clotting time (13) 7 min
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ArtMaal %»3?qriqfflats,

t^e TOT WftVfl

Gat 25 (cont'd)

5hr I5min Veterinary Nembutal 0.5 gr.

5hr 21min Gaimon-Mendenhall dotting time (l£) ££ rain

5hr 30min Cannon-Mendenhall clotting time (15) 10k min
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Animal Etoeriiaents»

We cm

Systemic Effects of Intravenous Injections of Adrenaline
(synthetic) in the Gat

Cat 26 5th March 1952

3.8 kg

Ohr Veterinary Nembutal 3.0 gr.

20min Heparin lOOOu./ml., 2.0 ml.

to
22min
45min

Exposure of R & L femoral arteries
Cannulation of ft carotid artery-

59min Blood dextrose (l) 114.

Eosinophil count 56/mm3
Platelet count 290,000/mm3

Un¬
to

14xain
15ain

Pulse rate 170/min
Respiration rate 9/min

Un¬
to

0

0

Pulse rate 182/rain
Respiration rate 11/vd.xx

Xhr 27min Eosinophil count 57/mra3
Platelet count 296,000/mm3

lhr 32min Pulse rate 180/min
Respiration rate ll/min

lhr 37min Pulse rate 18o/min
Respiration rate 10/min

lhr 42min Blood dextrose (2) 149

lhr
to

51min
52min

Pulse rate 180/min
Respiration rate ll/mln

lhr 52min Adrenaline (synthetic) 2.0 x 10"^g/kg
Pulse rate 180/min
Respiration rate 12/min

lhr 54min Blood dextrose (3) 194

lhr
to

54®in
55min

Pulse rate 180/rain
Respiration rate 13/min

lhr 57min Blood dextrose (4) 167 mg$
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W? <%V <*>^'3

Cat 26 (cont'd)

2hr 2min Pulse rate 170/min
Respiration rate 10/min

2hr 5min Blood dextrose (5) 216

2hr lOmin Pulse rate 176/rnin
Respiration rate ll/®in

2hr 15min Pulse rate 180/min
Respiration rate ll/nin

2hr 25min Pulse rate 176/min
Respiration rate 12/min

2hr 28min Blood dextrose (6) 176

2hr 36min Pulse rate 178/rain
Respiration rate 13/min

2hr 37min Adrenaline (synthetic) 2*0 x ICT^g/kg
Pulse rate 132/min
Respiration rate 14/min

2hr 38min Pulse rate 176/niin
Respiration rate 14/min

2hr A3ain Blood dextrose (7) 198/in§$

2hr /7min Pulse rate 178/min
Respiration rate 14/min

2hr 55min Blood dextrose (8) 158 mg£

3hr 57min Pulse rate 180/min
Respiration rate 19/min

/+hr Blood dextrose (9) 323

4.hr 2min Pulse rate 166/min
Respiration rate 20/min

Ahr lOmin Pulse rate 165/iain
Respiration rate 19/min

4hr l6min Pulse rate 171/min
Respiration rate 18/min

Ahr 17min Adrenaline (synthetic) 2.0 x l<J~5g/kg
Pulse rate 143/min
Respiration rate 14/min
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Cat 26 (cont'd)

4hr 18min Blood dextrose (10) 427

4hr 23min Pulse rate 166/rain
Respiration rate 18/min

4hr 29min Blood dextrose (11) " 382 mg£

4hr 33min Pulse rate 172/tola
Respiration rate 16/min

4hr 35min Eosinophil count 73/mm3
Platelet count 328,000/mm3
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Experiments.

mm
P?fi l 8th June 1951

Mongrel 9.7 kg

Ohr Veterinary Nembutal 9.0 gr.
Little excitement previous to anaesthesia

Ohr 5min Exposure of R femoral vessels for arterial
to lOmin punctures and venepunctures for Lee & White

clotting times in glass tubes ahd in silicone-
coated glass tubes

Ohr lOmin Venepuncture (l):
Glass : 9 10 10 mean 9f min
Silicones 17 18 19 mean 18 ain

Heparin Resistance test: (l) 26 (2) 18 min
heparin cones (l)to(4) (3) 12 (4) n.d.

Platelet eount 424»000/130""

Haematocrits 30 min - 47$, 60 min = 46$

Ohr 2Qmin Haemorrhage from R carotid artery 350 ml
to 40min

Ohr 4lrain y^pQpi^otpr^ (2);
Glass s$66 mean 5f min
Silicone: 7 7 7 mean 7 min

Heparin Resistance test: (l) 32 (2) 14 oin
(3) 11 (4) n.d.

O

Platelet count 342>0Q0/mm
Haematocrit: 30 rain = 52$, 60 min « 51$

Ohr 40min Haemorrhage from R carotid artery 150 ml
to
Ihr lQain

Ihr 12min Venc^tmctpre (3):

Heparin Resistance test: (l) 38 (2) 10 min
(3) 10 (4) n.d.

Platelet count 350»000/ram^
lhr 43min Venepuncture (4)s

Platelet count 372,000/mm^

I
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Experiments,

Dog 1 (cont'd)

2hr l6min Arterial puncture (l)t
Glass l 6 78
Silicones 14 18 19

Heparin Resistance tests

2hr 5Ctain Arterial puncture (2):

Platelet count 398,

mean 7 min
mean 17 min

(1) n«d. (2) 15
(3 13 (4) 11
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Mongrel 8.2 kg

Animal Experiments.

U%h August 1951

Ohr

Ohr lOmin
to 15iain

Ohr 20min

Veterinary Nembutal 6.0 gr.
Great excitement previous to anaesthesia

Exposure of L femoral artery for arterial
punctures for Lee & White clotting times in
glass tubes and in silicone-coated glass tubes

Ohr 45®in

lhr 25min

lhr 4-5min

Ihr 55min

2hr 12min

2hr l^rain

2hr 25min

2hr A5min

Ayt^rjal puncture (l):
Glass : 8 9 9 10
Silicones 11 12 15 15

Platelet count 630,000/mm^
Arterial puncture (2)s
Glass s 7 8 9 10
Silicones 16 18 21 21

3
Platelet count 608,000/mm

Arterial puncture (3)s
Glass s 8 9 10 11
Silicones 15 16 18 19

Platelet count 608,000/ram^
Arterial puncture [&) s

Glass s 8 8 8 8
Silicone: 17 17 20 20

3
Platelet count 582,000/mm

Dog shivering

Heart rate 87/min, beats strong

Arterial puncture (5)s
Glass s 7 8 8 9
Silicones H 15 16 17

Platelet count 606,000/mm^
(Blood observed to be blue)

Artificial respiration begun

Heart rate 100/ain, beats weak

mean 9 min
mean 13* min

mean 8|- nin
mean 19 min

mean 9a" min
mean 17 min

mean 8 tain
mean 18> min

mean 8:£ min
mean 15y- min
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Animal Experiments.

ccnt'j

Dog 2 (cont'd)

2hr 48min Arterial juncture (6)s
Glass s 8 8 8 9 mean
Silicone; 14 14- 15 mean

Platelet count 6l4#000/mm^
(Blood red again)

3hr 13min Heart rate 98/miii, beats strong

3hr 2&ain Arterial puncture (7);
Glass s 7 8 8 8 mean

Silicones 21 24 25 26 mean

Platelet count 600,000/mm^
3hr 44min Arterial puncture (8);

Glass s 8 8 9 9 mean
Silicones 16 17 19 20 mean

Platelet count 604,000/mm^
4hr 15ain Carotid artery cannulated for kymograph

Si lain
I4i min

7§ min
24 min

8-g- min
18 min

4hr 33min
to 34min

4hr 39min

-6
Adrenaline (synthetic) 1.0 x 10 g/kg

5hr 19min

$hr 38min
to 39min

5hr 42min

arterial puncture (9)s
Glass s 7 8 8 9
Silicones 18 19 22 24

3
Platelet count 586,0QQ/mm

Arterial puncture (10)s
Glass :7 8 8 9
Silicones 20 20 21 21

Platelet count 586,000/mr.i^
Adrenaline (synthetic) 1,0 x 10 g/kg

mean

mean

mean

mean

8 min

20f min

8 min

2C% min

6hr 14min

Arterial juncture (11)s
Glass s 6 7 7 8
Silicones 21 22 22 23

Platelet count 612,000/mm"

Arterial puncture (12)s
Glass s 7 7 8
Silicones 17 18 19

mean 7 min
mean 22 min

mean ?£ min
mean 18 min

*

Platelet count 604j000/mm>
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y<mi ygt >d

Dog 2 (cont'd)

^to Adrenal;5-ne (synthetic) 2.5 x 10~"^g/kg
6hr 42min Arterial puncture (13):

Glass t 6 6 6 7
Silicones 16 19 21 21

3
Platelet count 608,000/janf'

6hr 52ad.n Arterial puncture (1A) s
Glass s 7 7 7 S
Silicones 14 18 19 21

Platelet count 602,000/trmf5

mean 6§ ain
mean 19i min

mean 7i min
mean 13 min

7hr 18min Arterial puncture (15) s

Glass s 7 8 8 8
Silicone s 13 18 19 19

mean 7i min
mean 17i min
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Animal Experiments.

P9g ,3

Mongrel 20.0 kg

lAth January 1952

Bilateral section of greater splanchnic nerves in
abdomen

8th Feftyuary 1??2

Ohr Veterinary Nembutal 12#0 gr.
Little excitement previous to anaesthesia

Ohr 39min Exposure of L femoral artery for arterial
to 42min punctures for Lee & White clotting times in

glass tubes and in silicone-coated glass tubes

Ohr 4-2min Arterial puncture (l):
Glass > 10 11 11 mean lOf rain
Silicone: 13 14 mean lyk min

Cannois-Mendenhall clotting time 22^ min
(Blood from arterial puncture (l) )

Laryngeal spasmto 12min & 1

lhr l6min Arterial puncture (2):
Glass : 11 12 mean 11,V min
Silicone: 17 20 21 mean 19* min

Cannon-Mendenhall clotting time 24 min
(Blood from arterial puncture (2) )

lhr 21min Intubation of larynx
Respiration spontaneous# Hyperpnoea

Ihr 39min Veterinary Nembutal 1»5 gr.

Ihr 55min Arterjql ppnpture (3):
Glass : 8 8 min
Silicone: 13 13 mean 13 min
(Syringe needle partially blocked)

2hr llmin Arterial puncture (4):
Glass : 11 11 min
Silicone: 19 19 min
(Syringe needle partially blocked)

3hr 22min Arterial puncture (5):
Glass : 9 9 min
Silicone: 11 18 mean 14| min
(Syringe needle partially blocked)
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Animal Experiments.

ai»io ami cont'd

pQg 3 (cont'd)

3hr 25min
to 55rain

3hr 35®in

3hr 58min

3hr 58min

4hr 19min

4hr 19nin

Ahr 43min
to Ulfilin

Ahr A9min

4.hr A9min

6hr Omin

6hr Grain

6hr 4-5iain

7hr 1Grain

7hr lOmin

8hr Irain

8hr lrain

Exposure and preparation of R femoral artery for
withdrawals for C.annon-Mendenhal1 clotting tiges

(measured at 25 C)

Veterinary Nembutal 2.0 gr.

Cannon-Kendenhall clotting time (l)

Arterial puncture (6);
Glass : 10 10 11
Siliconei 15 15 16

Carmon-Menaenhail clotting time (2)

Arterial puncture (7):
Glass : 10 11 12
Silicone: 16 17 18

11V min

mean 10? min
mean 15? min

121 min

mean 11 min
mean 17 rain

-6
Adrenaline (synthetic) 3.0 x 10

Ganrioi^fendenhall clotting time (3) > 60 rain

Arterial puncture (8):
Glass : 10 11 11
Silicone: 17 17 18

mean 10 rain
mean 17?: min

Carmen-; iendenhall clotting time (A) > 60 ain

Arterial puncture (9):
Glass s 9 10 10
Silicone: 17 19 21

Veterinary Nembutal 1*5 31"*

Cannonr-Mendenhall clotting time (5)

Arterial puncture (10):
Glass : 8 9 9
Silicone: 11 15 15

mean 9? min
mean 19 min

ca 4.0 min

mean 8-| min
mean 13§ rain

Caimon-Mendenhall clotting time (6) ll-£ rain

Arterial puncture (11):
Glass : 8 10 10
Silicone: 13 19 20

8hr 22min Cannon-IiendenhalI clotting time (7)

mean 9i rain
mean 17£ min

125- min
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xm&cm

D9ft A

Mongrel 16.9 kg

SSsiJanuaizJffi

Bilateral section of greater splanchnic nerves in abdomen

13th February 1952

Ohr Veterinary Nembutal 8.0 gr.
No excitement previous to anaesthesia

Ohr 5min Exposure and preparation of R femoral artery for
to withdrawals for Cannon-Msndenhall clotting times
lhr 9min (measured at 25°C)

Exposure of L femoral artery for arterial
punctures for Lee & White clotting times in
glass tubes and in silicone-coated glass tubes

lhr 9®in Arterial (juncture (1);
Glass i 9 10 10 mean 9§ rain
Silicone: 11 11 13 mean 111: min

lhr llmin Cannon-Mendenhall clotting time (l) 10 ain

lhr 28min Arterial puncture (2) s

Glass : 8 10 10 mean 9i min
Silicone: 11 12 13 mean 12 rain

lhr 28min
to 51rain

Additional preparation of R femoral artery

lhr 51min Cainon-Mendenhall clotting time (2) 11^- nrin

lhr 5lmin Arterial puncture (3):
Glass i 9 10 10 mean 9? rain
Silicone: 12 13 15 mean 13| min

2hr 18min Adrenaline (synthetic) 3*0 x 10 ^g/kgto lyman

2hr 25rain Gannon~Mendenhall clotting time (3) 15p rain

2hr 25min Arterial puncture (A)s
Glass : 11 11 12 mean 111 min
Silicone: 12 13 18 mean I/t-f ain

2hr 50min Cannon-Mendenhall clotting time (L) 14|- min

2hr 50ain Arterial puncture (5):
Glass : 9 10 11 mean 10 min
Silicone: 13 13 13 mean 13 min

3hr 15rain Cannon-Mendenhali clotting time (5) 12a rain
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Animal Experiments.

