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INTRODUCTION 

The numerous observations of increased levels of blood 

and urinary 17-hydroxycorticosteroids in human pregnancy 

associated with a rising output of 17-ketosteroids and ald

osterone have suggested to many investigators that adrenal 

cortical function is increased in this condition. In sorne 

pregnant women with adrenal insufficiency increased urinary 

corticosteroids and 17-ketosteroids have also been reported 

and the possibility that the placenta may be elaborating 

corticosteroids has frequently been suggested. 

The following study was undertaken to determine whether 

it was possible to demonstrate placental elaboration of oort

icosteroids and to investigate the possibility of increased 

adrenal secretion of these .steroids during pregnancy. It was 

also considered that changes in the rate of corticosteroid 

metabolism might occur during gestation which could also acc

ount for the estimation of increased amounts of these steroids 

in the blood and urine. 

The first experiments carried out were the incubations of 

human placentae obtained at caesarian section under a variety 

of 'in vitro' conditions; the placental tissue was minced and 

incubated alone and also with certain trophic hormones and pr~

cursors of adrenal cortical steroids. lt subsequently became 

possible to stuày the urinary excretion of aldosterone, 17-

hydroxycorticosteroids and certain metabolites of progesterone 



in 2 totally adrenalectomized women in the last trimester of 

gestation. The findings in these patients were compared with 

those obtained in normal pregnant and non-pregnant subjects 

and permitted an evaluation of the role of the placentà and 

maternal and foetal adrenal glands with respect to production 

of 21 carbon -stero ids. 

In addition certain studi es were carried out on the rat t .o 

determine if pregnancy affected the rate of corticosteroid prod

uction and metabolism. The rate of corticosteroid secretion by 

adrenal glands of pregnant and non-pregnant female rats was com

pared in both 'in vitro' and 'in vivo' studie s which included 

incubations of adrenal glands and collection of a drenal venous 

blood. The possibility that alterations in the rate of corticost

eroid metabolism in pregn ancy could be demonstrated directly at 

the level of liver function was investigated in incubations of 

liver tissue from pregnant and non-pregnant female rats with 

steroids under 'in vitro' conditi~ns. Rat placental tissue was 

also incubated 'in vitro' to determine if an elaboration of ad

renal-like hormones could be observed. 



1. 

THE PRODUCTION AND ~lliTABOLISM OF 

CORTICOSTEROIDS IN PREGNANCY 

A REVIEW OF THE LITERATURE 

1. ADRENAL FUNCTION IN HUMANS. 

A. PRODUCTION OF ADRENAL CORTICAL HORMONES 

The human adrenal cortex secretes several hormones of 

steroidal nature which are necessary for the maintenance of 

life. 

These corticosteroids are essentially of two main 

types. One group, the so-called glucocorticoid, plays an im

portant role in the regulation of carbohydrate metabolism and 

includes hydrocortisone, cortisone, corticosterone and 11-dehyd

rocorticosterone. The ether group, the mineralocorticoid, is 

active in the regulation of salt and water metabolism. It in

eludes aldosterone{which is the most patent sodium-retaining 

hormone knownl desoxycorticosterone and 17-hydroxy-11-desoxy-

corticosterone. 

Experimental work on rat and beef adrenals by Giroud 

et al (1)(2) and subsequently on human adrenals by Ayres et al 

(13) has shown that the glucocorticoids are secreted mainly by 

the zona fasciculata and reticularis while aldosterone is 

produced predominantly by cells of the zona glomerulosa. 

The secretion of glucorcorticoids by the adrenal glands 

was shown to be regulated by the secretion of aàrenocorticotro

phin of the anterior pituitary (15)(16)(17). vVhile ACTH stim

ulated aldosterone secretion in vivo (3}(4)(5)(6)(7) and under 
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in vitro conditions (8) it does not appear to play the major 

role in the regulation of the secretion of this hormone. Other 

factors including salt intake {9), body fluid volume {10){11) 

(12) and lesions of certain hypothalamic areas were shown to 

influence aldosterone secretion as well~l4). 

B. OBSERVATIONS ON ADRENAL FUNCTION IN PREGNANCY 

1. Pregnancy in Normal Women 

A number of determinations of plasma and urinary levels 

of adrenal cortical hormones in human pregnancy have given in

dication of an increased adrenal function. 

Venning (20) found elevated glucocorticoid levels, 

especially during the last trimester when they increased from 

about 40 to 200 glycogenic units per day. Tobian (21) reported 

double the non-pregnancy levels of formaldehydogenic steroids 

in urine of pregnant women. Gemzell (22) observed a four-fold 

increase of plasma 17-hydroxycorticosteroids (17-0HCS) above 

non-pregnancy values. Garst and Assali (23) and Christy et al 

(24) reported similar increases. 

A still more pronounced rise in the urinary excretion 

of aldosterone has been observed during pregnancy. Venning and 

Dyrenfurth l25) and Venning et al (26) reported a progPessive 

increase in the excretion of this Na-retaining hormone. Genest 

et al (27) found values of more than 100 ug per 24 hours. Martin 

and Mills (28), Rinsler and Rigby (29) and Laidlaw et al (JO) 

have all made similar observations. 



2. Pregnancy in Women with Rheumatoid Arthritis 

Hench (31) first reported that sorne patients with rheum

atoid arthritis became considerably improved in health during 

pregnancy. A similar observation following cortisone administ

ration to non-pregnant patients with this disease was made by 

Hench et al (32). The authors concluded that the beneficial 

effect of pregnancy in patients with rheumatoid arthritis was 

related to an increased plasma level of 17-hydroxycnrticoster

oids as later observed by Robinson et al (33). 

3. Pregnancy in Patients with Adrenal Insufficiency 

The study of adrenal function in cases of Addison's 

disease complicated by pregnancy has been of special interest 

to a number of investigators. 

Prior to the advent of corticosteroid replacement ther

apy pregnancy was considered to be fatal in these patients. In 

1908 French (34) reported on two Addisonian women who died dur

ing pregnancy and Fitzpatrick (35) in a 1922 review of 11 cases 

stated that all died during pregnancy or shortly after delivery. 

Since substitution therapy has become available treated 

patients usually survive pregnancy and deliver normally; however, 

they generally require careful supervision throughout gestation. 

Perkins (36), Sheldon (J7), Samuels et al (J8) and Cohen (39) 

have all reported the successful outcome of pregnancy in patients 

with Addison's disease on a constant corticosteroid therapy. 

In sorne cases a rise in the excretion of corticosteroids 

has been observed during pregnancy which decreased immediately 

following delivery. In 1950 Jailer and Knowlton (40) described 

a pregnancy in an Addisonian woman which was associated with an 



4 

increased excretion of urinary neutral reducing lipids and 17-

ketosteroids. Similar observations were made by Hunt and McConakey 

(41) and by Hills et al (42) during pregnancy in adrenal deficient 

women. The latter investigators found as well that the urinary 

glucocorticoid levels during the latter half of pregnancy were 

3 to 4 times those observed in the non-pregnant state of these 

patients; administration of adrenocorticotrophin did not cause 

a further rise of urinary corticosteroids either during pregnancy 

or later in the post-partum period. Administration of ACTH sim

ilarly did not effect a further rise in the levels of urinary 

and plasma 17-hydroxycorticosteroids which were increased in one 

pregnant Addisonian studied by Christy et al (24). 

On the other hand, only very low urinary corticosteroid 

levels were observed in one Addisonian woman during the last 

trimester of pregnancy in an investigation by Halberg and Kaiser 

(44). Knowlton et al (45) could detect no corticosteroids in the 

urine of a similar patient. 

Investigators generally have reported that pregnancy had a 

beneficial effect on the well-being of women with Addison's 

disease (57). These patients nevertheless usually required sub

stitution therapy throughout gestation. Halberg and Kaiser (44 ) 

described one case who could tolerate withdrawal of cortisone 

therapy for about 6 days but thereafter showed signs of incipient 

adrenal insufficiency. Pregnant adren a l deficient women studied 

by Hills et al {42) could not tolerate a decrease in corticost

eroid replacement therapy and, furthermore, were afforded no 

protection against the development of acute adrenal cortical 



insufficiency during stress because of their pregnancy. 