M?l£. CLIX oo:it»d

Dog 4 (cont'd)

3hr 17min

3hr 5Siain

3hr 5Snin

4hr 15mln

4hr 15aln

4hr 40ain
to
5hr Omin

5hr Gmin

5hr llmin

Veterinary Nembutal 1.0 gr.

Cannon-Mendenhall clotting time (6)

Arterial puncture (6):
Glass t 9 9 10
Silicones 12 12 16

Cannoa-Mfodenhall cjottipg time (7)

Arterial puncture (7)s
Glass s 9 9 10
Silicones 14 14- 14

4 min

mean 91: min
mean 13i min

4 min

mean 9f ain
mean 14 min

Preparation of L femoral artery for withdrawals
for Gannoa-MendenhaJLl clotting times

(measured at 30°C)

Cannon-Mendenhall clotting time (8)

Qannon-Mendenha14 clottipg time (?)

5 min

13 min
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Aniraal Experiments.

iteblsJSMi

D°S 5 25th February 1952

Greyhound 18.0 kg

Ohr Veterinary Nembutal 10.0 gr»
Little excitement previous to anaesthesia

Ohr 6min Intubation of larynx without upset
Respiration spontaneous

Ohr 6min Exposure and preparation of R femoral artery for
to 4-Orain withdrawals foro0annon-Mendenhall clotting times

(measured at 25 G)
Exposure of L femoral artery for arterial
punctures for Lee & White clotting times in
glass tubes and in silicone-coated glass tubes

Ohr £Lmin Cannon-Mendeahall clotting time (l) 11-^- min

Ohr 41min Arterial puncture (1)t
Glass s 15 16 16 19 mean 16* min
Silicone: 21 21 22 23 mean 2l|' min

Ohr 55min Oannon-Mendenhall clotting time (2) 22 min

lhr 5min Arterial puncture (2):
Glass t 12 13 13 14 mean 13 min
Silicone: 14 15 19 mean 16 ain

lhr 48min Oannon-Mendenhall clotting time (3) >35 min

lhr 48min Arterial puncture (3):
Glass : 11 12 13 13 mean 12^ min
Silicones 13 20 20 mean 17| min

2hr 2Lain Arterial puncture (4):
Glass : 13 13 14 16 mean 14 min
Silicone; 17 17 17 18 mean 17i min

2hr 3Grain Oannon-Mendenhall clotting time (4) >35 rain

3hr 29min Arterial puncture (5):
Glass : 15 15 15 16 mean I5i min
Silicones 17 19 20 21 mean 19| min

^to 38min Adrenaline (synthetic) 3.0 x 10*~^g/kg
3hr 47min Arterial puncture (6):

Glass s 14 14 15 15 mean 14-.V min
Silicones 17 17 17 18 20 mean 1?| min

3hr 50tain Cannon-; ieadenhall clotting time (5) ca 10 min
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Axfimal Experiments.

Bog 5 (cont'd)

3hr 5&sin Arterial puncture (7):
Glass s 15 16 16 16
Silicone: 15 15 15 17

4hr 13min Veterinary Nembutal 1.5 gr«

4hr ISmin Gannon-Mendenhall clotting time (6)

4hr 37iain Arterial puncture (8):
Glass : 14 M 15 17
Silicone: 19 20 24 25

4iir 55min Arterial puncture (9):
Glass : 10 11 12 13
Silicone: 11 11 11 11

mean 15f
mean 15f

rain
min

> 35 min

mean 15
mean 22

min
min

mean Ill-
mean 11

.

man

min

4hr 55min
to
5hr lOmin

Preparation of L femoral artery for withdrawals
for Cannon-Mendenholl clotting times

(measured at 30JC)

5hr 27min CannocMM^ndenhail clotting time (7)

6hr 9min
to lOmin

-8
Adrenaline (synthetic) 3.0 x 10 g/kg

> 35 min

6hr 21min Gannon-Mendenhall clottins time (8) ca 22 min

6hr 53min Gannon-Mendenhall clottins time (9) > 35 min

7hr 37min Gannon-Mendenhall clotting time (10) > 35 TTMTI
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Mongrel 14*0 kg

Animal Experiments

11th March 1952

Ohr

Ohr lOmin
to 30min

Veterinary Nembutal 9*0 gr.
Prolonged excitement previous to anaesthesia

Exposure and preparation of R femoral artery for
withdrawals for Gannon-Mendenhall clotting times

(measured at 30* G)
Exposure of L femoral artery for arterial
punctures for Lee & White clotting times in
glass tubes and in 3ilicone-coated glass tubes

Ohr 53min

Ohr 54min

lhr 13min

Ihr 14®in

lhr 4-Omin

Ihr 4-Orain

2hr 2rain

2hr 20min

2hr Plmin

2hr 46min

2hr 51min

Canxioaa-Mendenhall clotting time (l)

Arterial pimcturp (l),s
Glass s 12 13 13 14-
Silicones 15 17 13 20

Platelet count 302,000/mm^
Eosinophil count 59/ram

Gannpa-MendenhaLl clotting time (2)

Arteyi^l punctuye (2)t
Glass : 12 13 13 14.
Silicones 13 16 20

Cannon-Mendenhall clotting time (3)

Arterial p-qnqtuTe_JjXt
Glass s 11 11 12 12
Silicones 12 12 17

3
Platelet count 306,000/rnm^
Eosinophil count 62/ram

Arterial puncture (4);
Glass s 12 13 14- 14
Silicones 16 24 24 26

Gannon-Mendenhall clotting time (4)

Arterial puncture (5):
Glass : 12 12 13 14
Silicones 15 17 17 19

A.C.T.H. 0.43 'rag equiv'/^g

Gannop-Menuenfrall clotting i^ime (gj

9k rain

mean 13 rain
mean 17§- ntin

19V ffiin

mean 13 min
mean 16| min

19 rain

mean 11-5- min
mean 13f- rain

mean 1>| min
mean 22y min

19a min

mean 12§ min
mean 17 min

> 33 sin
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Animal Experiments.

2hr 52min Arterial puncture (6):
Glass s 11 12 12 13
Silicone; 16 16 16

3hr Ifjrnin Veterinary Nembutal 1.5 gr.

3hr 18min Arterial puncture (7);
Glass ; 11 11 11 11
Silicone; 12 13 IS 19

3hr 3Smin Cannonr-Mendenhall clotting time (6)

3hr A3min Arterial puncture (S);
Glass s 11 11 U 11
Silicone; 11 12 12 12

Ahr 7min Csnnon-Mendephall plotting time (7)

Ahr 1Chain Arterial puncture (9);
Glass ; 10 10 • 11
Silicone; 11 11 12 12

3
Platelet count 306,00Q/mm..
Eosinophil count 71/mi

Ahr 31min Cannon-Mendenhall clotting time (8)

5hr 2min Veterinary Nembutal 1.5 S1**

5hr 27min Oannon-Kendenhall clotting time (9)

5hr 28min Arterial puncture (10);
Glass ; 11 12 12 12
Silicone; 15 16 IS 19

Eosinophil count 70/ma

6hr Omin Caxmon-Mendenhall clotting time (10)

Eosinophil count 67/mm^
6hr l6min Gannnn-Hendenhall clotting time (11)

6hr A2min Veterinary Nembutal 1.5 gr.

mean 12 iain
mean 16 rain

mean 11 min
mean 15:V rain

17 min

mean 11 min
mean ll| min

15-Jr min

mean IO5 min
mean 11V min

23 min

15 min

mean llf min
mean 17 min

7 min

8 min

6hr Preparation of L femoral artery for withdrawals
to 57min for Oannon-Mendenhall clotting times

Arterial punctures for Lee & White clotting
times in glass tubes and in silicone-coated
glass tubes



Dog 6 (cont'd)
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Table CLH cont'^

Arxlaal Exoex'iments*

7hr 2min Cannon-Mendenhall clotting tliae (12) 7 min

7hr 7min Arterial nocture (11):
Glass x 11 11 11 12
Silicone: 11 12 14

7hr 20min Gannoa-Mendenhall clotting time (13)

7hr 24min Arterial puncture (12)x
Glass s 12 12 13
Silicone: 11 11 12

mean 11-f min
mean 12|r min

5 min

mean 12-| min
mean ll| min
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Mongrel 19.3 kg

Animal Experiments.

21st March 1952

Ohr

Qhr 15min
to 5Qroin

Veterinary Nembutal 12.0 gr.
No excitement previous to anaesthesia

Exposure and preparation of R femoral artery for
withdrawals for Cannor>-Mendenhall clotting times

(measured at 30°C)
Exposure of L femoral arteiy for arterial
punctures for Lee & White slotting times in
glass tubes and in sillcone-coated glass tubes

Ihr 3min Arterial puncture (l) :
Glass « 13 13 14 14
SiliconeJ 12 13 19 22

Platelet oount 376,000/mm|
Eosinophil count 93/mm

lhr llmin Veterinary Nembutal 1.5 gr»

mean 1>5- min
mean l6i- min

lhr 17min
to 45min

lhr A7min

Exposure of L brachial arteiy for arterial
punctures for Lee & White clotting times in
glass tubes and in silicone-coated glass tubes

Arterial puncture (2)i
Glass ; 12 13 15 15
Silicone: 15 17 22 24

Platelet count 372,000/mm^
Eosinophil count 88/ma

Ihr 51min Veterinary Nembutal 1,0 gr.

mean 13f min
mean 19! min

Ihr 55min
to
2hr 15min

2hr l6min

2hr 27min

2hr 43min

2hr 47min

2hr $7min

Extension of exposure of L femoral artery

Cannon-Mendenhall clotting time (1) 5 min

Gannon-M^n^pnha 1,1 clotting time (2) 3a min

Cannon-Mendenhall clotting time (3) 2% min

(^nnon-Mendenhall clottjng time (4) 6 min

AVtprjal pupctye (£):
Glass : 12 14
Silicone: 9 14

Platelet count
Eosinophil count

14 16
18 20

342,000/mm^
83/mm

mean 14 min
mean 15^ min
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Dog 7 (cont'd)

3hr Omin 0annon-Hendenhall clotting time (5)

3hr l/min Veterinary Nembutal 1.0 gr.

3hr l6min Cannon-Mendenhall clotting time (6)

3hr 23min Arterial puncture (Z.);
Glass i 10 12 12 U
Silicones 7 U U 13

3hr 24min Gannon-Hendenhall clotting time (7)

3hr 49min Arterial puncture (5)s
Glass s 13 14 15
Silicones 11 17 21

4hr 14min Veterinary Nembutal 1.0 gr.

4br 20min Arterial puncture (6);
Glass s 10 13 14 14
Silicones 14 16 16 19

4hr 22min Cannonr-Mendenhall clotting time (8)

A.G.T.H. 0.47 'mg equiv'/kg4hr 3Grain
to 31miu

4br 35min

4hr 4Omin

4hr 42min

Gannon-Mendenhall clotting time (9)

Ganpon-Mendenhall clotty time (10)

Gannon-Mendenhall clothing time (11)

Platelet count 332»000/mm^
4hr 52min Gannon-Mendenhall clotting time (12)

Eosinophil count 67/W

5hr Omin

5hr 5min

5hr Smin

5hr 22min

Gannon-Mendenhall clotting time (13)

Gannon-Mendenhall clotting time (14)

Eosinophil count 67/znnf

Cannon-Hendenhall clotting time (15)

Gannon-Mendenhall clotting time (16)

2-|- min

2k min

mean 12 min
mean 13i ndn

3 min

mean 14 min
mean 16£ min

mean 12^- min
mean 16^ min

4 min

2g- min

1$ min

1 min

2 min

1 min

1 min

1 min

4j isin

Eosinophil count 73/mia"
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Animal Experiments.

flrtta CMffl

ffofl 7 (cont'd)

5hr A5ndn Cannon-Mendenhall clotting time (17) A min
3

Eosinophil count 77/mra

6hr 5min Eosinophil count 80/ma3
3

6hr 20min Platelet count 306,000/mm

6hr 27rain citing tis^ (Iff) A min
3

Eosinophil count 84/W"
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mm

Pog 3 25th March 1952

Mongrel 13.3 kg

Ohr

Ohr 7raln

Ohr lOmin
to
lhr 5min

Ohr 42min

lhr loiain

lhr 45min

2hr 12nln

2hr 14-mln

Veterinary Nembutal 13.3 gr.
Exhibited fear rather than excitement previous
to anaesthesia

Intubation of larynx without upset
Respiration spontaneous

Exposure and preparation of R femoral artery for
withdrawals for Gannon-iiendenhall clotting times

(measured at 30 C)
Exposure of L femoral artery for arterial
punctures for Lee & White clotting times in
glass tubes and in silicone-coated glass tubes

Veterinary Nembutal 1.0 gr.

Ihr 19min

lhr 43min

Ihr 44min

Arterial puncture (l):
Glass : 13 U 15 15
Siliconei 16 18 21 25

Gone braxn: 12.2,11.4,10*/,11.0

Platelet count 29A»000/mmo
Eosinophil count 65/fflm

Gannonr'Hendenhall clotting timeJil

Oannon-Hendenhall clotting time (2)

.Arterial gyu^tiaa^M;
Glass s 11 13 13 15
Silicone: 16 17 20

Gone brain: 11.1,11.3»11»4
3

Platelet count 290,000/nmi2
Eosinophil count 61/mm

Veterinary Nembutal 1.0 gr.

Camon-Mendenhall clotting time (3)

Arterial puncture (3):
Glass : 12 14 16 16
Silicone: 14. 14 14 16

Cone brain: 12.0,11.4,10.3

Eosinophil count 56/mia

(Blood noted to be dark)

mean 14i Bin
mean 20 min

mean 11.3sec

15 min

22y min

mean 13 min
mean 17-f min

mean 11.3sec

17 min

mean 14a* min
mean 14j min

mean 11.4sec
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M&o Offll pojillc.
Dog 8 (cont'd)

2hr 37nin

2kr 38min

3hr Omin

Arterial puncture (A)s
Glass s 13 13 13 13
Silicones 14- 14 15 18

Gone brains 12.8,11.0,10.9,12.5

Eosinophil count 52/mm

(Blood dark)

Gannon-Mendenhall clotting time (A)

Ayterial puncture (5)s
Glass s 12 12 14 14
Silicones 16 16 18

Eosinophil count

(Blood red)

HO/mm"

3hr 2min

3hr lBiain

3hr 3Omin

Gannon-Mpndenhall clptting time (?)

Veterinary Nembutal 0*5

Cannonr^endenhall clotting time (6)

(Blood dark)

3hr 50iain Cannoa-Mendenlaall clotting time (7)

(Blood dark)

4hr lCtain Gannon-Mendenhsll clotting time (8)

(Blood dark)

4hr 37min Gannon-Mendenhall clotting time (9)

4hr 38min

4-hr 4-7min

4hr 55min

5hr 3ain

mean 13 min
mean 155 min

mean 11.8sec

14 min

mean 13_ min
mean 16|- min

2lV min

9k lain

llv min

13 min

18 min

(Blood red)

Anaesthesia light

Veterinary Nembutal 0.3
(made up ,0 1.0 ml in saline)

Anaesthesia satisfactory
Respiration regular

Arterial puncture (6)s
Glass s 12 13 13 13
Silicone: 15 16 16 15

Cone brain; 11.2

Eosinophil count

mean 12| min
mean 15§- min

11.2sec

4.3/W
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Table CLXIII cont'd

Dog 3 (cont'd)

5hr 5min Cannoar-Mendenhall clotting time (10) 15|- min

5hr X7min Veterinary Nembutal 0.2 gr.
(made up to 1.0 ml in saline)

5hr 43min Arterial puncture (7):
Glass J 13 13 13 13 mean 13 min
Silicones 17 13 13 18 mean 17-f min

Eosinophil count 40/m®

5hr 47min Carmon-Mendenhall clotting time (11) 9 min

6hr lmin Veterinary Nembutal 0*2 gr.
(made up to 1.0 ml in saline)

6hr 37min Veterinary Nembutal 0*2 gr.
(made up to 1*0 ml in saline)

6hr 42min Veterinary- Nembutal 0.1 gr.
(made up to 1.0 ml in saline)

6hr 48min Arterial puncture (8):
Glass t 13 13 13 14 mean 13i min
Silicones 13 16 17 19 mean l&J min

Q

Eosinophil count 37/mirt

6hr 50min Cannon-Mendenhall clotting time (12) 13|- min

6hr 57min Veterinary Nembutal 0.1 gr.
(made up to 0*5 ml in saline)

7hr 14min Veterinary Nembutal 0.2 gr.
(made up to 1.0 ml in saline)

7hr I6min ^ c.T.H. 0.37 'mg equiv'/kgto 17min

Thr 22min Oanaoq-lfendgnhall clotting time (13) <2 min

7hr 27min Caimonr-!4endenhali clotting time (14) <2 min

7hr 31min Arterial juncture (9)s
Glass s 10 12 12 12 mean 11-g- min
Silicone! 13 15 16 16 mean 15 min

Cone brains 12.3»11.4»H»6 mean ll.Ssec
3

Eosinophil count hl/mi
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W11 "Milmil
Do . 8 (cont'd)

7hr 38min Veterinary Nembutal 0.2 gr.
(made up to 1.0 ml in saline)

7hr 42min Cannon-Mendenhall clotting time (15) 2 min

Platelet count 24B,000/mm|
Eosinophil count 49/am

7hr 49ain Caaaon-Mendenhall clotting time (lo) 51 ain

7hr 52jnin Arterial puncture (10):
Glass i 10 12 12 13 mean 11-f- min
Silicone: 13 13 15 17 mean 14-J min

Gone brain: 11.7,11.6,11.5 mean 11.6sec

8hr (lain Veterinary Nembutal 0.2 gr„
(made up to 1.0 ml in sdine)

8hr 5min Cannoa-Mendenhall clo ting time (17) $k min

8hi* 18min CaimorWlendenhall clotting time (18) 6 ain

8hr 20min Arterial puncture (11):
Glass : 9 14 14 14 mean I2f ain
Silicone: 12 15 17 17 mean 15i ain

Cone brain: 13.6,11.8,11»4»11»3 mean 12.0sec

8hr 25®in Veterinary Nembutal 0.2 £r.
(made up to 1.0 ml in saline)

8hr 30min Canaon-Hendenhali clotting time (19) 15 min

8hr 45min Respiration gasping

9hr 3ain Cannon-Merxdenhall clotting tine (20) 7 min
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Table CLZEV

2a& 9 4th Aoril 1952

Mongrel 15.0 kg

Ohr

Ohr ISmin
to 48mln

Ohr 2Drain

Ihr 3min

Ihr 49mln

Ihr 5lmin

2hr 22min

2hr 26min

2hr 26min

2hr 34-ain

Veterinary Nembutal 9*0 gr.
Great excitement previous to anaesthesia

Intubation of larynx
(respiration spontaneous till lhr 3min)

Exposure and preparation of R femoral artery for
withdrawals for Cannon-Mendenhall clotting times

(measured at 30°0)
Exposure of L femoral artery for arterial
punctures for Lee & White clotting times in
glass tubes and in silicorie-coated glass tubes

Artificial respiration begun

Veterinary Nembutal 0.5

i^rdLaijuncture (l) i
Glass i 14 1A 15 19
Silicones 17 IB 18 31

Gone brains 10.5,10.4,10.8,10.8
Dil. brains 50 96 88 97
Thrombins 10.7,10.9,11.0,11.1,10.8

Platelet count 376,000/mm^
Eosinophil count 73/mm
Blood dextrose 92/mg$

Veterinary Nembutal 0.5 gr.

Cannon-Mendenhall clotting time (l)

Arterial puncture (2) s

Glass s 15 15 16 16
Silicones 14. 18 18 21

Cone brains 10.9,10.4.10.3?10.2
Dil. brains 49 89 99 98
Thrombins 10.2,10.3,10.6,10.9,11.0

3
Platelet count 372,000/
Eosinophil count 70/mm"
Blood dextrose 85/mm
Arterial puncture (3J s

Glass s 13 15 15 16
Silicones 14 15 17 17

mean 15a sin-
mean 21 min

mean 10.6sec
mean 82.7sec
mean 10.9sec

ITo min

l$|jr min
17% min

mears 10.4sec
mean 83.7sec
mean 10.6sec

mean 14| min
mean 15v min
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.jj-c. - Animal Experiments.
Table CLXT? cont'd

Dog 9 (cont'd)

Gone brain: 10.0, 9.9,10.3, 9.7
Dil. brain: 47 85 77 92
Thrombin: 10.6,10.6,11.1,10.9,10.6

Platelet count 368,000/mm?
Eosinophil count 66/bet
Blood dextrose 85 ®g$

2hr 55min Veterinary Nembutal 0.5 gr.

3hr llrain Cannon-Mendenhall clotting time (2)

3hr 15ain Arterial puncture (A):
Glass : 12 12 U 15
Silicone: 17 14- 16 15

Cone brain: 10.3,10.5,10.8,10.4
Dil. brain: 53 S3 117 §7
Thrombin: 10,6,10.4,10.9,1^.6,11.1
Platelet count 366,000/mra^
Eosinophil count 63/mm
Blood dextrose 83 ®g$

3hr 29min Veterinary Nembutal 0.5 ET.

3hr 42min Arterial puncture (5):
Glass : 15 17 17 20
Silicone: 19 22 20 21

Cone brain: 11.0,11.1,10.9,10.4
Dil. brain: 54 77 86 83
Thrombin: 10.6,10.9,11.2,11.2,11.4

Platelet count 366,0Q0/mm~j
Eosinophil count 60/mnr
Blood dextrose 85 ®g$

3hr 47min Cannon-Mendenhall clotting time (3)

4hr 31min Veterinary Nembutal 0.75 Sr>

4hr 36min Carmon-I-tendenhsJll clotting time (4)

4hr 46min Cannon-Mendenhall clotting time (5)

4hr 53min Arterial puncture (6):
Glass : 14 14 16 18
Silicone: 22 18 17 20

mean lO.Osec
mean 75»3sec
mean 10.8sec

13 min

mean 13i min
mean 15-3 min

mean 10.5sec
mean 85.1sec
mean 10»9sec

mean 17i min
mean 20i min

mean 10.9sec
mean 74*9sec
mean ll.lsec

Hi min

ca 4 min

4i min

mean 15i rain
mean 19i min
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Table GLXI? cont'd

Dog 9 (cont'd)

5hr Omin

5hr 14min

5hr ISmin

5hr 22nin

5hr 37min

5hr 56min

6hr Omin

6hr 7ain

6hr 23ain
to 24min

6hr 29min

6hr 30min

3
Platelet count 362,000/mm^
Eosinophil, count $7/mm
Blood dextrose 89 mg$

Gi.nnoxt-lfendenhall clotting time (6)

Cannon-Hendenhall clotting time (7)

Veterinary Nembutal 0,5 gr.

Arterial puncture (7):
Glass : 11 15
Silicones 17 20 15

Gone brain; 10.2,10,1, 9.9,10.4
Dil, brains 40 68 81 72
Thrombins 11,0,10.6,10,8,10,8,11.3

Eosinophil count

Cannon-Mendenhall clotting time (8)

Cannon-Mendenhall clotting tirae (9)

Veterinary Nembutal 0.5 gr.

.puncture (8).»
Glass s 11 11 13 15
Silicone; 11 13 15 17

Cone brain: 10.6,10.3,11.1,10,4.
Dil. brain: 47 82 75 70
Thrombins 10.4,10.2,11.2,11.6,10.5

Platelet count 360,030/rart^
Eosinophil count 52/nmr
Blood dextrose 100 mgjS

A.C.T.H. 1.16 *mg equiv'/kg

Canaon-Mendenhall clotting time (10)

Arterial puncture (9)s
Glass s 8 8 9 12
Silicones 11 11 8 14

3
Platelet count 364,000/mmn
Eosinophil count 55/mm
Blood dextrose 100 mgp

7t ®in

I6?r min

mean 14i min
mean 17i min

mean 10.2sec
mean 65.1sec
mean 10.9sec

12 min

8;V tain

mean 12-|- min
mean 14 min

mean 10.6sec
mean 68.6sec
mean lO.Ssec

< 4 raia

mean 9i min
mean 11 ain

6hr 36min Garmon-Mendenhall clotting time (ll) 7 min
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Dog 9 (cont'd)

6hr 48min

6hr 53ain

6hr 55rain

7hr llmin

7hr ISrain

7hr 30rain

Yhr 44min

8hr 5rain

Arterial puncture (10);
Glass : 8 12 12 12
Silicones 11 14 14 14.

Gone brains 10.2,10.4,10.3,10.8
Dil. brain: 55 87 124 104

Eosinophil count 56/tss?
Veterinary Nembutal 0.5 gr.

Cannon-Mendenhall clotting time (12)

Arterial puncture (11)s
GlLsss S 13 14 15
Silicones 12 12 13 14

Cone brains 10.4,10.3,10.4,11.2
Dil. brains 42 62 75 82
Thrombin: 10.6,10.6,10.5,10.7,11.2

o

Platelet count 364»0Q0/mnu
Eosinophil count 57/mi
Blood dextrose % mg%

Cannon-Mendenhall clotting time (13)

Cannoa-Mendenhall clotting time (14)

Arterial puncture (I2j,s
Glass s 11 14 16
Silicone: 12 17 13

Cone brain: 11.0,10.0,10.4, 9.6
Dil, brains 55 84 90 110

Eosinophil count 58/ram
Blood dextrose 96 mg£

Arterial puncture (13)s
Glass s 11 12 14
Silicones 10 10 13

Gone brain: 10.9,10.3,11.2,10.4
Dil. brains 56 85 88 110
Thrombins 10.4,10.5,11.3,11.2,11.4

Blood dextrose 107 mg$

8hr 13min CannoiHEfendenhall clotting time (15)

mean 11 rain
mean 13| rain

mean 10.4sec
mean 92.6sec

19 min

mean 14 rain
mean 12| rain

mean 10.6sec
mean 65.2sec
mean 10.7sec

7 min

7g- min

mean 13.;- min
mean 14 min

mean 10.3sec
mean 84»6sec

mean 12$ min
mean 11 min

mean 10.7sec
mean 84«9sec
mean ll.Osec

7 min
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Zsiaa-SiXL

Animal Experiments ■

DogJ£

Mongrel 17.0 kg

Ohr Veterinary Nembutal 9.0 gr.
Little excitement previous to anaesthesia

Ohr lQmin Intubation of larynx without upset
Artificial respiration begun

Ohr 15min Exposure and preparation of R & L femoral
to 4-0min arteries for withdrawals for Cannon-Mendenhall

clotting times (measured at 30 C)

Ohr ISmin Veterinary Nembutal 1.5 ®F»

Ihr 5min Gannon-Itendenhall clouting time (l) 18 min

lhr 31min Cannon-»Mendenhall clotting time (2) 18|- min

Ihr 36min Veterinary Nembutal 1.0 gr.

lhr 52rain 0-9J Saline M ^
to 53min

lhr 55min Cannon-Hendenhall clotting time (3) £§" min

2hr lmin Gannon-Mendenhall clotting time (A) !§• min

2hr 7min Cannon-Mendenhall clotting time (5) 3a" Eiin

2hr l^min Gannonr»Mendenhall clotting time (6) 2 min

2hr 19min Cannon^Mendenhall clotting time (7) 12 min

2hr 24min Veterinary Nembutal 1.0 gr.

2hr 34xain 0.9£ Saline 2.0 ml
to 35min

2hr 39min C-annon-Mendehhall clotting time (8) 12 min

2hr A7min Veterinary Nembutal 1.0 gr.

^ sSn A'G'T*H* equiv'/kg
3hr Qmln Cannon-Mendenhall clotting tims (9) 6£ min

3hr 5min Veterinary Nembutal 1.0 gr.

3hr llmin Cannon-Mendenhall clotting time (10) 3 ndn
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Table CLXV cont'd

Dog 10 (cont•d)

3hr 23oin Cannon-Mendenhall clotting time (11) 3 min

3hr 33min Cannon-Mendenhall clotting time (12) 5i min

3hr 36min Veterinary Nembutal 1.0 gr.