II INVESTIGATION OF SOURCE(S) OF ADRENAL CORTICAL AND OTHER 
HORMONES APPEARING IN BLOOD AND URINE OF PREGNANT itDMEN 

A. ROLE OF MATERNAL ADRENAL GLANDS 

1. Predominant Source of Corticosteroids in Pregnant Women 

The more recent studies on normal pregnant women and, 

especially, on totally adrenalectomized ones during pregnancy 

suggest strongly that the maternal adrenal glands must be the 

predominant, if not the only source of both the glucocorticoid 

and mineralocorticoid hormones measured in the maternal blood 

and urine during gestation. 

a. Production of 17-hydroxycorticosteroids 

Migeon et al (46) measured the 17-hydroxycorticosteroid 

levels in the maternal circulation and cord blood immediately 

after delivery. The values of these steroids in cord blood were 

always one-fifth to one-half of those in the corresponding matern

al blood samples. They remained within this range when either hyd

rocortisone or ACTH were administered to the mother prior to 

delivery and appeared, therefore, to be mer ely a reflection of 

maternal plasma 17-hydroxycorticosteroid concentrations. 

Investigations on Addisonian and bilaterally adrenalectom

ized women also showed by indirect way that the hydrocortisone

like adrenal steroids appearing in the blood and urine in normal 

women are almost completely of maternal adrenal origin. Beaulieu 

et al (47) reported on a pregnant Addisonian woman whose urinary 

17-hydroxycorti coster oid excret ioh be cam·e negligible upon with

drawal of cortisone thereapy. In the 31st week of pregnancy two 

days after cortisone withdrawal no free cortisone or hydrocortis-

one could be detected in the urine and only 50 ug. per day of 
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the reduced metabolites of these hormones, compounds THF and 

THE. All these values were well below those observed in normal 

non-pregnancy and pregnancy urine. No hydrocortisone could be 

found in the plasma of this patient (48) whereas the norm~l 

pregnancy values ranged from 8 to 32 ug. percent. Of interest 

is the study of Little et al (49) on the adrenal function in a 

pregnant woman who was hypophysectomized 3 months before term 

and who at post-mortem examination was shown to have atrophied 

adrenals. In the last trimester of her pregnancy the urinary 

17-hydroxycorticosteroid excretion was very low and upon with

drawal of exogenous cortisone decreased to zero. After 2 days 

without cortisone administration signs of adrenal insufficiency 

became apparent. Cohen et al (50) in 1958 reported a similar 

lack of excretion of compounds F, E, THF and THE in the urine 

of bilaterally adrenalectomized patients during pregnancy when 

no cortisone was given. 

b) Production of Aldosterone 
Aldosterone appears also to be derived predominantly 

from maternal adrenals according to the most recent studies. 

Beaulieu et al (48) could not find any aldosterone in the urine 

of a pregnant Addisonian in the là, 34 and 36th weeks of preg

nancy while she was being maintained on 9-ot-fluorohydrocortisone 

al one. Laidlaw et al '( 30) reported an excretion of approximat ely 

1 ug. of aldosterone per day in one totally adrenalectomized 

pregnant woman while another excreted 4.4. ug. per day. These 

patients were maintained on both hydrocortisone and 9-~-fluor

ohydrocortisone therapy. -~Jith their technique the authors ob-

tained in normal pregnancy urine values which ranged from 21 to 
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125 ug. per day, the normal non-pregnancy values were less ·than 

10 ug. per 24 hours (30). 

2. Rate of Corticosteroid Production 
a.During gestation 

Sorne investigators have suggested that the adrenal glands 

are hyperactive during pregnancy while the studies of others 

have shown no significant change in the rat~ of corticosteroid 

production. An increase of 40% in the urinary excretion of 17-

hydroxycorticosteroids in 26 normal pregnant women investigated 

by Appleby and Norymberski was considered to be insignificant by 

the authors (51). Cohen et al (50) also do not consider the mat

ernal adrenals to be hyperactive far although in their studies 

plasma free 17-hydroxycorticosteroids were increased in pregnant 

women the urinary levels of total 17-hydroxycorticosteroids were 

the same as in normal non-pregnant women. Furthermore, although 

administration of ACTH to normal pregnant women resulted in a 

greater increase in the excretion of free hydrocortisone and 

cortisone than in non-pregnant women similarly treated, the in

crease in the total urinary excretion of compounds, F, E; THF 

and THE was the same in both groups of women. 

On the other hand, Christy et al (52) considered that the 

increased plasma hydrocortisone in pregnancy is partly related 

to a greater production of this steroià. They reported a hyper

active response with respect to plasma 17-hydroxycorticosteroid 

increase upon ACTH administration to women in the last trimester 

of pregnancy. A similar response was not observed in the first 2 

trimesters. Furthermore, the urinary corticoid excretion was 

greater than normal in 12 out of 15 pregnant women beîore tenn, 

in their investigation. 
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b) Production of corticosteroids at the tirne of labor and 
parturition. 

Labor appears to be a stress as borne out by observa

tions of Migeon et al (46) that plasma 17-hydroxycorticosteroid 

values rose to a peak during labor and increased still further 

during parturition. Women who were delivered by caesarian section 

did not show comparable increases in the plasma 17-hydroxycort

icosteroids. Gemzell (53) also considers the presence of anxiety 

and stress to be an important influence on maternal adrenal fun

ction as his studies showed that women pregnant for the first 

time had significantly higher plasma 17-hydroxycor ticosteroid 

levels at parturition than women who were multiparae. McKay et 

al (54) made similar observations. 

3. Histological Study of Adrenal Glands from Pregnant Women 

In a review of the early histological studies on adrenals 

of pregnant women Andersen and Kennedy (55) oould find no con

clusive evidence for hypertrophy of these glands. More recently 

Whitely and Stoner (56) studied the histology of adrenals obtain-

ed from women who died suddenly during pregnancy or immediately 

after delivery. The average weight of the adrenals of the preg

nant women was slightly greater than that observed for non-preg

nant subjects but the difference was not statistically significant. 

There was no significant alteration in the histology of the preg

nancy adrenals that would suggest an increased activity of these 

glands during gestation. 

B. INFLUENCE OF 'IHE METABOLISM OF CORTICOSTEROIDS IN PREGNANCY 

The levels of corticosteroids in plasma and urine are de

pendent not only on rate of production but also on the rate of 

metabolism (58)(59). In pregnancy, therefore, the increased 
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amounts of adrenal cortical hormones in the circulation and 

urine may be due either to an actual increase in production or 

to a decreased r~te of metabolism or, perhaps, to a combination 

of these phenomena. 

1. Normal Pathways of Metabolism 

a) Reduction of theA~3-ketonegrouping of ring A 

One of the major metabolic pathw~s of inactivation of 

corticosteroids involves reduction of the~~etone structure in 

ring A to the dihydro or tetrahydro derivative. This has been 

shown to occur mainly in the liver. These reduced metabolites of 

hydrocortisone or cortisone have been isolated from human urine 

following administration of compounds F or E by Burstein et al 

(60)(61), Gray and Lunnon (43) and Burton et al {62). Similar 

observations have been made following administration of compounds 

Bor A by Engel et al (64)(65), Mont-Gomez (71) and Mason (63). 

A tetrahydro derivative of compound S (68)(67)(69) and of aldo

sterone (70) has also been isolated from human urine. 

Human liver tissue incubated in vitro had the capacity to 

reduce theA~~-ketone structure in ring A of compounds B, DOC, F 

and of aldosterone in experiments of Reaver (72). Gordon (73) has 

observed similar inactivation of aldosterone. In work on partic

ulates of liver tissue (74) the conversion of the 3-ketone to the 

3-hydroxyl grouping occurred in the presence of a reduced pyridine 

nucleotide, hydrogen ion and was catalysed by a 3-hydroxyst~roid 

+ dehydrogenase as follows: C :::: 0 + DPNH + H <--? CHOH + DPN. 

Tomkins and Isselbacher (75) and Tomkins (76)(77) have 

observed the conversion of cort i sone to the dihydro pregnane 
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metabolite by a fraction of a rat liver homogenate which enzym

atically generated TPNM as the reductant. The reaction was app-

. arently TPNH specifie, irreversible and had a high degree of sub

strate specificity. 

b) Conjugation of Metabolites with glucuronic acid 

The ring A reduced metabolites that have been isolated 

from human urine were chloroform extractable in greatest part 

only after beta-glucuronidase or acid hydrolysis. This is be

cause reduction of corticosteroids is followed by conjugation of 

the 3 carbon hydroxyl with glucuronic acid in order to render the 

steroid molecule more water soluble for urinary excretion. This 

conjugation occurs in the liver and was shown to involve reaction 

of the 3 carbon hydroxyl with uridine diphosphate glucuronic acid 

(UDPGA) under the influence of a glucuronyl transferase which has 

been isolated from the microsomes of rat liver (78). Tetrahydro

cortisone glucuronide has been isolated from human urine by 

Schneider et al (79). 

c) Conjugation of metabolites with sulphate 

Certain steroids may be excreted as sulphates which are 

labile to strong acid hydrolyses. Conjugation of the 3 carbon 

hydroxyl with sulphate was shown to occur in the last of a 3 step 

reaction where 3- phosphoadenosine-5-phosphate sulphate (PAPS) 

reacted with the hyàroxyl group under the influence of a trans

ferase or sulfokinase (80). This reaction was found to occur in 

the presence of a soluble rabbit liver extract (81). 

d) Metabolism of the side chain at carbon 17 

Alterations of the 17 carbon side chain also occur in the 

metabolism of corticosteroids. This metabolism may involve only 



11 

the reduction of the 20-ketone to a hydroxyl group and would 

render the steroid bio1ogically inactive. A 20-hydroxy deriv

ative of corticosterone has been isolated from human urine by 

Engel et al (64)(65) after its administration. This 20-ketone 

reduction has also been observed in vitro with rat liver homo-

genate by Hubener et al (85) and by De Courcy and Schneider (86). 

More extensive degradation has been observed with certain 

17-hydroxycorticosteroids which were in part converted to 17-

ketosteroids according to 'in vivo' studies of Sandberg et al 

(87), Ungar et al (83), Savard and Goldfaden (82) and Rosselet 

et al (88). Glenn and Recknagel (84) also observed degradation 

of the 17 carbon side cha i n by a system found only in the liver. 

2. Metabolism of Corticosteroids in Pregnancy 

a)Alterations of pattern of free and conjugated corticosteroids 
in blood and urine. 

The clearance of 4-C-14 hydrocortisone was shown by Migeon 

et al (89) to be decreased in human pregnancy. In the plasma the 

half-life of free radioactive steroid was double that observed in 

the plasma of non-pregnant subjects. The amount of radioactivity 

liberated by beta-glucuronidase hydrolysis was, however, smaller 

than that observed in normal plasma. The total amount of radio-

activity recovered in the urine of pregnant women was decreased 

and was associated with an increase in the free fraction and a 

decrease in the glucuronide fraction. Mills (90), Christy et al 

{52) and Cohen et al (50) similarly observed a decreased rate of 

metabolism of hydrocortisone during pregnancy in normal or adren

alectomized women following adminis tration of the hormone. 
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6. Hydrocortisone metabolism in newborn infants 

A prolonged turnover rate of hydrocortisone in 1 day old 

infants has been observed by Bongiovanni et al (91). The metab

olism was more rapid by the )rd to the 9th day, but was still 

slower than in older children. Compound THE, which is reduced 

at ring A, was, however, metabolized at the sarne rate as that 

observed in older children and adults. 

c) Effect of oestrogens on cor ti co steroid metabolism 

It is of interest that Taliafero et al (93) reported in

creased plasma 17-hydroxycorticosteroids in a patient with cancer 

of the prostate when oestrogens were administered, but this aff

ect was not observeà in an Addisonian patient whose corticost

eroid production was negligible. Wallace et al (94) f ound that 

post-menopausal women who showed a normal ACTH response had app

arently greater responses when oestrogens were given with the 

ACTH. They also observed that oestrogens interfered wi th the 

plasma clearance of exogenously administered hydrocortisone. 

The latter observation has also been reportèd by Mills (90) and 

by Cohen et al (50). 

There is now evi dence that high oestrogen levels in the 

blood increase the protein binding of certain hydrocortisone

like cortico s teroids thus rendering them l ess available to hep

atic catabolism (lOO). 

It has be en well e stablishe d tha t oestrogen pro duc ti on 

is greatly increased in human pregnancy. The high levels of 

oe stro gen in the circulation may be responsiblè for t he slower 

rate of metabolism of 17-hydroxycorticosteroids in pregnant women. 
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The prolonged turnover rate of hydrocortisone in newborn infants 

(91) may also be associated with the finding of Diczfalusy et al 

(92) that oestrogen excretion in newborn infants was high and 

diminished rapidly to negligible levels by the fifth day of life. 

The effect of oestrogens on the rate of aldosterone metabolism 

i s not known. 

C. ROLE OF FOETAL ADRENAL GLANDS 

1. Histological Studies 

During the second month of foetal life, a distinct ad

renal cortex is recognizable (66). According to Uotila (95) the 

foetal a dr en al con sis ts of the permanent cortex which sl ow1y in

creases in size throughout intrauterine life though in the foetus 

at term it forms scarcely more than l/4 to l/3 of the cortex. 

There is also a distinct foetal cortex which starts to degener

ate during the last 10 weeks of intrauterine life. The zona 

glomerulosa w~s seen shortly before birth or at the end of the 

first post-natal month while the zona-reticularis and fascicul

ata appeared about 2 months later in studies of Keene and Hewer 

(97). The permanent cortex and, to a lesser extent, the foetal 

cortex was shawn to contain fats during foetal life but at term 

only the permanent cortex contained lipids. 

2. Possibility of Corticosteroid Production 

a) Corticosteroids in extracts of foetal a drena ls 

Molybdenum reducing corticoids have been measured in ex

tracts of foetal adrenals obtained at different periods of gest

ation by Staemmler (98). There was a gradual increase of the 21 

carbon steroids after the 5th lunar month which was about 
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twentifold by the lOth lunar month. One to 2 days post-partum 

the adrenal content of these steroids was one-half of that meas-

ured at the time of delivery. From the fifth day onwards the 

corticoid concentration decreased to one-fifth of the early values. 

Bloch et al (66) found hydrocortisone in extracts from the 

16th to 2lst weeks of gestation and a Na-retaining hormone was 

obtained from extracts as early as the 9th week of pregnancy. 

The presence of corticoids in foetal adrenals is, however, 

not necessarily due to foetal production of these steroids. 

Migeon et al (46) have shown that hydrocortisone administered to 

the mother reaches the foetal circulation by passage through the 

placenta. 

b) Incubation of adrenal glands of newborn infants. 

A regular production of measurable amounts of corticost

eroids could not be observed in incubations of adrenals of new-

born infants by Lanman and Silverman (103). Progesterone added 

to these incubations was, however, converted to compounds F,B 

and, perhaps, to compound S. This means that the adrenal tissue 

of newborn infants was capable of carrying out certain hydroxyl

ations 'in vitro'. Davis and Plotz (104) showed that upon C-14-

acetate administration to the mother there was radioactive chol-

estero! in the human foetal àdrenal glands. The authors conclud

ed that the glands had the capacity to carry out preliminary 

steps of corticosteroidogenesis. 

c) Significance of foetal adrenal glands in production of 
corticosteroids duri ng gestation 

Sorne investigators consider that the foe tus can produce 

corticosteroids (53). Klein et al (116) have isolated a Na-excre-
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ting substance from the urine of newborn infants given ACTH 

which could not be obtained from the urine of older children 

and adults. From 4.4. to 7.7. ug. per cent of hydrocortisone 

and 5 other unidentified compounds have been found by Ulstrom 

et al (101) in pooled cord plasma. One day old infants had about 

2 ug. per cent of plasma hydrocortisone. 

On the other hand, a number of workers discount foetal ad

renal production of 17-hydroxycorticosteroids in normal human 

pregnancy (46)(102). Similar conclusions have been reached in

directly by studies of 17-hydroxycorticosteroid ex~retion in 

adrenal deficieht women during pregnancy (49)(50). Aldosterone 

was absent from (4gJ or present in only small quantity (30) in 

the urine of similar patients and, therefore, was also not de

rived to any significant extent from foetal adrenal production. 

3. Possibility of 17-ketosteroid Production 

a) 17-ketosteroids in pregnancy urine 

The 17-ketosteroid levels in pregnancy urine were the same 

or slightly greater than those in urines of non-pregnant women in 

studies of Venning (105), Davis and Plotz (106) and Birke et al 

(107). There have been r eports of increased 17-ketosteroid excre

tion in the latter half of pregnancy in adrenal deficient women 

(3g)(40)(41) but Kaiser (lOg) could not find any change in a 

simil ar pati ent. The increased v alues of 17-ketosteroids may, 

however, have been due to the presence of pregnanolones in the 

extracts. The latter compounds are excreted in increased amounts 

in pre gnancy urine; th ey have a 20 ketone group and are measur

able by the Zimmerman reaction which was the one used to measure 

the 17-ketosteroids (lOO). 