3hr llmin Cannon-Mendenhall clotting time (13) U min

3hr l&ain Cannoa-Mendenhall clotting time (11) 12i- min

4hr lOiain Cannon-Mendenhall clotting time (15) 6i min

4hr 17min Veterinary Nembutal 1.0 gr.

4hr 21min Cannon-iieadenhall clotting time (16) 8 min

Ihr 32min Cannon-Mendenhall clotting time (17) 8 min

5hr 6min Veterinary Nembutal 1.0 gr.

5hr llmin Cannon-Mendenhall clotting time (18) ni ndn

5hr
to

25min
26iain 0.9/£ Saline 1*5 ml

5hr 27m±a Canaoa-ifendeohall clotting time (19) 1 min

5hr 37min Cannon-Mendenhall clotting time (20) 9 min

5hr 50min Caimoa-Mendenhall clotting time (21) I4i min

5hr 55ain Cannon-Msndenhall clotting time (22) 6|- min

6hr 17min Veterinary Nembutal 1.0 gr.

6hr 22min Cannon-Mendenhall clotting tine (23) l6g- min

6hr
to

Jprx.in
43min

A.C.T.H. 0.4S 'mg equxv'/icg

6hr 4.6min Caanon-Mendenhall clotting time (21) 4 min

6hr 54sri.n Garmon-Mendenhall clotting time (25) 1 min

7br 7min Cannon-Mendenhall clotting time (26) A min

Thr 12min Cannon— lendenhall slotting time (27) 4i min

7hr 20min Cannon-Mendenhall clotting time (28) 5i min
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ThML* TOT

Dog 10 (cont'd)

7hr 28min Cannoa-Hendenhall clotting time (29) 6fr min

7hr 32min p^9p--fondenh<41 <4ottj,nfl tfcne Qo) 6 mln

7hr 4.6min Camorw-lendenha.il clotting time (31) U min

7hr 52min Caaft^Irlen^n^l clotting time Qg) 6 nan
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MUW

Systemic Effects of Intravenous Injections of Adrenaline

(synthetic) in th. ^og

pog 11 7th Pkrch 1952

5«6 kg

Ohr

15min
to 3Qmin

36min

42min
to 43min

45min
to
lhr lOrairt

Veterinary Nembutal 4»5 gr«

Exposure of R femoral artery-

Platelet count 320,000/Wi^
Eosinophil count 66/mm-'

Heparin 1000u./al., 4»5 ®1.

Ganaulation of R carotid artery

Ihr l6nin Blood dextrose (l) 92 mg$

Platelet count 328,000/raia*?
Eosinophil count 63/iaur

lhr 22min Pulse rate 143/min

Ihr 32min Pulse rate 150/iain

Ihr 53min Blood dextrose (2)

2hr 2min Pulse raoe 142/min

2hr 3min Adrenaline (synthetic)

to 4min Pulse rate 147/min

2hr Amin Pulse rate 152/ain

2hr 6min Blood dextrose (3)

2hr 8min Pulse rate 14.6/rain

2hr lOain Blood de:rbrose (4)

2hr TPmln Blood dextrose (5)

89 mg&
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w? cm Q9Rt«d

Dog IX (cont'd)

2hr 1 /.rni n Pulse rate 142/min

2hr 19min Blood dextrose (6) 92 mg/C

2hr 22min Pulse rate l^O/'nfM

2hr 29®in Pulse rate 142/min

2hr 30min Blood dextrose (7) 85

2hr 32min Pulse rate 140/min

2hr 33min Adrenaline (synthetic) 3»0 x

to 34min Pulse rate 138/min

2hr 34xiin Pulse rate 138/min

2hr 37min Blood dextrose (8) 92 mgl

2hr 39ain Pulse rate 142/min

2hr 45®in Pulse rate 143/min

2hr 47min Blood dextrose (9) 100 mg%

3hr 48min Veterinary Nembutal 0.6 gr»

3hr 53aiin Pulse rate 138/min

4hr Oain Blood dextrose (10) 94-

4hr 3rain Pulse rate 140/min

4hr (min Blood dextrose (11) 37 mgg

4hr 15min Pulse rate 138/min

4hr I6ain Adrenaline (synthetic) 3.0 x

to 17min Pulse rate 138/min

41IT 17min Pulse rate 138/min

4br 19min Blood dextrose (12) 85 mg$

4hr 23®in Pulse rate 143/rain

4br P7,m-in Blood dextrose (13) 87 mg$



Animal Experiments.

Wl

Dog 11 (cont'd)

Ahr 30min Blood dextrose (1A) 96 mg$

Ahr AAtnin Blood dextrose (15) 87 mg,S

Ahr A9min Pulse rate 152/min

Ahr 50min Blood dextrose (16) 89 mgS

Ahr 52ain Pulse rate 152/min

4-hr 53®in Adrenaline (synthetic} 3.0

to 5Amin Pulse rate 122/min

4.hr 54min Pulse rate 119/min

Ahr 57min Pulse rate 137/min

41ir 59min Pulse rate 139/ndn

5hr Amin Pulse rate 150/min

5hr 1Grain Pulse rate 15/Jxnln

5hr 12min Blood dextrose (17) 105 ag;i

5hr 19min Blood dextrose (18) 101 mg$

5hr 19min Pulse rate 162/min

5hr 25min Platelet count 3A2>000/rara3
5hr 25min Eosinophil count 12/vas?
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w?

Effects of Dextrose and I^aev^osff afldyi ^ yitro

on ^ee ft Wftjt? Cftottfog in (i) Glr^s,TubQS

(ii) Sjlicone-coated Glass Tubes

Clotting times in minutes

(Small tubes, 9 aim diameter)

(i) Glass tubes

1

Subject

Intrinsic

blood

dextrose

Addition in vitro (ma/lOOml.)

Dextrose Laevulose Saline Nil

(mg/1001.) ♦ 40 % 80 + 10 + 20

I.W. 85 8i si a* si 9i min

s.s. 78 8 H sj>- 8 8 si

A.L. 117 S£~ 8 8 8 10 9i

A.S. 72 7£® 7-k 8 6^ 8 si

J.H. 72 9jf 9 si si Si 9

T.P. 72 ioi 9 IQi 11 11-i 12k

A.B. 81 8 9i lok 11-i 10i iof
G.M. 114 7 Si 6f si 7 7

P.T. 133 6 6 H 6i 6 6i

A.S, 94 7i 8 7k '2 7i 7k

S. 0* 81 8# 9 s§- 9 3f 9k

A.L. 65 ?i 7-k 7k 7i 7k n

J.S. 71 12 12 12 12 12 12

a) h) o) d) e) f)

Means 87 8.4 8,4 8,5 S.5 8.7 9.lain

@
denotes missing reading estimated by-
iterative method given by Snedecor
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Table CLXVII cont'd

from Analysis of Variance;

Differences between means:

(1) Between a,b,c,d,e.

&E. of difference between any two means * 0.26 min (on 56 df)
no differences significant

(2) Between (mean of a,b,c,d & e) and f.

Difference « 0.5 min

S.E. of difference * 0.20 min (on 56 df)
P<0.01

mixture ( = 'total' blood dextrose ) was derived from two

sources:

(A) Intrinsic blood dextrose as measured by Hagedorn-Jensen
method (1923)

(B) Dextrose added in vitro, amounting in final reaction mixture

to 40 mg/LOC ml. in (a)
80 mg/lOO ml. in (b)

Mean intrinsic blood dextrose for 13 subjects tested
t S.E. of mean

Thus 'total' blood dextrose concentrations are approx.

(a) 127 mg/LOO e£L.) These cones axe approximate

Note:

The dextrose concentration in the final reaction

87 4 6 mg/LOO nl.

(b) 167
(c) 87
(d) 87
(e) 87
(f) 87

) because no allowance has
) been made for the final
) reaction mixture being
) 87.5$ cot 100$ blood.

The intrinsic blood laevulose is assumed to be nil.
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(ii) Silicone-coated glass tubes

Subject

Intrinsic

t-l AAJ .

Addition in vitro (me/lOOinl.)

DJLOOa

dextrose ,

Dextrose Laevulose
Saline Nil

!mg/l00ml.) + 40 + 80 + 10 + 20

S, S» 78 15 13£ Hi i3i 15® 17 min

A.L. 117 9i 12-1 i2i 9k 12^ lli

A.S. 72 Hi® 12i li 13 13 Hi

J.H. 72 iyk 12 11 11 11 i5i

T.P. 72 i&k l&i 20 l6i 21 16§-

A.B. cl uk H&' 12k 17 16§- 9k

G.M. 114 9 9 10k 9i® 10 iok

P.-T. 133 9 9 9k 8i &k 10

A.S. 94 12 Hi 12i Hi® 12k 13i

s.c. 8x 12-2- 12k I2i 12i 13 iyf
A.L. 65 12 Hi 12k I3i® 12k 13i

J,S. 71 17 Hi 18 Ilk 15i 20

rji i

a; >) c) d) e) 0

Means 87 13.0 12,8 13.0 12.5 13.4 13.7mii

denotes missing reading estimated by
iterative method given by Snedecor

from Analysis of Variance;

Differences between meanss

(1) Between a,b,c,d,e.

S.E. of difference between any two means ± 0,58 min (on 47 df)
no differences significant

(2) Between (mean of a,b,c,d & e) and f.

Difference = 0,8 min

Sk E. of difference ± 0.44- min (on 4-7 df)
difference not significant



Experiments in vitro.

Effects of Synthetic end Natural Adrenaline added

in vitro on Lee & White Clotting Times in Glass and

Silicone-ooated Glass Tubes

(large tubes, 12 ram; small tubes, 9 mm diameter)

(A) Synthetic adrenaline

(i) Glass tubes

(a) Small diameter tubes

Lee Sc. White clotting times in minutes

Replicate
reading
of

clotting
time

Addition in vitro

Subject Adrenaline ( g/l. )
Saline Nil

1.25 x l(f2 1.25 x 10"3

W.O.
1

2

QJL
✓4

10

&£

10

io£-

12

9k

10

G.F.
1

2

12k

13

15

15t

12k

1H

Uk

uk

G.I.
1

2

si¬

ll

&k

10£

9

iok

izi

insf

J .B.
1

2

9

10k

n

10

H

iok

12

insf

13.II.
1

2

H

&k

8

&k

Bk

&k

Bk

Bk

(Cont'd - P.T.O.)
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Table CLXIX cont'd

Subj ect

Replicate
reading
of

clotting
time

Addition in vitro

Adrenaline ( g/l. )
Saline Nil

—2
1.25 x 10 1.25 x 10~3

J.T.
1

2

Ty

9f

9k

10i

9

1Q£-

9f

12

J.G.
1

2

8#

H

H

9f

9

9k

ioi

10^~

M.L,
1

2

7i

H

8 8£

8^

10

insf

Mean clotting time

a)

9.3 min

b)

9.7

c)

9.9

d)

11.0

from Analysis of Variance; (on means of replicate readings)

Differences between means:

(1) Between a,b,c.

8.E. of difference between any two means ± 0.4-1 min (on 21 df)

No differences significant

(2) Between (mean of a,b & c) and d.
Difference = 1,4, min
S.E. of difference a 0.34 min (on 21 df)

P 0,01
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ExDorxments in vitro.

(A) Synthetic adrenaline

(i) Glass tubes

(b) Largo diameter tubes
Table CLXX

Lee & White clotting tines in minutes

Subject

Replicate
reading
of

clotting
time

Addition in vitro

Adrenaline ( g/1. )
Saline Hil

1.25 3: ICT2 1.25 x lO**3

J *H»
1

2

6f tain

H

6£

7

H

H

6i

7i

G«N»
1

2

7

7

?i

8#

8£ 8i

10i-

J »T.
1

2

3k

3k

&

3k

3i

5

3i

5i

R»D.
1

2

8 6J

8i

6

6

9i

li

J .R.
1

2

Af

(k H

■4f

insf

5

8-4

B»P«
1

2

6

6§-

6

7

7

8

6

6g-

B.H.
1

2

7

n

7i

8

n

a

8

1<&

Mean clotting time

a)

6.3 rain

b)

6.4,

c)

6*4-

d)

7.5
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foperfoyt g in vitro.

Tab^e CLXX ftORVd

from Analysis of Variance: (on means of replicate readings)

Differences between meansi

(1) Between a,b,c

S.E. of difference between arty two means t 0.41 mln (on IS df)

no differences significant

(2) Between (mean of a,b & c) and d

Difference = 1«2 min

S.E. of difference t 0.33 min (on 13 df)
P<0.01



Ijbcnerimentg in vitro.

(A) Synthetic adrenaline

(ii) Silicone-coated glass tubes

(a) Small diameter tubes

Table CLXXI

Lee & White clobting times in minutes

Replicate
reading
of

clotting
time

Addition in vitro

Subject Adrenaline ( g/l, )
1

Nil

-2
1.25 x 10

-3
1.25 x 10

W.C.
1

2

12# iain

13#

13

16

12#

17#

13#

17#

G.I.
1

2

i3i

16#

l6f

21

17

17

17

19

J.B.
1

2

io#

13#

12#

15#

13

15#

16#

19

B.M.
1

2

14#

14#

U

16#

13

14

14#

19

J.T.
1

2

ii#

13#

13#

16

17#

insf

15

131

J.G.
1

2

13#

insf

13

14#

10#

15*

15

insf

M.L.
1

2

8#

9k

9

10*

8

9i

11#

13

Mean clotting time

. 1 ...iLUII.

12.8 min

b)

14.4

c)

14.1

d)

15.9
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Experiments in vitro.

cm OTVA

from Analysis of Variance: (on means of replicate readings)

Differences betvreen means;

(1) Between a,b,c. /

S,E, of difference between any two means i 0»72 min (on 18 df)

(b-a) = 1.6 min, 0.02 <P< 0.05

other differences between a,b,c not significant

(2) Between (mean of a,b & c) and d.

Difference = 2.1 min

S.E. of difference X 0.59 min (on 18 df)

PC0.01
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Expsi*i.«eats in vitro.