16 

b) 17-ketosteroids in urine of newborn infants 

Traces of 17-ketosteroids were found to be excreted in 

the urine of newborn infants in studies of Ulstrom et al (101) 

and of Jailer and Knowlton (40). 

c) ·· 17-ketosteroids in amniotic fluid 

Kinnunen (109) reported an average of 3 mgm. of 17-ket

osteroids per litre of amniotic fluid of both male and female 

fetuses. No detectable amounts of these steroids could be foQ~d 

however, by Nigeon et al (llO). 

dJ Presence of androg;ens in extracts of foetal adrenal glands 

Androgenic property could not be found in steroid extracts 

of normal human foetuses and newborn infants in earlier studies of 

Gersh and Grollman (111) and Carnes (112). Later Wilkins et al 

(113) observed androgenic property in adrenals of a single case of 

adrenal hyperplasia. Benirschke et al (114) have extracted two 19 

carbon steroids with weak androgenic property and Block et al (66) 

(115) have reported the isolation of three 17-ketosteroids from 

extracts of adrenals of bath male and female foetuses from the 9th 

to the 2lst week of gestation. 

e) Comparison of levels of 17-ketosteroids in cord blood and 
maternal plasma 

The finding of greater 17-ketosteroid concentrations in 

cord plasma than in the corresponding maternal peripheral circul

ation by Gardner and Walton (117) suggests that the foetus was 

producing these steroids. Their content in cord plasma was greater 

in y~unger than in older foetuses. Migeon et al (llO) reported the 

concentration of DHA to be consistently higher in cord plasma than 

in the maternal plasma, but that of androstenedione was not sig-



17 

nificantly different. Further evidence of indirect nature for 

foetal production of 17-ketosteroids is afforded by Nichols et 

al ( 102). They attempted to me a sure 17-ketostero id levels in 

cord plasma of anancephalic infants which have characteristically 

atrophied adren als and found no or subnormal amou nt s of the se 

steroids. 

f) A postulated trophic factor for foetal adrenal glands 

Lanman (121) and Lanman and Dinerstein {124) have put 

forth the theory that the foetal zone of the foetal adrenal may 

be under the influence of chronic gonadotrophin at certain per

iods of gestation. In this connection, Borell (122) has observed 

increased neutral 17-ketosteroid excretion in the urine of fern

ales given large doses of this hormone. 

D. ROLE OF THE PLACENT A 

1. Histological Studies 

The extensive studies on human and monkey placentae by 

Dempsey and Wislocki {lS){llS)(l9) have shown that the tropho

blast, the parenchyma of the placenta, consists essentially of 

two kinds of tissue. One kind is called the cytotrophoblast which 

in the regions of the secondary or definitive villi is also called 

Lanhgans or epithelial cells. It functions by perpetuating itself 

for a certain period and by giving rise to the second main type 

of tissue in the placenta, the syncytium. The syncytial tissue is 

present in great est amou nt in the placent a in the regi ons of the 

s$condary villi and smaller quantities are associated with cytot

rophoblastic tissue in other parts of the placenta. 

Histochemical studies by the same authors (19 )(120) have pres 

ented evidence for the presence of fat droplets presumed to be tœ 
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sites of steroid production in the syncytium of the placenta. 

This region gave the type of fluorescence characteristic of 

oestrogens, the birefringence given by cholesterol and its deriv

atives and the Lieberman-Burchardt reaction for the unsaturated 

steroid molecule. 

Sudanophilic droplets in decidual cells of the placenta, the 

materna! si de, were nei ther birefringent nor fluorescent. 

2. Production of Nitrogen-Containing Hormones 

a) Chorionic gonadotrophin (HCG) 

The cytotrophob1ast gave no positive histochemical reactions 

for the steroid hormones (18)(19) but in tissue culture studies 

of Gey et al (123) and Stewart etal (125) was shown to be the 

site of production of chorionic gonadotrophin. 

(i) Content of HCG in placenta throughout gestation 

The concentration of chorionic gonadotrophin in human plac

enta reached a maximum between the second and third 1unar months 

of pregnancy in studies of Diczfa1usy (126). After the fifth 

lunar month, the concentration appeared to be approximate1y con

stant and usually below 20 units per g]Il. of tissue. 'l'hese results 

agree with the pattern of urinary excretion of gonadotrophin in 

normal pregnancy reported by Venning (105). 

(ii) Possible functions of HCG 

Several theories have been put forth as to the function 

of chorionic gonadotrophin (HCG). One view is that it stimulates 

.corpora luteal activity. Another is that: HCG may stimulate sec

retion of steroid hormones by the syncyt ial cells of the placenta. 

The latter theory has be en tes ted by Pincus and his associates 

(127). They have carried out perfusions of human placentae with 
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both HCG and a pituitary gonadotrophin preparation and obtained 

increased production of progesterone-like steroids but not in 

all experiments. 

The affect of HCG on adrenal function has also been investi

gated.· No direct influence could be observed either in 'in vivo' 

experiments of Clayton and Hammant (128) or in 'in vitro' perfusion 

studies on calf adrenal glands by Rosenfeld and Bascon (129). 

Recently Troen and Gordon (130) reported that the addition 

of HCG stimulated utilization of citrate by perfused human placentae 

but this effect was greater when oestrogens were added as well. 

b) Other trophic hormone(s) isolated from the placenta 

Basides chorionic gonadotrophin other nitrogen containing 

hormones may be produced by the placenta. A material with ACTH

like activity has been found by Jailer and Knowlton (40), Badinand 

et al (131), Assali and Hamermesz (132) and by Sulman and Bergman 

(133). 

3. Production of Steroid Hormones 

a) Role of the placenta in the production of progesterone 

(i) Early studies on progesterone 

In 1903 Franke1 (134), and a few years 1ater, Loeb (135), 

(136) showed that corpora lutea contained a princip1e that was 

active in the preparation of the uterus for the implantation of 

the fertilized ovum. In 1929 Corner and Allen (137) iso1ated this 

principle; its structure was subsequently elucidated and the 

substance was synthesized in crystalline form as progesterone 

(138), (139), (140). 

An inactive steroid was isolated from human pregnancy urine by 
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Marrian (141} which was 1ater shown to be re1ated to progesterone 

and ca11ed pregnanedio1 by Butenandt (142) (143). Venning and 

Browne (144) (145} reported the excretion of pregnanedio1 in the 

urine conjugated with glucuronic acid and then showed the 'in 

vivo' conversion of exogenous progesterone to pregnanedio1 g1u

curonide. Pregnanedio1 has been we11 estab1ished as the major 

urinary metabolite of progesterone. 

(ii} Pregnane diol in urine of non-pregnant humans 

Several investigators including Klopper et al (146) 

(147}(100) have reported the excretion of approximate1y l to 2 

mgm. of pregnanediol per day in the urine of healthy men and 

post-menopausal women. Surgical stress and ACTH administration 

increased the excr etion of this substance. Similar findings were 

not observed in adrenalectomized persons which means that the 

pregnanediol measured was presumably a metabolite of a secretion 

of the adrenal cortex, most probably progesterone. 

Pregnanediol is also excreted in very small amounts by 

children according to Bergstrand and Gemzell ( 148). 

(iii) Pregnanediol in urine of normal pregnant women 

In investigations of Venning (105) the excretion of 

}%' egnanediol remained at a relati vely constant 1evel c:Uring the 

early days of pregnancy with usually a slight increase when HCG 

first appeared in the urine. After the peak in HCG excretion preg

nanediol glucuronide values rose progressively to term and were 

within a range from 40 to 150 mgm. per day in the latter part of 

pregnancy. 

(iv) Pregnanediol in urine of cases of abnormal pr egnancy 

Adrenal deficient women studied by Jailer and Knowlton 
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(140), Beaulieu et al (47) and Knowlton et al (45) all showed 

during pregnancy urinary pregnanediol values within the range 

observed for normal pregnant women or slightly less. 

Venning (262) investigated 3 patients in whom the ovary 

containing the corpus luteum of pregnanc y was removed on the 40th, 

54th and 96th day of gestation. The increase in urinary pregnan

ediol co nt inued but to a lesser extent than that observed in 

normal pregnancy. 

Pregnanediol excretion remained normal in 5 cases of intra-

uterine dea th stu died by Appleby and Norymber ski (51). 

All of these findings in pregnant women strongly suggest tha t 

the placenta is after the fourth or fifth month of pregnancy a 

major source of progesterone. 

(v) Presence of pregnanolones in pregnancy urine 

Steadily increasing amounts of pregnanolones have been 

rneasured in human pregnancy urine by Venning (149) and Venning 

and Ripstein (263) and others l150) have shovm them to be metab-

olites of progesterone. 

(vi) Assay of progesterone in maternal plasma and placental 
blood 

In 1949 Hooker and Forbes (151) devised a very sensitive 

biossay for progestationally active steroids. Later Farbes (152) 

reported that levels of free plasma progesterone were approxim

ately 2 ug. per ml. or less in pregnancy. With the same assay, 

however, Fujii et al (153) found a gradual increase during preg

nancy from 6 to 26 ug. per ml. of maternal plasma. 