(A) Synthetic adrenaline

(ii) Silicone-coated glass tube3

(b) Large diameter tubes

Table OLXXII

Lee & White clotting times in minutes

Replicate
reading
of

clotting
time

Addition in vitro

Subject Adrenaline ( g/l. )
Saline Nil

-2
1.25 x 10

-3
1.25 x 10

J «M.
1

2

11# min

12#

12

m

13

13

H#

Hi

G.N,
1

2

12-|

16#

12#

16

19

insf

16

17#

J.T.
1

2

n

8

6|

9i

7

91:

9 i
11

I

: R.D-
1

2

12#

insf

Hi

17#

13

insf

17#

20

j.a.
1

2

10

11

11

11#

Hi

15

15

16

B.P.
1

2

12

12

12

12

12

15

16

161
(?.' K 1

B.H.
1

2

H

Hi

i#r

i5i-

15

151

17#

ia£

Mean clotting time

a)

11.9 rain

b)

12.8

c)

13.8

d)

15.7
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Experiments In vitro.

frfrle cWVd

from Analysis of Variance: (on means of replicate readings)

Differences between means;

(1) Between a#b,c.

S.E. of difference between any two means & 0.07 min (on IS df)

(c-a) « 1,9 rain, 0.01 <P <0.02

other differences between a,b,c not significant

(2) Between (mean of a.b & c) and d.

Difference » 2.9 min

S.E. of difference jfc 0.58 rain (on 18 df)

P <0.01



Experiments in vitro.

(B) Natural adrenaline

(i) Glass tubes

(a) Small, diameter tubes
Table CLXXII1

Lee & White clotting times in minutes

Subject

Replicate
reading
of

clotting
time

Addition in vitro

Adrenaline ( g/l. )
Nil

—2
1.25 x 10 1.25 x 10~3

R.8.
1

2

7 min

8k

7 8k

9

8k

10k

J.C.
1

2

3

9

si

iok

9

iofr

9

iofr

E.J.
1

2

7f

n

7k

7%

#73
*4

7$

74-

9k

S.R.
1

2

7 7i

8k

7

9k

8k

H

I.S.
1

2

8

8

8k

10

8

ioi

8

8k

Mean clotting time

a)

8.0 min

b)

8,A

c)

8.6

d)

8.9

from Analysis of Variance: (on means of replicate readings)
Differences between means;

(1) Between a,b,c.
S.E. of difference between any two means ± 0.31 min (on 12 df)

no diffei-ences significant
(2) Between (mean of a,b St c) and d.

Difference = 0.6 min
S.E. of difference * 9.26 min (on 12 df)

0.02 <P <0.05



Experiments In vitro.

(B) Natural adrenaline

(i) Glass tubes

(b) Large diameter tubes
We CI,XXIV

Lee & White clotting times in minutes

Replicate
reading
of

clotting
time

Addition in vitro

Subject Adrenaline ( g/l. )
Saline Nil

1.25 x 10~2 1.25 x 10*"3

J.B.
1

2

9£ min

n

ioi

10|

10g-

10|

ioi

12f

H.W.
1

2

Ti

9

#

9

7

7i

7

8i

(B) Natural adrenaline

(ii) Silicone-coated glass tubes
-

(b) Large diameter tubes
T^le CLXSV

Lee & White clotting times in minutes

Replicate
reading
of

clotting
time

Addition in vitro

Subject Adrenaline ( g/l. )
Saline Nil

1.25 x 10~2 1.25 x 10~3

T

1 11-f: rain ! 12t ll-! I5i

2 13i u 13k insf

H.W.
1

2

10-h

11

11

Insf

Hi

insf

10|

12k
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Experiments in vitro

(B) Natural adrenaline

(i) Silicone-coated glass tubes

(a) Small diameter tubes

Table CLX1TI

Lee & White clotting times in minutes

Subject

Replicate
reading
of

clotting
time

Addition in vitro

Adrenaline ( g/l. )
Saline Nil

1.25 x 10* -3
1.25 x 10

R.S.
1

2

10 min

122

10

1<&

12

12k

13

insf

J.C.
1

2

13

15&

13k

uk

15

i5i

16|

17

S.R.
1

2

11

lli

iii

lit

13

insf

12

14t

I.S.
1

2

12

13i

12

ui

13

Uk

uk

15

Mean clotting time

a)

12.3 niin

b)

12.3

c)

13.6

d)

14-*4-

from Analysis of Variance; (on means of replicate readings)
Differences between meanst

(1) Between a,b,c.
S.E. of difference between any wo means * 0.27 min (on 9 df)

(c-a), (c-b) * 1.3 min, P 0.01
(2) Between (mean of a,b & c) and d.

Difference =1.7 min
S.E. of difference ± 0.22 min (on 9 df)

P <0.01
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Experiments in vitro*

Synthetic adrenaline ( U concentrations )

(i) Glass tubes

(a) Small diameter tubes
Table CLXXVII

Lee & White clotting times in minutes

Subject

Replicate
reading
of

clotting
time

Synthetic adrenaline added in vitro

{ x 10 ^g/1. )

12.5 5.2 2,2 0.9

J.R.
1

2

a

9k

7k

7k

7k

10

7§- min

9k

A.S.
1

2

7k

9

8

9

8

9

7

! 3 1

A.R.
1

2

QJL
72

9k

9k

10

9k

9k

10

insf

II.D.
1

2

6*

6£

6

6i insf

7

insf

J.M.
1

2

n

7k

T£

8

7i

8

7£

7k

A.N.
1

2

6f 6f

insf

7

7

6f

7

a) b) c) d)

Mean clotting time 7.8 7.7 7.9 7.9 min

from Analysis of Variance: (on means of replicate readings)

S.E. of difference between any two means ± 0.22 min (on 15 df)
No differences significant



^22 Experiments in vitro.

Synthetic adrenaline ( A concentrations )
(i) Glass tubes

(b) Large diameter tubes
T^Kle CLXXvlII

Lee & White clotting times in minutes

Subject

Replicate
reading
of
clotting .

Synthetic adrenaline added in vitro

( i<rVi. )

time
12.5 5.2 2.2 0.9

M.A.
1

2

&k rain

7t

6£

8

8

83

G.M.
1

2

6

6 6

7

7i

6t

7£

H.B.
1

2

6§-

6f

7

7k

6§-

7

n
(

7k

W.P,
1

2

5t-

6

5-1

5i

5i

5-1

6|-

6§-

K.B.
1

2

A

7

3f

A£

A

6 6k

Mean clotting time

a)

6.2 min

b)

6.4.

c)

6,A

d)

6.8

from Analysis of Variance; (on means of replicate readings)

8.E. of difference between any two means 1 0.32 rain (on 12 df)
Wo differences significant
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Experiments in vitro.

Synthetic adrenaline ( 4- concentrations )

(ii) Silicone-coated glass tubes

(a) Small diameter tubes
Table clxxix

Lee & White clotting times in minutes

Subject

Replicate
reading
of
clotting
time

Synthetic adrenaline added in vitro

( 10~3 g/1. )

12.5 5.2 2,2 0.9

J.R.
1

2

16 min

16#

13-#

14#

14.

20#

16

17

A.S.
1

2

11#

12

12i

12k

10#

12#

13

15

j; a.r.
1

2

10#

11

12

insf

13#

u#

13

13#

r.D.
1

2

7#

insf

10#

insf

9#

10#

9#

10#

J.m.
1

2

8#

11

8#

11

8

9#

10#

11

a.N.
1

2

10#

11#

10

10

9#

10

9#

10

a) b) c) d)

Mean clotting time 11.1 min 11.4- 11.8 12.4

from Analysis of Variance; (on means of replicate readings)

S.E. o? difference between any two means ± 0.64 min (on 15 df)
No differences significant



- 524 -
Experiments la vitro

Synthetic adrenaline ( 4 concentrations )

(ii) Silicone-coated glass tubes

(b) Large diameter tubes
Table CLXXX

Lee & White clotting times in minutes

Subject

Replicate
reading
of

clotting
time

Synthetic adrenaline added in vitro

( 10~3g/l. )

12.5 5.2 2.2 0.9

M.A.
1

2

Sgmin

10* ioi

10|

10|

8f

9k

Q.M.
1

2

iok

10k

Hi

12

' Hi

12

12

12

H.B.
1

2

Hi

13

13

13

11

13

lii

Hi

W.P.
1

2

II

I2i

11

12

124

134

10

11

N.B.
1

2

11

Hi

Hi

12

Hi

12|

Hi

Hi

a) b) «) d)

Mean clotting time 11.0 min 11.5 11.8 10.9

from Analysis of Variance: (on means of replicate readings)

S.E. of difference between any two means - 0.37 min (on 12 df)

Differences between means:

(c-d) = 0.9 min, 0.01<P<0.02
(c-a) « 0.8 min, 0.02<P<0.05
other differences not significant
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Experiments in vitro.

Synthetic adrenaline ( 5 concentrations )

Silicone-coated glass tubes

Small diameter tubes

Me TO
Lee & White clotting times in minutes

Replicate
reading
of

clotting
time

Addition in vitro

Subject Synthetic adrenaline ( g/1. )
Saline

10"*5 10"6 10~7 io~8 10~9

1 12 min 10 10# 10 12 13

G«C, 2 lit 11 11# 10 12

3 11# 9# 11# 11 11#

1 15# 14 15 15# 15# 13

J.P. 2 154" 11# 15 U# 15

3 16# 16 H# Mi M#

1 11 13 11# 12# 13# 11

H.B. 2 13 12# 12 12# 12 12#

3 10 12 13# 12

1 12# U 13# 13# M# 15#

M.B, 2

3

U

U 13

15#

13 15

151

11 15

11#

15#

Mean clotting time
(subjects weighted

equally)
13.0rain 12.7 12.3 13.1 13.1 13.1



Experiments in vitro*

ffffeotp, of Noradrenaline added in vitro

on Lee & White Clotting Times in (i) Glass Tubes

(ii) Silicone-coated Glass Tubes

Clotting times in minutes

(Small tubes, 9 am in diameter)

(i) Glass tubes (Table CLXXX3I)

Replicate
Addition in vitro

Subject
reading
of

4
Noradrenaline base (g/l.)

Saline Nilclotting
time "A

4.2 x 10
"A

2.8 x 10

H.G.
1

2

7g- rain

8

8k

9

6

8

6

&k

P.P.
1

2 9k

7f

8-k

8

9

8

8

R,S.
1

2

10

10i

lok

insf

ioi

id

ni

Hi

I.W.
1

2

8

8

9

9k

9k

9k

9

H

H.R.
1

2

9

10

9

9k

9k

iok

10k

insf

N.R.
1

2

8

9

8

iok

9k

11

8

9k

a) b) a) d)

Mean clotting time 8.8 rain 9.2 9.3 9.3

4 synthetic 1-noralrenaline bitartrate
('LevophedBayer)
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Experiments in vitro.

Wfty TO

from Analysis of Variance; (on means of replicate readings)

Differences between means:

(1) Between afb,c«

«E. of difference between any two means t 0.27 min (on 15 df)

no differences significant

(2) Between (mean of a,b & c) and d.

Difference » 0.2 min

S.E. of difference * 0.22 min (on 15 df)
difference not significant
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Experiments In vitro.

(ii) Silicone-coated glass tubes (Table CLXXXIII)

Replicate
reading
of

Addition in vitro

Subject Noradrenaline base (g/l.l
Saline Nilclotting

time -4
4.2 x 10

-4
2.8 x 10

H.C.
1

2

10* min

11*

11*

12*

10

13

10

12*

P.P.
1

2

13

insf

9

11

13

j 14

13

15

R.S.
1

2

11*

13*

11*

14

13

15*

16*

17*

I.W.
1

2

11*

11*

11

12

11*

12

11*

Insf

H.R.
1

2

10

12

10

13

10

12*

12*

12*

K.R,
1

2

15*

17*

15*

17*

13* :

17*

19

insf

a) b) c) d)

Mean clotting time 12.6 min 12.3 13.0 14.2

from Analysis of Variance: (on means of replicate readings)
Differences between means:

(1) Between a,b,e.
S.E. of difference between any two means * 0.6,4 rain (on 15 df)

no differences significant
(2) Between (mean of a,b & c) and d.

Difference = 1.6 min

S.E. of difference * 0.53 rain (on 15 df)
P <0.01



APPENDIX OF R' AGISITS AID TECHNIQUES

Reagents

Saline

The solution contained 8.5 g sodium chloride per litre of

distilled water.

Calcium chloride solutions

0,10 molar calcium chloride solution was prepared by-

dilution of one part molar calcium chloride solution with nine

parts distilled water,

0,05 molar calcium chloride solution was prepared by-

dilution of one part 0,10 molar calcium chloride solution with

one part saline.

0.025 molar calcium chloride solution was prepared by-

dilution of one part 0.01 molar calcium chloride solution with

three parts saline.

Heparin

Two forms of heparin were usedt

(1) 'Liquemin* solution (Evans) 1000 i.u./ml.

(2) Heparin, B.P. (Boots). This was obtained as a dry

sterile powder in sealed glass ampoules each containing 20,000

i.u. Batch Ho. 10161 was used throughout, its potency being

given as 102.A i.u./mg. A known mass, weighed on a micro-

balance, was diluted with saline to prepare a 1000 i,u./ml,

stock solution.

For any particular experiment, dilutions with potencies

in/



in logarithmic series were prepared from one or other stock

solution. The diluent for the heparin solution in the

heparin resistance test using whole blood (p. 13 ) was saline,

while that for the test using platelet-rich citrated plasma
f

(p. 22) was 0.10 molar calcium chloride solution.

Adrenaline

Stock bottles contained 'synthetic1 or 'natural'

adrenaline Is1000 solution and were stored in the dark at 4°C.

The suppliers quote the composition of their solutions as

follows s

'Synthetic' adrenaline (as the tartrate)

•Injection of Adrenaline', B.P. (British Drug Houses)

Adrenaline 0.10$
Chlorbutol 0.50$
Tartaric acid 0.08$
Sodium metabisulphite 0.10$
Sodium chloride 0.80$ to make an isotonic solution.

♦Natural' adrenaline:

'Adrenalin chloride solution' (Parke, Davis)

Adrenaline hydrochloride equivalent to 1:1000 of adrenaline
base.
Chlorbutol 0.50$
Sodium bisulphite not more than 0.10$ in an isotonic
solution of sodium chloride.