With chemical techniques forÀ4-3-ketonic steroids 

Pearlman and Thomas (156) and Sommervil1e (154) estimated materna1 
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peripheral plasma to contain about 0.1 ug. progesterone per ml. 

Chemically determined progesterone values in human placenta! 

blood were higher, approximately 0.4 ug. per ml. (156)(157). 

Sommerville and Deshpande (155) found that plasma pregnan

ediol increased from 0.05 to 0.1 ug/ml in the first trimester 

of pregnancy to levels of 0.3 to 0.6 ug/ml. in the third one. 

They failed to detect this steroid in the plasma 24 hours after 

delivery. 

(vii) Progesterone and derivatives in extracts of placenta! 
tissue 

Amounts of progesterone ranging from 0 to 1 mgm. per 

kilogram of extracted placenta! tissue were found by Pearlman 

and Cerceo (158). Haskins (157) reported that placent ae obtained 

at caesarian section had appreciably greater concentrations of 

progesterone in comparison with full term ones - average of 1.63 

and 0.69 ug./gm., respective1y. 

These val ues are much 1ess than what might be expected 

from the high urinary pregnanedio1 levels in pregnancy~ On the 

basis of isotopie dilution studies with 163-H-progesterone 

Pearlman (159) calculated endo genous progesterone product i on to 

be of the order of 250 mgm. per day in women in late pregnancy. 

Sa1hanick et al (160), Short (161) and Zander et al (162) 

have all iso1ated,â 4-pregnene- 20<i -of-3-one i n extracts of human 

p1a centae . The latter authors found the 20~-hydroxy epimer as 

we11. Both compounds had progestational activity in bioassays 

and were together present in amounts approximately one-sixth of 

those of progesterone. All t hese steroids were obtained in great

est concentration in extracts of 2 and 3 month p1acentae. 
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(viii) 'In vitro' production of progesterone by placental 
tissue 

Incubated human placental tissue convertedt0-pregnen-3fi~~O

one to progesterone in experiments of Nissim and Robson (164) 

and ethers (163)(165). However, beef adrenal glands, corpora 

lutea and testes (163) and even certain bacteria (166) and molds 

(167) could also carry out this oxidation. 

Solomon et al (168) reported that cholesterol was converted 

to progesterone via this pregnenolone intermediate in perfused 

human placentae. 

Perfusions of placentae were also carried out by Hagopian 

et al (172). The amount of steroid in the progesterone fraction 

was increased .when ACTH was added to the perfusion medium. This 

fraction was, however, inactive in tests for progestational act

ivity and found later to consist qf 6-ketoprogesterone and an 

unknown steroid. Progesterone added to the perfusion medium was 

converted to both these compounds. 

Pincus and his co-workers (12 7) similarly reported that 

placentae obtained at caesarian section when perfused over a 4 

hour period regularly maintained a production of steroids in the 

progesterone fraction. Full term placentae, however, yielded no 

steroids in similar perfusion studies. 

(ix) Hydroxylation of progesterone by placenta! tissue 

Minced placentae obtained at caesarian section were found to 

have the capacity to convert 4-C-14-progesterone to a 6;e- hyd

roxy derivative by Berliner and Salhanick (169). 

The finding of pregnane-3oc , 17o<. , 20oZ -triol in the urine 

of totally adrenalectomized pregnant women was considered by 

Herrmann and Silverman (170) and Herrmann (171) to be indirect 
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evidence that human placentae can hydroxylate the 17 carbon 

atom of the progesterone molecule. 

b. Possibility of corticosteroid production by placenta 

(i)Presence of corticosteroids in extracts of placenta 

Cortisone, traces of . hydrocortisone and 3 other 1::,. 4-3-

ketonic steroids were found in ethyl acetate extracts of minced 

placentae by DeCourcy et al (173). Other investigators have also 

isolated small amounts of biologically active corticosteroids 

from placentae {174) {176). Berliner et al (177) obtained com

pounds E,F,A, THE and aldosterone from extracts of full term 

pla centae. The se compounds are consid.ered by Salhanick et al 

{160) to be probably derived from extra-placental source (s). 

They have reported a concentration by placental tissue of radio

active cortisone injected into the maternal circulation prior 

to deli very. 

(ii) Gorticosteroids obtained from perf used placentae. 

In 4 hour perfusions of placentae obtained at caesarian 

section Pincus (127} renorted that64-3-ketonic steroids were 

detected only in the àesoxycorticosterone and progesterone frac

tions of the extracts. Most of the alpha-ketolic material was 

present in the more polar, hydrocortisone and 'tetrahydro' 

fractions. Often all fractions decreased to zero by the 2nd hour 

of perfusion. When C-14-progesterone was added to the perfusing 

medium radioactivity appeared only in the least polar fractions 

of steroids. Addition of ACTH did not result in an increase in 

the total steroid content but rather a decrease in the amount of 

less polar compounds. Full term placentae were non-functional in 

similar perfusions with whole beef blood. 



25 

A considerable production of Porter-Silber (PS) reactive 

material by full term placentae dur ing 6 to l2 hour perfusions 

with Tyrodes solution has been described in an abstract by Troen 

{184). The author concluded that the human placenta can synthes

ize and conjugate corticosteroids. 

C. Role of placenta in production of oestrogens 

{i) Oestrogens in urine and blood during pregnancy 

In studies of Venning (149) the excretion of urinary oestre

gens increased progressively from about the 80th day of pregnancy 

to values of 40 to 50 mgm. per day in la te pregnancy at which 

time oestriol was the predominant oestrogen excreted. Adrenal de

ficient women ( L..O) { 4 7) and women in wh ich the corpus lut eum was 

surgically removed {262) were found to have essentially normal 

urinary oestrogen levels throughout gestation. This strongly 

suggests that the placenta is the source of most of the oestre

gens appearing in the urine in the latter half of pregnancy. 

Supporting this view is the report of Salhanick et al (1?8) that 

the ratio of oestrogen concentration in placental to peripheral 

blood is 100 to 1. 

(ii) Presence of oestro gens in extracts of placentae 

The three oestrogens, oestrone, oestradiol and oestriol were 

present in a ratio of 17 to 2 to 122 respectively in extracts of 

placentae prepared by Diczfalusy (126). Villee and Laring (179) 

obtained 230 ug. of oestradiol plus oestrone per kg. of fresh 

placental tissue. 

(iii) In vitro interconversion of oestrogens by placental tissue 

An interconversion of oestrone and oestradiol by perfused 
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human placentae was reported by Levitz et al (180). They could 

not detect any conversion of either of these steroids to oest-

triol, 'in vitro'. 

(iv) Conversion of 17-ketosteroids to oestrogens by placental 
microsomes 

Ryan (181) obtained oestrone production from androstenedione 

and testosterone by incubated human placental microsomes. Up to 

50% of· the added 17-ketosteroids were aromatized and this activ

ity was noted as early as the 13th week of pregnancy. 

4. Influences of Placent al Hormones on Corticosteroid 
Metabolism and Function 

a) Effect of oestrogens and progesterone on 17-hydroxycort
icosteroid metabolism 

It has been reported that oestrogens increase the protein 

binding of plasma 17-hydroxycorticosteroids (lOO). The high 

levels of oestrogens produced in pregnancy are responsible in 

part, at least, for the measurement of increased amounts of 

these steroids in pregnancy plasma. Oestrogens are also implic

ated in the alteration in the pattern of free and conjugated 17-

hydroxycorticosteroids in the urine of pregnant women, (93)(94) 

(90)(50). This is described in a preceding section, Metabolism 

of Corticosteroids in Pregnancy. 

Progesterone when administered intravenously to men did not 

alter the level of blood 17-hydroxycorticosteroids in the exper

iment s of Brown and IVIigeon ( 182). 

b) Inhibition of sodium retaining acti vity of aldosterone 
by progesterone. 

Landau and Lugibihl (183) recently reported that 50 mgm. of 

administered progesterone led to pronounced sodium excretion in 

a woman with Addison's d~sease who was treated with aldosterone 
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and cortisone. This effect of progesterone was not observed 

following aldosterone discontinuation. The authors considered 

that during pregnancy progesterone and the Na-retaining aldo

sterone may compete in the control of sodium metabolism. 
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III OBSERVATIONS ON PREGNANCY IN ANIMALS 

A. THE PRODUCTION OF CORTICOSTEROIDS BY RAT ADRENAL GLANDS 

The production of corticosteroids by rat adrenal glands has 

been studied extensively with use of both 'in vitro' incubation 

and 'in vivo' techniques. Corticosterone and aldosterone were 

found to be the major glucocorticoid and mineralocorticoid sec-

retèd, respectively. 