Synthetic adrenaline was used in all experiments except

for the experiments in Cats 3, $» 5, 9> 12, 13 and 17.

Natural adrenaline was used in the experiments in these cats

because Gannon and Gray (191A.) and Grabfield (1916) used a

similar natural adrenaline preparation by Parke, Davis. The

makers state that the formula of their product used by these

workers/



workers differed from that used in the present experiments,

only in the absence of sodium bisulphite.

It is important to note that adrenaline prepared from

natural sources contains from 10$ to 35$ noradrenaline

(Auerbach and Angell, 194-9? Goldenberg et al.. 194-9J

TuHar, 1949).

(n.b. Messrs Parke, Davis state that it was subsequent

to the issue of the batches used in the present experiments

that they introduced a special process to remove noradrenaline

from their natural adrenaline preparation.)

Repeat assay of synthetic adrenaline solutions.-'

British Drug Houses kindly agreed to reassay the potency

of the particular stock bottles used in the present experi¬

ments. Their assay employed the response of the blood

pressure of the spinal cat to the intravenous injection of

adrenaline and doses of a standard adrenaline preparation

were injected alternately with doses from the bottles used by

the candidate. British Drug Houses report their results as

follows:

Bottle no. Adrenaline potency ( x ICf^g/ml.)
Repeat assay Original assay

(= labelled potency)

(1) 155351/1/1112 0.857 1.000

(2) 14133I/1/H06 0.914- 1.000

(3) 152209/1110 0.990 1.000

The repeat assay was carried out after completion of all

the/



the present experiments and thus the results represent a

maximum loss of potency. It appears that Bottles 1 and 2

were only 86$ and 91$ respectively of their labelled potency

but this loss of potency has been ignored in calculating

adrenaline doses.

Potency of dilute adrenaline solutions.-

Freshly prepared solutions of adrenaline exposed to air

at room temperature lose their potency in parallel with the

extent of dilution. Argent and Dinnick (1954.) report that

when exposed to such conditions, a 1:1000 solution remained

potent for 12 hours whereas a 1:10,000 solution had lost $0$

of its potency after two hours and a 1:100,000 solution had

lost all potency after half-an-hour.

However Somers (1954.) points out that the official

injection of adrenaline which contains adrenaline tartrate

(the 'synthetic' adrenaline used in the present experiments)

is much more stable than the ordinary solution of adrenaline

hydrochloride, B.P. (the 'natural' adrenaline of the present

work) which is not intended for parenteral administration.

Ascorbic acid has been reported (Gaddum et al.« 194-9) to

reduce the rate of inactivation of adrenaline solutions. A

1:100,000 solution is said to be stabilised for from one to

two hours by the addition of ascorbic acid to a concentration

of 10"" g/ml. and to be suitable for intravenous injections in

cats (Somers, 1954-) •

In the adrenaline infusions in man, saline containing

added/



5 -

-6
added ascorbic acid in excess of 10 g/ml. was used as diluent.

Two types of solution were prepared. In one, saline contain¬

ing vitamin C was sterilised by heat and allowed to coolj a

half to two hours before infusion the adrenaline was added

tinder aseptic precautions. Such solutions were termed

'active'» In the other type of solution, the adrenaline was

added to the saline containing vitamin C before the heat

sterilisation:these solutions were termed 'inactivated'.

The solutions of adrenaline injected in animals were

prepared by dilution from 1:1000 solution with saline within

five minutes before use.

Adrenocortico-trophie hormone (A.C.T.H.)

Adrenocortico-trophic hormone of the anterior pituitary

was supplied as ampoules of 'AOTHAE' (Armour) lyophilised,

containing in powder form 'the equivalent of 25 mg of Standard

LA-l-A', All ampoules were from the same batch (K 29901) and

doses are expressed In the present experiments as 'mg equival¬

ent' (of K 29901 of Standard LA-l-A).*

For infusions in man, saline was sterilised by heat and

allowed to cool} a half to two hours before infusion the

A.C.T.H. was added under aseptic precautions.

Within an hour before intravenous injection in animals,

a weighed amount of 'ACTHAR' powder was made into solution

with 2 ml. saline.

* Where reference is made to previous reports in the

literature, doses are expressed in nig.



General Techniques

Chemical cleaning of glass-ware

Glass vessels and pipettes were completely immersed for

at least 12 hours in fresh concentrated sulphuric acid

containing potassium dichroaate. (Potassium dichroraate

40 grams per litre sulphuric acid.) They were then washed

in a stream of tap-water in a basin or pipette-washer for

several hours and rinsed three times with distilled water.

Drying was carried out in a hot-air oven at 120°C.
Contact with soap or non-soapy detergents was avoided

in view of the report that detergents with an alkyl sulphate

base interfere with the recalcification of plasma by combining

with calcium (Lehmaun, 1951)•
;

• i'l-V
Sllicone-coating of glass-ware

Glass vessels (other than syringes) were coated with

silicone by the following process.

(1) Chemically clean glassware was treated with as thin a

layer of silicone as possible using cotton-wool. The non-

viscous liquid silicone used was either 'Dri-fila' or

'Silicone fluid M 441* both supplied by The General Electric

Company of America, or 'Dlmethyldiehlorosilane• supplied by

the Midland Silicone Division of Albright and Wilson. All

three brands appeared to be satisfactory but the fumes given

off by •Dimethyldichlorosilane1 made it more unpleasant to

apply*

(2) The silicone layer was hydrolysed by contact with

distilled/



distilled water applied by rubbing with wet cotton-wool.

(3) The silicone-coated glass surface was dried and polished

by dry cotton-wool. Any cotton-wool threads left adhering to

the surface were removed by polishing with dry gauze or damp

linen.

Immediately after use, blood clot in contact with the

silicons-coated glass surface of a vessel was removed by wash¬

ing with cotton-wool in a stream of tap-water. The vessel

was then rinsed three times with distilled water and dried in

a hot-air oven at 120°C.

The complete silicone-coating process was repeated before

re-use.

Glass vessels and pipettes to be silicone-coated for use

in the same experiment were coated at the same session to

avoid spurious effects due to differences between sessions in

the efficacy of the technique of coating. On the first

occasion on which a particular glass vessel was silicone-eoatec

it was indelibly marked on the uncoated surface to allow

permanent identification as having been previously so treated.

Once a particular vessel had been marked it was never again

used as an ordinary glass vessel.

Preparation of syringes and needles

Needles of serum 20 gauge and all-glass syringes of 2,

5, 10 and 30 ml. capacity were used. Needle points and

bevels were inspected before re-use and, if observed to be

unsatisfactory, sharpened on an Arkansas stone. Instead of

the/
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the standard liquid paraffin lubricant, the viscous liquid

silicone 'Dow Corning 550' was employed as a lubricant for all

syringes. (This fluid was supplied by the Midland Silicone

Division of Albright & Wilson.) Care was taken to cover the

entire inner surface of the barrel and plunger with a film of

silicone and a drop of silicone was placed in the butt of the

needle before it was applied to the nozzle of the syringe.

Silicone was then also squirted from the syringe into the

lumen of the needle. The lumen of the needle contained a

stylet and was surrounded by a piece of glass tubing

sufficiently long to protect it3 point.

For sterilisation the syringes were assembled in

individual glass boiling tubes wrapped by kraft paper secured

with string. Sterilisation was effected by autoclaving for
2

20 minutes at a pressure of 1$ lb/in . The syringes were

then dried in a hot-air oven at 120°C.

Following use the syringes were washed with water, rinsed

in a stream of tap-water and dried in a hot-air oven.

Two-syringe withdrawal of blood samples in man

This technique was employed following all venepunctures

in man.

Only the veins in the elbow and forearm region were used

for withdrawals of blood. The cloth-covered rubber cuff of an

aneroid sphygmomanometer was applied evenly to the upper arm

with its lower border an inch or more above ohe elbow joint.

The skin was cleansed with a sterile gauze swab soaked in

methylated/
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methylated ether and the cuff rapidly inflated to between

diastolic and systolic blood-pressures. Venepuncture was

made with a 20 gauge serum needle attached to a 2 ml. syringe.

This syringe was filled with blood, detached from the needle,

and a second syringe of either 10 or 30 ml. capacity attached

to the needle left in 3ttu in the vein. This was done in an

attempt to rinse the products of tissue and venous wall damage

from the needle into the first syringe. The blood from this

first syringe was reserved for laevulose and/or dextrose

estimation or for blood cell counts or discarded; it was not

used for clotting tests. The second syringe was allowed to

fill passively or with only slight traction on the plunger.

This blood was used for clotting tests.

Only one venepuncture was carried out in each vein

except when only one vein was accessible or when many vene¬

punctures were required. In any series of venepunctures in

a single vessel, an attempt was made to work proximo-distally

to avoid passage of subsequent blood samples over tramatised

vessel wall immediately before withdrawal.

,Blood dextrose

This was determined on oxalated blood by the Hagedorn-

Jensen (1923a,b) method by the Staff of the Biochemistry

Laboratory, Royal Infirmary, Edinburgh.

Blood Laevulose

This was determined on oxalated blood by the modification

by Stewart et al. (1938) of the diphenylamine colorime trie

ttethod/ *
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method of Patterson (1935)• The estimations were carried out

by Mr Alison, Superintendent, Biochemistry Laboratory, Royal

Infirmary, Edinburgh.

Blood cell counts

All blood counts were made on fresh whole blood deposited

on a silicone-ooated watch-glass directly from the first

syringe of a two-syringe withdrawal.

Platelet cell count.-

Diluting fluid:-
(Baar, 1948)

Saponin B.D.H, 0,25 g
Sodium citrate 3»B% 3,50 g
Brilliant cresyl blue 0.10 g
Formaldehyde Ififj 1,00 ml.
Distilled water to 100,00 ml.

Dilution 1:200 in a red blood cell pipette.
Cells in 0,1 mur* of diluted blood counted in a Neubauer
counting chamber.

Number ofQcells counted multiplied by 2000 to egress ascells/mm^.

Eosinophil count«-

Diluting fluid:-
(Dunger, 1910)

Aqueous yellowish eosin 2;Z 5 ml.
Acetone 5 ml.
Distilled water to 100 ml.

Dilution 1:20 in a white blood cell pipette.
Cells in 6.4 of diluted blood counted in a Fuchs-
Rosenthal counting chamber.

Number of,cells counted multiplied by 3»12 to express as
cells/mmr,

Total leucocyte cell (white blood cell) count.-

Diluting fluid

Acetic/
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Acetic acid 7$ 50 ml.
Gentian violet 1% 7 ml.
Distilled water to 100 -il.

Dilution 1:20 in a white cell pipette.
Cells in 0.4 ram-* of diluted blood counted in a Neubauer
counting chamber.

Number of cells counted multiplied by 50 to express as
cells/mm^.

Differential lucocyte cell (white blood cell) count.-
, t ■ • I . ,

Slides stained Leishraan.
Differential count based on total count of 400 cells.

Citration of blood

Nine volumes whole blood, immediately after withdrawal

from man in the second syringe of a two syringe withdrawal,

were thoroughly mixed with one volume of 3*3$ sodium citrate

solution in a silicone-coated glass vessel in ice and water.

In animals citrated blood was prepared by mixing 19

volumes whole blood, immediately after withdrawal in the seconc

syringe of a two syringe withdrawal, with one volume of %

sodium citrate solution in a silicone-coated glass vessel in

ice and water. Citrated blood samples were prepared only in

Dogs 8 and 9.

Platelet-rich citrated plasma

Whole blood, immediately after being citrated, was spun

at 1000 rev/min for 10 minutes in a centrifuge with radius of

13*5 era* The supernatant plasma was pipetted into a vessel

in ice and water and used within two hours in the calcium time

or heparin resistance tests. All the glass vessels and

pipettes/
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pipettes used were sillcone-coated.

Platelet-poor oitrated plasma

Citrated whole blood wa3 spun at 3,500 rev/min for 20

minutes in a centrifuge with, radius of head 13,5 en. The

supernatant plasma was pipetted off and stored at -20°C in a

glass vessel for up to six weeks. When required, the plasma

was rapidly thawed in a 37°0 water-bath and kept in ice and

water during the experiment.

Technique of Plotting Tests

Plotting tests using whole blood

ft White getting tgpt in glass qnd silieone-coated

glaas tubes (Lee and White, 1913).*

Whole blood from the second syringe of a two-syringe

withdrawal was transferred to a silieone-coated glass vessel in

ice and water. Within five minutes the blood was put out in

0.7 ml*s into tubes in which the clotting time was to be

measured by means of a silicone-coated glass 10 ml. graduated

pipette. The diameter of the tubes was either 9 or 12 mm and

their contact surface either glass or silicone-coated glass.

(In the present study, tubes of 9 and 12 mm diameter are

referred to ae 'small* and 'large' respectively.)

Immediately after being filled, the tubes were placed in

a 37°C water-bath and subsequently tipped at quarter-minute

intervals. Filling and tipping of the tubes were carried out

in/



In a balanced random order derived from a Latin square. All

clotting times were estimated by the same observer and record¬

ed to the nearest quarter-minute by a stop-watch started at

the time of filling of the first tube with blood. An

inversion end-point was used in the glass tubes but the first

appearance of clot was taken as the end-point in the silieone-

coated glass tubes because inversion end-points, especially in

the 12 mni diameter tubes, were sometimes not obtained.

Several, usually four, replicate readings of clotting time

were made on each blood sample.

The technique employed in the animal experiments was

similar except that the time allowed for filling the second

syringe was arbitrarily limited to one minute. The same

volume of blood was thus not always obtained. Whatever

volume was withdrawn was put out direct from the syringe in

volumes of approximately 0.7 ml. into as many replicate tubes

as could be filled. In the animal experiments the clotting

times were measured to the nearest minute,

Heparin resistance test using whole blood (Waugh and

Ruddick, 19AAa.b).-

The technique was similar to that employed in the Lee and

"White clotting time test. Previous to the addition of 0,7

ml. whole blood, 0.1 ml. of one of a series of heparin solut¬

ions in saline was put out into each tube.

In the same experiments in man, two replicate readings of

clotting/
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clotting time at 37°C in the presence of each of four or more

saline solutions carrying heparin concentrations in logarith¬

mic series were made on the blood obtained at each withdrawal.