1. In Vivo Secretion of Steroids 

Bush (185), Rosenman et al (188), Masson et al (190) and 

Reif and Longwell (189) have all obtained corticosterone from 

adrenal venous blood collected over various periods of time from 

rats. Singer and Stack~Dunne (186) and later Das Gupta and 

Giroud (187) reported aldosterone secretion as well. 

2. In Vitro Secretion of Steroids 

An in vitro production of corticosterone by rat adrenals in

cubated in an artificial medium, Krebs-Ringer solution, has been 

reported by Saffran and Bayliss (191), Saffran and Schally (192) 

and others (193)(194)(195). Giroud et al (1)(2) and Venning et 

al (8) have consistently found production of aldosterone as well 

as of corticosterone 'in vitro'. The former authors found that 

aldosterone was secreted mainly by the zona glomerulosa while 

corticosterone was produced chiefly by cells in the zona fasc

iculata and reticularis. 

B. ADRENAL~LIKE FUNCTION DURING PREGNANCY IN THE RAT AND 
OTHER LABORATORY ÀNIMALS 

1. Histology of 1-'la ternal Adrenal Glands 

In the rat changes in the histology of maternal adrenal glands 
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could not be observed during pregnancy by Donaldson (199), 

Andersen and Kennedy ':(55), Blumenfeld (200) and, more recently, 

by Christianson and Jones (201). 

On the other hand, adrenal hypertrophy during pregnancy has 

been reported in the guinea pig and rabbit by Guieysse (196) and 

Watrin (197), respectively. Histological changes in the mouse 

adrenal indicated increased activity during the first three

fourths of pregnancy followed by a decrease according to Tamura 

(,198). 

2. Studies on Adrenalectomized Pregnant Animals 

Experiments on the effect of adrenalectomy in pregnant rats 

have shown conflicting results. In earlier studies Lewis (206) 

and others (207) reported normal reproduction follovring adrenal

ectomy but Wyman . (20S), Corey (204) and McKeown and Spurell (209) 

have all observed abortion in rats adrenalectomized düring preg

nancy. According to more recent vvork by Davis and Plotz (205) 

rats adrenalectomized from the 4th to 6th day of pregnancy ab

orted but when this was done from the 14th to 16th day of preg

nancy there was normal delivery and survival time was increased 

in comparison with that of adrenalectomized non-pregnant rats. 

This latter effect was first observed in the dog by Rogoff and 

Stewart (202). Dogs adrenalectomized during pregnancy lived 

longer than non-pregnant ones similarly treated. As this influence 

was still seen in cases when the fetus was removed it was not due 

to fetal adrenal activity. 

The increased life span in these animals following adrenal

ectomy during pregnancy was not, however, necessarily due to a 

placental secretion as it was also reported in rats when adrenal-
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ectomized during pseudopregnancy by Emery and Schwabe (212). A 

similar effect was noted in the dog by Swingle et al (210) and 

in cats by Collings (211). 

3. Role of the Steroid Secretions of the Corpus Luteum 

The beneficiai effects of pregnancy and pseudopregnancy in 

prolonging the life span of certain ·adrenale ctomiz ed an imals 

appears, therefore, to be due to corpora luteal activity, pre

sumably to progesterone secretion. 

Wells and Greene (213), Schwabe and Emery {214) and others 

(215) have all reparted that progesterone administration'maintained 

non-pregnant adrenalectomized rats in good health and a similar .. 
affect was observed in the cat (2.16}. 

4. Role of the Foetal A~renals of ~he Rat 

Josimovich et al {237) made a histophysiological study of 

the developing adrenal cortex of the rat during foetal and early 

post-natal growth. Foetal glands grow steadily from the 16th day 

of gestation to birth i.e. to about 22nd day. A narrow zona glom

erulosa and wider zones of fasciculata and reticularis were de-

fine d by the lSth day. Sudanophilic droplet s ..,..1ere detectable at 

the 16th day and their number increased to term; between the 17th 

and 19th days tests for ketone and cholesterol were positive. 

According to these authors the foetal glands had secretory activ

ity at least by the 19th day of gestation but this activity de

creased immediately after birth. Cohen (238) observed a lipid 

discharge at the 19th and 20th days of foetal life. 

The foetal and postnatal reticular zone were apparently active 

in the production of androgenic compounds in experimenta of 

Blackman (239). Male sex hormones when administered to young rats 
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decreased the size of this zone. 

Tobin (240) found that destruction of ~oetal adrenals at 

the 17th day of pregnancy did not influence the life span o~ 

the embryo. According to Christianson andJones (201) the ~oetal 

adrenals o~ the rat do not secrete hormones which could influence 

water and salt metabolism such as aldosterone. 

5. Role o~ the Rat Placenta 

a) Histological study 

Wislocki and Dempsey (241) have made a detailed study of the 

rat placenta with use of the electron microscope. In the 3rd week 

of pregnancy the cytoplasm of the trophoblastic cells contained 

numerous mitochondri and fat droplets which were characteristic

ally present in the innermost cell layer. The presence of sudan

ophil lipoidal material in the placental syncytium of the rat 

has been observed (264) in the latter part of gestation; this 

fat surrounded the fetal blood channels and may have been a 

steroid secretion. 

a) Possibility of production of trophic hormones 

Aqueous extracts of rat placenta prepared by Astwood and 

Gr.eep (242) contained a substance, perhaps a gonadotrophin, which 

stimulated the activity of corpora luteal glands. In experiments 

by Greer, however, no evidence could be found for adrenocortic

otrophin activity in rats after they were hypophysectomized; the 

placenta was, presumably, not a source of this hormone {243). 

c. Possibility of production of oestrogens and progesterone 

Evidence for production of corpus luteum hormone by rat plac

enta was reported by Selye e t al (244). A similar substance has 
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been isolated by McKeown ànd Zuckerman (246). 

No evidence for oe strogen production by rat placent a co uld 

be found by Selye and McKeown (245). 

d. Possibility of production of corticosteroids 

In studies of Greep (247) the rat placenta did not produce 

a factor which could influence salt and water metabolism i.e. 

aldosterone-like material. Pregnant rats when hypophysectomized 

were not more capable in excreting a water load than non-pregnant 

ones similarly treated in experiments of Hofmann et al (248). 

Administration of cortisone to pregnant rats resulted in de

creased placental weight in experiments of Hisaw (249). This 

effect was also noted by Curry and Beaton (250). 'l'he latter auth-

ors found that administration of large amounts of cortisone to 

non-pregnant rats brought about marked biochemical changes. These 

changes were not observed in pregnant rats similarly treated. The 

presence of the placenta was found to be necessary for this re

sistance of pregnant rats to overdosage of cortisone. The authors 

concluded that either the placenta secreted an anti-cortisone 

material or, more likely, was able to concentrate or destroy the 

cortisone which was administered. 

c. INFLUENCE OF OESTROGENIC SUBSTANCES ON THE ADRENAL FUNCTION 
OF THE RAT AND OTHER LABORATORY ANIMALS 

1. Effect of Ovariectomy 

Ovariectomy in the rat leads to a loss of adrenal weight 

according to -wJinter and Emery (217) and others (218). This was 

due to a narrowing of the zone of fasciculata and reticularis of 

the adrenal cortex in experiments of Blumenfeld (219). Smith (220) 
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reported evidence for increased adrenal activity after ovar

iectorny in the rat. 

Spaying of guinea pigs of both sexes led to degenerative 

changes in the zona reticularis in experirnents of Zalesky (221) 

but Deansley (222) was unable to demonstrate sirnilar changes in 

sp~yed mice. 

2. Effect of Administration of Oestrogenic Substances 

a) On histology of adrenal glands 

Adrenal hypertrophy following oestrogen administration in 

female rats has been observed by Andersen (223) and others (224) 

(225). Stilbestrol had similar effects according to Heskett and 

Hoffman (226) who detected also congestion and hemorrhage in the 

reticular zone of the cortex. Vogt (227) noted that implantation 

of hexestrol in rats led to adrenal hypertrophy with complete 

loss of cortical lipids in 10 days. 

Estrone administration caused greater adrenal hypertrophy in 

castrated male rats than in normal ones{228). Upon prolonged ad

ministration of oestrogen to male rats atrophie changes were re

ported to follow the ini tial hypertrophy (229). 

A 50 per cent increase in the cortical weight of adrenal 

glands was observed in guinea pig s given diethylstilbestrol by 

Allen and Bern (230). 

b. On corticos teroid production 

(i) 'in vivo' effect 

Administration of hexoestrol to rats led to a decreased cort

ico sterone secret i on i n a drenal venous blood of mal e rats in ex

periments of Vogt (231). She postulated that the oestrogen affect 
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was due to inhibition of cholesterol synthesis. Clayton and 

Hammant ( 128) reported that when oe strogens were gi ven with 

ACTH to guinea pigs there was an inhibition of the normal re

sponse of increased urinary 17-ketogen ic steroids seen when 

ACTH was given alone. Progesterone given with ACTH did not Show 

this inhibition of steroid excretion. 

(ii) 'in vitro' effect 

McKerns (232) could find no inhibition by oestradiol of ACTH 

stimulated rat adrenal cortical tissue incubated 'in vitro' when 

the oestrogen was added directly to the medium. But it was later 

reported (233) that following a period of oestradiol administra

tion to male rats the adrenal glands were removed and their rate 

of corticosteroid production 'in vitro' was below normal. Ethinyl 

estradiol and stilbestrol, however, had inhibitory effects in 

both types of experimenta. 

The se results suggest that the action of the natural oestre

gens on the adrenal cortex is indirect. Acc~ding to Selye et al 

(234) and Carter (235) it is mediated by . the an teri or pituitary. 

Gompertz (236) found that in rats, oestrogens acted by infl uenc

ing both hypophyseal secretion of ACTH and the sensitivity of 

the adrenal cortex to ACTH. 

D. INVESTIGATIONS OF CORTICOSTEROID METABOLISM BY RAT LIVER 

1. Metabolic Pathways I nvolved 

The li v er has be en well establishe d as the predominant site 

of cor ticosteroid metabolism. An 'in vivo' metabolism of cortisone 

added to the perfusion medium of rat l iver ha s b een rep~ted by 
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Miller et al (253); a variety of alpha-ketolic compounds were 

derived from cortisone. 

Rat liver slices or homogenates incubated 'in vitro' were 

observed to metabolize corticosteroids added to the incubation 

medium in a number of ways. 

(1) A reduction of the .A 4-3-ketone grouping at ring A of added 

corticosteroids to the corresponding 'dihydro' or 'tetrahydro' 

derivative was reported by Bisenstein (254)(255), Schneider and 

Horstmann (257)(258) and others (251)(256)(252)(261). 

2) 1'when cortisone was added to the incubations conversion of tre 

11 carbon ketone to a hydroxyl group was observed by Eisenstein 

(254)(255) and by Hubener et al (85). A similar conversion of 

compound THE to compound THF could not be detected by the latter 

au thors. 

(3) ~estruction of the dihydroxyacetone grouping of certain 17-

hydroxycorticosteroids by hydro genation of the 20 carbon ketone 

has been reported (85)(86). 

(4) More complete degradation of the side chain at carbon 17 has 

been demonstrated 'in vitro' by Glenn and Recknagel (84). 

2. Factors Influencing Hepatic Activity 

According to Yates et al (259) the 'in vitro' reduction of 

ring A of compounds E,F, and DOC and of aldosterone was greater by 

liver tissue obtained from female rats than from male liver tissue. 

The in vivo administration of oestrogens in both sexes increased 

the synthesis of the hepatic enzymes responsible for this inactiv

ation; administration of androgens in both sexes had the opposite 

effect according to observations made in subsequent incubations of 

the excised liver tissue. 
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McGuire and Tomkins (260) reported that the rate of cortisone 

metabolism was increased in 'in vitro' incubations of homogenates 

of liver obtained from rats previously injected with thyroxin. 

There was observed a two to threefold increase in the activity 

of a particulate steroid reductase which catalysed the conversion 

of cortisone to allodihydrocortisone. 

No data has been found on the influence of pregnancy on hep

atic capacity to metabolize corticosteroids, however, an increased 

liver weight by the 15th day of gestation has been reported (250). 
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M E T H 0 D S 

INTRODUCTION: 

The experiments carried out involved the use of both 'in 

vivo' and 'in vitro' techniques. The 'in vitro' method was used 

in the study of the activity of placental and other tissue dur

ing incubation in artificial medium while the 'in vivo' exper

iments included the collection of adrenal venous blood from rats 

and the collection of urine specimens from human subjects. 

The analyses of the steroid content of the incubation media 

and body fluids obtained was carried out according to fundamental 

techniques developed in this field of research. Those used in

cluded (1) extraction of the steroids from the various fluids 

followed by (2), the separation and isolation of corticosteroids 

by paper chromatographie methods and (3), the subsequent estim

ation of the corticosteroids by chemical or biological assay. 

The techniques which were used repeatedly are described in detail 

only in the first section of methods (human placental incubations). 

PART I: ~lliTHODS USED IN EXPERll~ENTAL WORK ON HUMAN PREGNANCY 

A. Incubations of Human Placentae 

Human placentae obtained at caesarian section were incubated 

in Krebs-Ringer soluti on with the aim of demonstrating a production 

of corticosteroids and also of progesterone 'in vitro'. In sorne 

experiments different samples of tissue were incubated with various 

trophic hormones and precursors of adrenal cortical hormones in an 

effort to stimulate steroidogenesis. The possibility was also con

sidered that placental tissue may produce these 21 carbon steroids 



but not release them freely into the incubation medium due to 

protein binding or other phenomena. For this reason samples of 

placental tissue were hydrolysed with NaOH solution or homogen

ated to ensure a more complete recovery of steroids from the 

tissue following incubation. 

1) Incubation Procedure 

a) Preparation of tissue 

Placentae removed by caesarian section about two weeks before 

term were placed immediately into ice-cold physiological saline 

for transportation to the laboratory. Gord blood was allowed to 

run out and either collected for analysis or discarded. The 

placenta was rapidly rinsed with ice-cold saline solution (0.9%) 

with gentle squeezing in order to rid it of as much blood content 

as possible. It was then eut into large portions and kept under 

ice-cold oxygenated Krebs-ftinger solution (KRS) until all of it 

(except the tissue adjacent to the chorionic plate) was manual ly 

converted into a mince with scissors. The mincing was carried out 

as rapidly as possible on an enamel plate kept over ice and the 

eut tissue was immediately suspended in ice-cold KRS. This mixture 

was made homogeneous by thorough stirring and as much blood and 

·~w-~s possible was filtered off prior to weighing of the portions. 

\ Sample ~ually 3 or 4, ) weighing approximately 100 gn. each were 

us ed. ·--~--····---~---· 

b) Incubat.ion .. conditions 

The incubations were carri ed out in 1000 ml. beakers in a 

constant temperature water bath at 37°C. Oxygenated Krebs-Ringer 

bicarbonate solution (266) containing 200 mgm. % glucose was 
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used for the incubations in amount of 500 ml. per approximately 

100 gm. of tissue and 95% o2 plus ~% C02 was bubbled through 

the medium continuously. The incubation periods varied from 1 

to 3 hours; the total length of incubation for each portion of 

placenta ranged from 3 to 6 hours. To avoid bacterial contamin

ation penicillin was added when the incubation period was more 

than 3 hours. The tissue was kept in motion by the oxygen stream 

and by manual stirring. 

c) Addition of hormones to incubation media 

The trophic hormones, chorionic gonadotrophin, ACTH and 

prolactin, were dissolved in 1 ml. of 1/2 % acetic acid solution 

prior to their addition to the medium. 

Progesterone and hydrocortisone were first dissolved in pro-

pylene glycol, then added. Cholesterol and pregnenolone, each in 

0.5 ml. ethanol solution, were diluted with 2 ml. of propylene 

glycol prior to their addition to the medium and a fine suspen

sion of the steroid in the incubation medium resulted. The final 

alcohol /KRS concentration was 1/1000. 

2. Extraction of Steroids 

a) Free steroids from incubation medium and cord blood 

The incubation media were extracted with at least twice their 

volume of redistilled ethyl acetate. Cord blood was diluted with 

an equal volume of water prior to extraction with this solvent. 

0 The extract was evaporated in vacuo below 50 C to a volume of 

400 ml. and then washed twice with 100 ml. of 1/5 N Na2 C03 

solution and twice with 50 ml. of distilled water. The solvant 

was then evaporated off and the extract was usually partitioned 
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purification. The petroleum ether phase was discarded and the 

aqueous phase was evaporated in vacuo until all the methanol 

was removed. The aqueous residue was diluted with more distilled 

water and the free steroids were extracted with 6 volumes of 

redistilled chloroform. This solvent was evaporated off under 

reduced pressure and the steroid residue was transferred to test 

tubes with micropipettes using about 6 ml. of a solution of 

chloroform-methanol (1/1). The latter was evaporated off under 

nitrogen below 50°C and the extract was ready for paper chrom

atography. 

b) Extraction of steroids from hydrolysed tissue 

In experiment 9 an hydrolysis of the incubated tissue was 

carried out by allowing the tissue to remain in 5% NaOH solution 

at room temperature under an equal volume of redistilled ether. 