In the experiments in animals a single reading of clotting

time at 37°G in the presence of each of four saline solutions

carrying heparin concentrations in logarithmic series was made

on the blood obtained at each withdrawal.

Cannon-Mendenhalj clptting test.-

The technique of the test, as described by Gannon and

Mendenhall (I9l4.a), was modified only in detail, and a

replioa of the 'coaguloaeter' was made for use in the present

work.

Principle:- The Cannon-Mendenhall coagulometer records the

resistance offered by a column of blood to the movement

through it of a copper wire. The time elapsing between

withdrawal of blood and the first evidence of a definite

resistance on half-minute trials represents the clotting time.

The Coagulometer (Figs. A6 and LI):- A copper wire, c,

approximately 8 era long and 0.5 am in diameter, bent above into

a hook and below into a small ring approximately 2 mm in

diameter, hangs vertically from the hooked end of the short

arm of a light aluminium lever# The ring at the lower end of

the copper wire hangs into the blood reservoir, r, into which

the blood is received. The lever is pivoted on a horizontal

axis, a, and the movements of its long arm in a vertical

plane about this pivot are limited in both directions. The

long/
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long ana is prevented from falling below horizontal by a

support, s, and from rising by the horizontal limb, h, of a

wire bent a right-angles and also pivoted on a horizontal

axis, b. When the vertical limb, v, of the wire is moved

from the post, p, towards the other post, q, the horizontal

limb is raised by rotation about the pivot, b. This removes

the check on the long arm of the lever of the weight of the

horizontal limb of the right-angled wire. Then, if the short

arm of the lever is the heavier, the long arm will rise.

The lever is returned to the horizontal by a reverse movement

of the vertical rod, v.

On each occasion before the blood reservoir is filled

with blood, the aluminium levar is balanced so that the

effective weight of the vertical copper wire entering the

blood reservoir is constant and equal to just over 30 rag.

This is accomplished by means of two weights, m and w, which

are attached to the lever on each side of the pivot, a. The

weight of the copper wire makes the shert am of the lever

heavier than the long arm by 30 mg. o weighs 200 mg so that

when placed a fixed distance from the fulcrum, a, it counter¬

balances a weight of 30 rag at the moment of the vertical

copper wire hanging at the end of the short arm of the lever.

A
a

\ '

m » 200 mg

\

w s 30 mg

Use/
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Use of the coaguio&eter:- With m at its fixed distance from

the fulcrum and a copper wire hanging from the hook at the end

of the short arm of the lever, the lever is balanced using

weight w to compensate for differences in the weight of the

copper wires. Weight m is then removed so that the short arm

of the lever is heavier than the long arm by 30 rag. Thus

whenever the vertical rod is moved from the post, p, against

which it is held by the weight of the horizontal rod, h,

towards the other post, q, the check on the long arm of the

lever is lifted and the long arm rises. The copper wire at

the end of the short arm of the lever then dips further into

the blood in the reservoir. It is returned to its resting

level in the reservoir by restoring the lever to the horizontal

using the vertical rod, v.

The movements of the lever are recorded on a smoked drum

by means of a writing swivel attached to the end of the long

arm of the lever. Vertically below the writing point of the

lever is set the time marker, t, which records a time scale

on the drum at intervals of 30 seconds* The drum speed is

1 cm/rain. The pivot, a, carrying the lever is mounted on a

wodderi board, d, fitted with a screw clamp, e. By means of

this clamp the whole apparatus is attached to a vertical rod,

f, and suspended at a variable height over a thermostatically-

controlled water-bath, g.

In the first few animal experiments in which the Cannon-

Mendenhall clotting time was measured, the temperature of the

water-bath/
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water-bath In which the cannula or tube forming the blood

reservoir was placed was thermostatically controlled at 25°G
(Cats 18, 19, 20; Dogs 3, 4, 5).

A bath temperature of 30°0 was subsequently adopted in

animal experiments and was used in all readings in man. At
d

25 C (the temperature used by Cannon et al,) the clotting

times were sometimes too long to be recorded. As only one

apparatus was made, this limited the number and frequency of

records and also rendered tedious or impossible the demonstrat¬

ion of any lengthening of clotting time. With slowing of the

clotting process as a consequence of the low temperature, the

end-point also was less sharp.

It was considered, on the other hand, that at 37°C the

clotting times were likely to be sometimes inconveniently

short to allow demonstration of any shortening of clotting

time. Also the tests of clotting were conveniently made

at intervals of 30 seconds and if the clotting process were

hastened by higher temperature this interval would become

long in relation to the clotting time. Further, the blood

reseivoir is at room temperature and rapidly cools the small

volume of blood which enters it. The time taken for the
• ' _*i.') * .

cannula to heat from room temperature to bath temperature

constitutes a systematic error and this time would be

appreciably longer if the bath temperature vra.3 37°G rather

than 30°C.

Cannon et al. used a cannula as a blood reservoir and this

procedure/
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procedure was followed here in animal experiments. The

different mode of withdrawal of blood samples in the experi¬

ments in animals from the venepunctures employed in man

necessitated a difference in the type of blood reservoir into

which the copper wire dipped. The apparatus and technique

were otherwise identical in experiments in man and animals.

Withdrawal of blood samples for Gannon-Mendenhall clotting

time test in animal experimentst- Both femoral arteries were

exposed in the femoral triangle and freed from surrounding

tissue. A narrow artery clip with each limb enclosed in soft

rubber was applied to each artery immediately distal to the

deep femoral branch. This site for the clip was chosen to

minimise stagnation of blood above the clip and to ensure that

blood flow from the femoral artery into its deep femoral

branch was not interrupted. About 1.5 cm distal to the clip

the femoral artery tjas 11gated to prevent back-flow in the

segment immediately distal to it. An opening was then made

between the clip and the ligature and the blood milked out of

this closed-off segment of vessel with the minimum of vessel

wall damage and discarded.

To prevent drying of the vessel during the experiment it

was covered between withdrawal of blood samples with a gauze

swab smeared with soft paraffin and the skin edges of the

incision over the vessel drawn together with artery forceps

over the swab.

Blood samples were taken by means of cannulae which also

served as blood reservoirs. By drawing the cannulae from the

same/
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same glass tubing of 1 cm diameter and making the total

length U cm and distance from shoulder to point 1 cm,

reservoirs of fairly uniform capacity were obtained,

When a blood sample was required, a cannula was introduc¬

ed proximally through the opening in the femoral artery wall.

The clip on the artery was then released and the point of the

cannula inserted farther so that it came to lie in the femoral

artery just proximal to the origin of the deep femoral branch.

Thus it was ensured that the blood filling the cannula was

drawn from the uninterrupted stream from the femoral artery
\

into its deep femoral branch. As the cannula filled to a

marie, a stop-watch was started. Immediately after removal

from the vessel, the tip of the cannula was plugged with

plasticine and the cannula was supported in the water-bath by

plunging it into a mound of plasticine on the floor of the

bath.

The clip on the artery was reapplied as the cannula was

removed and the wound was closed again over the swab.

Withdrawal of blood samples for Cannon-Mendenhall clotting

time test in man:- In man, an ordinary 9 mm diameter glass

tube replaced the cannula as a blood reservoir. Immediately

after withdrawal, this tube was filled with blood direct from

the second syringe of a two-syringe venepuncture. The tube

was supported in the water-bath by plasticine in the same way

as the cannula in the experiments in animals.

Estimation of Cannon-Mendenhall clotting time:- The apparatus

was lowered on its vertical support until the copper wire

dipped/
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dipped Into the blood in the reservoir.

At intervals of 30 seconds, recorded on the smoked drum

by the time-marker, a stop-watch was started as the check on

the long arm of the lever was lifted to permit the copper wire

to dip farther into the blood in the reservoir. Four seconds

later the copper wire was restored to its resting level in the

reservoir by returning the lever to the horizontal. If four

seconds elapsed before the wire dipped into the blood in the

reservoir to its full permitted extent, clotting was regarded

as having occurred. Occasionally the swing of the lever

would be checked for a moment and would then begin to move

rapidly, When this occurred the next record almost always

was the short trace on the drum which also signified that

clotting had occurred. To confirm that the fall of the wire

had not been checked because of some spurious technical fault,

further evidence of clotting was always obtained by recording

several consecutive short traees. The first short trace was

then taken as the end-point.

As soon as the end-point was registered, the wire with

the cannula or tube forming the blood reservoir was lifted

out of the water-bathj the reservoir was then pulled away

from the wire disclosing the degree of clot formation.

Although the appearance of the clotting blood could not be

taken into account in estimating the end-point, this was

observed to vary greatly. In agreement with Cannon et al«.

it was found that when the clotting process was very rapid

the/
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the clot was a thick gel whereas when the process was slow a

strand of fibrin or at most a small amount of gel ma found.

This difference in the degree of coagulation introduced, of

course, an element of inexactness but it was not found

possible to devise any procedure which would take this

difference into account. Cannon et al. regarded the gel as

a later stage of dotting than the fibrin strand and pointed

out that this inexactness was unfavourable to the results

they sought « an acceleration of clotting.

After the wire had been removed from the reservoir, the

clot attached to its ring tip was carefully brushed amy under

a stream of cold tap-water. The wire was then dropped into

a beaker receiving a stream of hot tap-water and there allowed

to remain for five minutes. On removal from this the wire

was rinsed with distilled water and stored in absolute

alcohol. About half-an-hour before being required for re¬

use, a wire was shaken free from alcohol and transferred to a

vessel containing ether. A few minutes before being hooked

on to the aluminium lever, the wire was removed and the ether

allowed to evaporate.

A triraraed feather was inserted into the cannula in a

stream of cold tap-water to wash out the plasticine plug and

blood clot. The cannula was then chemically cleaned as all

other glassware, that is, completely immersed for at least

12 hours in fresh concentrated sulphuric acid containing

potassium dichromate (4-0 g/l.), washed in a stream of cold

tap-water/
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tap-water for several hours, rinsed three times with distilled

water and dried in a hot-air oven at 120°C.

Clotting testa using platelet-rich citrated plasma

Calcium time test.-

Glass tubes, 9 mm diameter, containing 0.1 ml. of an

0.10 molar calcium chloride solution were placed in a water-

bath at 37°G. 0.4- ml. platelet-rich citrated plasma, which

had been withdrawn not more than two hours previously, was

added to each tube.

Immediately after being filled, each tube was moment¬

arily removed from the water-bath and rotated vertically

between the hands to ensure mixing of its contents. The

tubes were then tipped at quarter-minute intervals until an

inversion end-point was reached. Filling, mixing and tipping

of the tubes were carried out in a balanced random order

derived from a Latin square. All clotting times were measured

at 37°C by the same observer by a stop-watch started at the

time of filling of the first tube with plasma.

Several, usually four, replicate readings of clotting

time were made on each plasma sample*

Heparin resistance test using platelet-rioh citrated

plasma.- (modified from Silverman, 1948)

The technique was similar to that employed in the

calcium time test using platelet-rich citrated plasma but the

0.1 ml. of 0.10 molar calcium chloride solution in each tube

here/
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here carried a heparin concentration. Calcium chloride

solution not carrying a heparin concentration was added to

similar •control1 tubes.

Four replicate readings of clotting time at 37°C in the

presence of each of four or more saline solutions carrying

heparin concentrations in logarithmic series were made in the

same experiment.

Clotting: tests usina alatelet-poor citrated plasma

Quick's prothrombin time test (Quick et al». 1935).-

Preparation of acetone-dried human brain thromboplastin}- The

meninges and large superficial blood-vessels were removed from

the cerebral hemispheres of a human subject who had died

within the previous IS hours. The brain tissue was macerated

under acetone to produce a coarsely divided dry product accord¬

ing to the method of Biggs and Macfarlane (1949). The

minimum clotting time attainable with each batch of dried

brain was variable but each batch retained its potency for

two months when kept at room temperature. When required for

an experiment, the dry product was incubated with saline at

37°C for 30 minutes and stirred several times with a wooden

applicator. The opaque supernatant was then separated from

the brain debris by filtration through gauze or glass-wool.

(The volume of saline added to the dried brain was that which,

after incubation, produced a suspension giving the shortest

prothrombin time - usually between 12 and 15 seconds. This

dilution of dried brain with saline which gave the shortest

prothrombin/
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prothrombin time was determined for each fresh batch of brain

powder before use.)

Estimation of 'Prothrombin Time*Using concentrated brain

thromboplastin i-

A stop-watch was started when 0.1 ml* brain suspension

(prepared as above) and 0.1 ml. of 0.025 molar calcium

chloride solution at 37°G were added simultaneously to 0.1 ml.

platelet-poor citrated plasma held at 37°C in a 9 mm diameter

glass tube. The tube was then shaken in the water-bath in a

beam of light directed horizontally just below the surface of

the water (Lyttleton, 1949). The end-point was taken as

the first appearance of clot formation and the clotting time

recorded to the nearest 0.1 second.

Four or more replicate readings of the clotting time at

37°0 of each plasma to be tested were made in a balanced

random order derived from a Latin square.

Using dilute brain thromboplastin

The test using dilute brain thromboplastin was carried

out in the same way to that using concentrated brain thrombo¬

plastin exoept that the brain suspension was diluted with

saline until the clotting time was longer than 30 seconds when

it was added simultaneously with calcium to the 'control1

plasma. In addition, the tube was slowly tipped - rather

than vigorously shaken - in the 37°G water-bath and the
»

clotting time measured to the nearest second.

Thrombin clotting time (thrombin-plasma reaction tirae).-

Preparation of thrombin solutions- A solution of thrombin of

nominal/
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nominal potency 50 u./al. was prepared by the addition of the

appropriate volume of 0.05 molar calcium chloride solution to

an ampoule of the dried human thrombin supplied by the Lister

Institute. The potency of this stock solution was reduced by

dilution with 0.05 molar calcium chloride solution until a

thrombin clotting time convenient for the particular experiment

was obtained.

In the earlier experiments, saline was used as diluent

for the thrombin solution. Calcium was latterly added to the

reaction because this ion has been reported to accelerate the

thrombin-fibrinogen reaction (Rosenfeld and Janszky, 1952?

Ratnoff and Potts, 1954) and also to affect the properties of

the clot formed (Laki and Lorand, 1948# Lorand, 1950J Ferry

et_al., 1951i Laki, 1953).

Estimation of thrombin clotting time:- A stop-watch was

started when 0.1 ml. thrombin in 0.05 molar calcium chloride

solution was added to 0.2 ml. platelet-poor citrated plasma in

a 9 mm diameter glass tube standing in the 37°G water-bath.

The end-point was read by the method used for the 'prothrombin

tine' test.

Four or more replicate readings of the clotting time at

37°C of each plasma to be tested were made in a balanced

random order derived from a Latin square.

Special techniques for 'Animal experiments'

Anaesthesia in Animals

Anaesthetics:-/



Anaestheticss-

•Veterinary Nembutal• (Abbott) containing pentobarbital

sodium 1 gr/ml. (= 60 mg/ml.) in alcohol 10$,

propylene glycol 20$, volume/volume,

Aether anaestheticus, B.P»

Mode of administrations-

DOGS
InductionJ 'Veterinary Nembutal' up to ■§• gr/kg

body weight given intravenously over
several minutes by forearm vein;
punctures through shaved skin.

Maintenances 'Veterinary Nembutal' to 1 gr/kg
given, when required, intravenously
over one minute by exposed femoral
vein.

CATS (Except Cats 11, 12 and 13)
Inductions 'Veterinary Nembutal' 1 gr/kg

intraperitoneally.

Maintenance: 'Veterinary Nembutal' | to 1 gr
given, when required, intra-
peritoneally0

(Cats 11, 12 and 13 only)
Inductions Cat placed under bell-jar containing

cotton-wool pad soaked in ether.

Maintenances Ether by intratracheal tube.

Arterial punctures (other than for withdrawal of blood samples
for Cannon-Mendenhall clotting time test)

Puncture of the exposed femoral artery by 15 gauge serum

needle was followed by the same two-syringe technique

practised in man.

Arterial bleeding following withdrawal of the needle from

the artery was arrested by the application of a small piece of

gelatine/



- 27

gelatine gauze with gentle finger-tip pressure. Where more

than one arterial puncture was required in the same vessel an

attempt was made to work disto-proximally to avoid passage of

subsequent blood samples over traumatised vessel wall

immediately before withdrawal.

To prevent drying of the arterial wall during the

experiment it was covered between withdrawal of blood samples

with a gause swab smeared with soft paraffin and the skin

edges of the incision over the vessel were drawn together with

artery forceps over the swab.

Note;- For technique of withdrawal of blood samples for

Cannon-Mendenhall clotting time test in animal experiments

see page 3#.

Special clotting test techniques for

'Experiments in vitro1

Clotting tests using xjhole blood

Lee and White clotting time test in glass and silicone-

coated glass tubes in the presence of drugs added In vitro.-

The technique was similar to that employed in the Lee and

White clotting time test but, previous to the addition of

0.7 ml. whole blood, 0.1 ml* of one of a series of concentrat¬

ions of the drug in saline was put out into each tube. Two

types of 'control' tubes were also included; half were empty

and the other half contained 0.1 ml. of saline only.

Immediately after the blood had been added in a given

test,/
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test, the mouths of all the tubes were closed by one large

non-water wettable cellophane pad and the contents of all the

tubes mixed at the same time by being twice quickly inverted

against the pad. The tubes were then placed in a 37°C water-

bath and tipped at quarter-minute intervals. Filling and

tipping of the tubes were carried out in a balanced random

order derived from a Latin square.

A single, two, or more replicate readings of clotting

time at 37 0 in the presence of each of four or more saline

solutions carrying drug concentrations in logarithmic series

were made in the same experiment.

Clotting teats using platelet-rich citrated plasma

Calcium time test in the presence of drugs added in

vitro.-

The technique was similar to that employed in the

calcium time test. Previous to the addition of 0.4. ml.

plasma, 0.1 ml. of one of a series of concentrations of the

drug in saline was added to the 0.1 ml. of 0.1 molar calcium

chloride solution in each tube. Saline not carrying a drug

concentration was added to similar 'control' tubes.

A single or two replicate readings of clotting time at

37°C in the presence of each of four or more saline solutions

carrying drug concentrations in logarithmic series were made

in the same experiment.

Heparin resistance test using platelet-rich citrated

plasma/
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plasma in the presence of drugs added in vitro.-

The technique was similar to that employed in the

calcium time test in the presence of drugs added in vitro.

Previous to the addition of 0.4. ml. plasma, 0,1 ml. of one

of a series of concentrations of the drug in saline was added

to the 0.1 ml. of 0.10 molar calcium chloride solution carry¬

ing a heparin concentration in each tube. Saline not

containing a drug concentration was added to similar •control1

tubes.

A single or two replicate readings of clotting time at

37°0 in the presence of each heparin concentration with each

drug concentration were made in a balanced random order

derived from a Latin square. The concentrations of both

drug and heparin solutions were arranged in logarithmic

series.

Clotting tests using platelet-poor citrated plasma

•Prothrombin Time' test In the presence of dru^s added

iXi yitro.-

The technique was similar to that employed in the

•prothrombin time* test but instead of adding 0.1 ml* brain

suspension in saline and 0.1 ml. 0,025 molar calcium chloride

simultaneously, 0*1 ml. of brain suspension prepared in 0.025

molar calcium chloride solution was added. Previous to the

addition of the brain suspension, 0.1 ml. of one of a series

of concentrations of the drug in saline was added to the 0.1

ml. plasma in each tube. Saline not carrying a drug

concentration/
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concentration was added to similar 'control• tubes. A stop¬

watch was started when 0.1 ml. calcified brain suspension was

added to each individual tube.

Four or more replicate readings of clotting time at

37°C in the presence of four or more saline solutions carrying

drug concentrations in logarithmic series were made in a

balanced random order derived from a Latin s quare.

Thrombin clotting time in the presence of drugs added

in vi,tro.-

The technique was similar to that employed in the

thrombin clotting time test. Previous to the addition of

the thrombin solution, 0.1 ml, of one of a series of

concentrations of the drug in saline was added to the 0.2 ml.

plasma in each tube. Saline not carrying a drug concentrat¬

ion was added to similar 'control* tubes. A stop-watch was

started when the 0,1 ml. thrombin solution was added in each

individual tube.

Either the same thrombin solution or each of a series of

thrombin solutions carrying thrombin concentrations in

logarithmic series were used in the same experiment. With

a single thrombin solution, four or more replicate readings

of clotting time at 37°C were made in the presence of four or

more saline solutions carrying drag concentrations in logarith¬

mic series. Alternatively, a single or two replicate readings

of clotting time at 37°C were obtained with each of a series

of thrombin solutions in the presence of each drug

concentration. All readings were made in a balanced random

order derived from a Latin square.
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Figure 4-6

The Oannon-Menderihall "coagulometer"
(modified from Cannon and Mendenhall, 1914a).

I. Lateral view:

a = horizontal pivot for aluminium lever,
b = horizontal pivot for right-angled wire,
c = copper wire.
h = horizontal aim of right-angled wire,
m = weight on long arm of lever (removed during clotting teste,
(v), p and q = posts limiting movements of vertical arm of

right-angled wire,
r = blood reservoir,
s « support for long arm of lever,
w = weight on long arm of lever.

The blood reservoir rested in a thermostatically controlled
water bath as shown in sectional view (Fig. 47).
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Figure 47

The Camon-Mendenhall "coagulometer"
(modified from Gannon"and. Mendenhall, 1914a).

II. Sectional view:

a = horizontal x^ivot for aluminium lever,
d = board on which pivots a and b mounted,
e » screw-clamp attaching board to vertical rod (f).
g = thermostatically-controlled water bath,
h » horizontal arm of right-angled wire,
r » blood reservoir.
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Summary of Bqjerlmenta ji vitro

Ho consistent significant shortenings of clotting time were observed with any of the substances tested except with synthetic and natural

adrenaline in the Lea St White clotting time test in glass and silicons-coated glass tubes (soe Tables L, LI).

Substance tested
(with source)

Clotting test

He.
of
expts
made

Table
number
(raw
data)

Details of concentrations of substance tested

Range of concentrations of substance
tested in clotting mixtures

No. of
cones
tested
(exclud¬
ing
saline)

Ho. of
tests at
each cone

per expt

in vivo blood
levels measured
in previous
experiments

Laevulose
(Kerfoot & Co., pure
bacteriological
standard)

Lee & White (glass tubes)

Lee & White (silicone-coated glass tubes)

Heparin resistance test* 4 heparin cones

Quick's prothrombin times cone brain only

Thrombin clotting time: 1 thrombin cone

13

12

1

1

1

ami

axvin

XL

XLI

XLII

20-10 mg/L00 ml. + saline

20-10 + saline

42.7 - 1.6

27.8 - 1.0

27.8 - 1.0

2

2

4

A

A

Dextrose
("Analar")

Lee & White (glass tubes)

Lee & White (silicone-coated glass tubes)

Heparin resistances A heparin cones

5 heparin cones

Quick's prothrombin times cone brain only

Thrombin clotting time: 6 thrombin cones

13

12

1

1

1

1

1

1

ami

amn

XLIII

XLIV

XLV

XLVI

XLVII

XLVIII

167 - 127 mg/LOO nil. + saline

167 - 127 + saline

576 - 139

554 - 54

438 - 38

437 - 37

310 - 70

547 - 47

+ saline

2

2

4

6

6

6

6

6

1

1

4

4

4

8-0 ttg/LOO ml.

(Laevulose
tolerance tests)

1

1

4

5

6

6

6

12

221 - 57 mg/i0G mL

(Dextrose
tolerance tests)

Synthetic Adrenaline
(l-adrenaline tartrate,

B.D.H.)

Lee & White (glass tubes)

Lee & White (silicone-coated glass tubes)

Heparin resistance: 5 heparin cones

Quick's prothrombin time: 5 brain cones

cone brain only

Thrombin clotting time: 6 thrombin cones

15

11

14

11

4

1

1

1

1

anx,axx

axxra,a

am,axxii

axHx,axxx

axra

LIII ^
f

LIV

LVI

LVTI

XXVIII

1.25 x 10~2-1.25 x 10"3gA. + saline

1.25 x 10~2~ 0.9 x 10'3

1.25 x 10~2-1.25 x 10~3
1.25 x 10~2- 0.9 x lO**3

10~5- 10~9

1.7 x 10~2- 1.7 x 10-12

5.0 x 10"2- 5.0 x 10"6
-5 -9

2.5 x 10 - 2.5 x 10

2.5 x 10~2- 2.5 x 10"*12

+ saline

+ saline

+ saline

2

4

2

4

5

6

5

5

6

2

2

2

2

2

5

5

4

6

c& io"6gA •

(0ut3Choorn and
Vogt, 1952;

Weil-Malherbe
and Bone, 1952)

Natural Adrenaline
(P.D. & Co extracted:
contains ca 15%
noradrenaline)

Lee and White (glass tubes)

Lee and White (silicone-coated glass tubes)

Quick's prothrombin time: cone brain only

7

7

1

axxm,axxiv

axxv,axxvi

LV

!>
1.25 x 10 -1.25 x lO^gA. + saline

1.25 x 10"2-1.25 x 10"3
3.3 x 10"*- 3.3 x 10"12

+ saline

2

2

6

2

2

6

Noradrenaline
(1-noradrenaline
bitartrate, B.D.H.,
expressed as
noradrenaline base)

Lea & White (gLass tubes)

Lee & White (silicone-coated glass tubes)

Quick'8 prothrombin time: cone brain only

Thrombin clotting time: 3 thrombin conca

6

6

1

1

axxxii

axxxm

LIX

LX

4.2 x 10~4- 2.8 x 10"4gA. + saline

4.2 x 10-4- 2#8 x 10-4 + aaline

5.0 x 10"4- 3,0 x 10"3 + saline

5.0 x 10-4- 3.0 x 10-5 + saline

2

2

5

5

Ascorbic Acid
(■Analar")

Calcium time

Heparin resistance: A heparin cones

1 heparin cone

2 heparin cones

1

1

1

1

LXI

LXII

LXIII

LXTV

io_1- io-3gA.
10"1- 8,0 x 10"4
10-1- 8.0 x 10-4

lO"1- 8.0 x 10-4

3

u

A

2

Soluble Insulin
(Burroughs Wellcome)

Heparin resistance: 4 heparin cones

Quick's prothrocbin time: cone brain only

1

1

LXVI

LXVII

7.0 - 7.0 x lO-3

7.0 - 7.0 x 10-3

4

4

2

2

6

6

ca io-3gA.
(von Euler and
Schmiterlov,
1947;
Weil-Malherbe
and Bone, 1952)

6

4

4

8

4

4

Histamine as histamine
acid phosphate, B.D.H.
(expressed as histamine
base)

Heparin resistance: 4 heparin cones

Quick's prothrombin time: cone brain only

Thrombin clotting time: 1 thrombin cone

1

1

1

2

1

LXVIII

LXIX

LZH

LXHV,LXXV

Lrmi

3.0 x 10"1- 3.0 x 10~4gA,
1,7 x 10"1- 1.7 x 10-4
6.1 x 10"1- 6.1 x 10"4

3.0 x 10"1- 1.9 x 10"2 + saline

4.5 x 10"1- 4.5 x 10-4

4

4

4

7

4

Histamine as histamine
dihydrochloride, B.D.H,
(expressed as histamine
base)

Quick's prothrombin time: oonc brain only

Thrombin clotting time: 6 thrombin cones

1

2

1

LXX

LXni,LXXlII

LXXVIII

4.0 x 10"1- 4.0 X 10"5gA. + saline

3.0 x lO"1- 1,9 x lO"2 + saline

3.0 x 10"1- 3.0 x 10"6

5

7

6

4

8

4

4

4

10-4- io-5gA.
(Havorth and
Macdonald, 1937;
Rose and Browne,
1940;
Randolph and
Rackemann, 1941}
Mongar and
Wholan, 1953)

6

4

6

Throughout the table "saline" implies that the test substance was not added to these tubes: intrinsic blood concentrations of substance tested are taken into
account with dextrose and laevulose where they vere measured.