The mixture was allowed to stand with periodic stirring until 

all the tissue appeared to be in solution. The steroids were 

extracted by the ether phase. This was done according to the 

method described by Pearlman and Cerceo (158) in order to increase 

the recovery of progesterone from placenta! tissue but corticos

teroids would be destroyed. 

The ether layer was decanted twice and replaced with a fresh 

volume of solvent over a 48 hour period. All fractions were com

bined and the ether evaporated off. The residues were purified 

by alcohol-petroleum ether partitioning and chloroform extraction 

as described in section (a). 
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c) Extraction of steroids from homogenized tissue 

In exper.iments 10 and 11 homogenization of placenta in 

100 ml. distilled water was carried out in a Potter-Elvehjem 

apparatus following partial homogenization of the tissue for 1 

minute in a Waring Blendor. This was done to ensure more com

plete recovery of corticosteroids as well as of progesterone 

from the incubated placent al tissue. 

The homogenates were mixed with excessive quantities of re

distilled acetone to ensure precipitation of the proteins and 

extraction of the steroids into the solvent. The acetone was 

then filtered off. The residue from the tissue was thoroughly 

rinsed with warm acetone. This aqueous-acetone filtrate was 

evaporated down to remove all acetone. The aqueous residue was 

diluted with water, then extracted with ethyl acetate and treat

ed ac cor ding to the procedure des cri be d in section (a). 

d) Extraction of conjugated steroids 

In experiment 10 the media of the various s·amples were first 

extracted to remove the free steroids as described above. The 

remaining solution was adjusted to pH5.0 ,beta-glucuronidase 

was added (200 units per ml. of Ketodase from Warner-Chilcott 

lab.) and the mixture was hydrolysed at 37°C for 48 hours. The 

incubation medium was then reextracted with ethyl acetate and an 

èxtract was prepared in the manner described under section (a). 

3. Paper chromatography of Steroids 

The chromatographie methods used are presumed to be familiar 

and also, they have been described fully in a Masters thesis {268). 

Each of the partially purified extracts was first applied on 



42 

wide strips (8 to 15 cm.) of paper and were run for a 4 hour 

period in the heptane-propylene glycol system (269). In this 

system all steroids except progesterone remain at the starting 

line, progesterone moves about one-half way down the paper 

while most of the fat and pigment moves close to the solvent 

front. 

The progesterone zones were eluted and reapplied in the same 

system but on narrow strips of paper (2 to 3 cm.) prior to their 

measurement. 

The more polar steroids were eluted from the starting line 

area of the heptane-propylene glycol paper. The eluates were re

applied on 4 cm. wide strips and rerun in the chloroform-form

amide system (270) for 4 hours. The chromatograms were divided 

into the following zones in order of their decreasing polarity. 

Zone 1. might contain compound THF 

" 2. " tt compounds THE & F 

" 3. " tt " E & x1 ( als o zone of aldosterone ) 

less polar steroids such as compounds B and A • " 4 " • " 
Each of the zones containing a mixture of steroids was sep-

arately eluted and rechromatographed, usually on approxirnately 

1.5 cm. wide strips of paper, as follows: 

1. Compounds THE and F were separated in the Bush C system (271). 

2. Compounds E and x1 were also separated in this system, in 

which x1 has the same mobility as compound F and aldosterone. 

3. Less polar steroids were reapplied in the toluene-propylene 

glycol system (272), undiluted, for a 16 hour run for compounds 

B and A. Compounds X2 , x
3 

and x4 were also separated in this 
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system in a 4 hour run with the stationary phase, propyleneglycol, 

diluted with 50% methanol. 

4. Detection of Steroids on ~aper Chromatograms 

After the paper strips were developed they were dried at 

room temperature in a fume hood. 

Compounds having a~ 4-3-ketone grouping in ring A were de

tected visually by virtue of their absorption of UV light in 

the region of 240~given off by a mercury vapor hand lamp. 

Usually photoprints of paper chromatograms were made in order 

to have permanent records of the UV light absorbing compounds 

which appeared as white areas on a black background. 

Compounds with no 64-3-ketone grouping but with an alpha

ketolic structure were detected on the paper strips by the purple 

colour which they developed following treatment with blue tetraz

olium reagent used for a soda fluorescence reaction described in 

section 6. 

5. Elution of Steroids from Paper Chromatograms 

The zones containing the various steroids were eluted from 

the paper chromatograms with alcohol wi th ei ther of the t wo 

following methods depending upon the s ize of paper to be eluted. 

a) Paper strips of small area (about 1.5 x 10 cm.) were att

ached to elut i on tubes filled with alcohol which slowly ran .down 

over the paper, e lut ed the steroids and dripped into a container. 

b) Paper strips of relatively large area were eut into approx

imately 0.5 sq.cm. portions and soaked in alcohol f or 1 hour 

after which the a lcohol was f i l tered off with suct i on. More al

cobol was added to the paper and the procedure was repeated twice. 

The alcohol eluates were combined. 
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Either methanol or ethanol (both redistilled) were used for 

elution. The alcohol was evaporated off in vacuo below 50°C. 

6. Assay of Steroids 

a) Quantitative chemical reactions 

(i) i:>teroids with.6.4-3-ketone grouping 

The dried steroid residue was dissolved in purified ethanol 

so that, if it were possible, the concentrat i on of steroid would 

be in the range from 5 to 15 ug./ml. The UV light absorption of 

the solution 1.vas re ad in silica cells in a Beckman DU spectro

photometer against an appropriate paper blank solution over a 

range from 220 to 300~. The maximal optical density (O.D.) of 

UV light absorption for !J.4-3-ketones is in the region of 240~. 

This O.D. was used in the following formula to calculate the 

concentration of the steroids and is expressed as ug./ml. sol-

ut ion. 

Concentration xE x l x lOOO=.M.\'1. x O.D. max: M.W.::; molecular 

weight of steroid. 

1· l = l cm. light path 

E:: molar extinction :: 15, BOO for compounds E and F 

= 16 '700 " " B 

Isonicotinic acid hydrazide raction (INH) 

The modification of Weichselbaum and Mar graf (273) of the 

original method of Umberger (274) was used. The following reagents 

were made up. 

No. 1 0.625 ml. conc. HCl diluted to 1000 ml. with purified 

ethanol. 
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No. 2. 25 mgm. INH dissolved in 100 ml. of reagent No. 1. 

Three ml. of reagent No. 2. were added to the steroid res-

idue which was dried under nitrogen, mixed, and allowed to stand 

at room temperature for 1 hour. The optical density of the yellow

colour which was developed was read at 380~ in silica cells ver

sus reagent and appropriate paper blanks. 

The concentration was estimated from standard curves obtain-

ed with 5 to 25 ug. quantities of appropriate standard compounds. 

(ii) Steroids with the alpha-ketol group 

The blue tetrazolium (BT) reaction as described by Nowaczynski 

et al (275) was used. The reagents used were the following: 

No. 1. 

No. 2. 

1 ml. 'l'etramethyl ammonium hydroxide solution 

(10% in water) was diluted to 10 ml. with ethanol. 

50 mgm. BT dissolved (as much as possibly) in 10 ml. 

ethanol. 

The dried steroid residue was dissolved in 1.5 ml. ethanol, 

then ·0.25 ml. of reagents 1 and 2 were added in turn. After 

mixing the solution was allowed to stand in the dark at room 

temperature for 20 minutes. After the colour was developed 

(purple~pink) 1 ml. of conc. acetic acid was added to stop the 
• reaction. 

The O.D. of the solution was read at 525~in corex cells 

versus reagent and appropriate paper blanks. The concentration 

was estimated from standard curves obtained with 5 to 25 ug. 

quantities of appropriate standard compounds. 

b) Semiguantitative chemical reaction 

The soda fluoresence method described by Neher and Wettstein 

(276) w~s used. The reagent consisted of a mi xture of 1 part of 
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0.1% aqueous solution of BT plus 9 parts 2 N NaOH solution. 

Alp~a-tetolic steroids developed a purplish colour within 

5 minutes after the paper strips were dipped in this reagent. 

The sensitivity limit for the BT reaction was about 0.2 ug./ 

1 cm2 • The strips were then dried at 90°C in an oven for 15 to 

20 minutes after which they were observed under a UV light from 

a mercury vapor lamp with a fil ter which gave a radiation at of 

approxima tel y 320. Steroids wi th a A 4-3-ketone grouping showed a 

yellow fluoresence and as little as 0.1 ug/cm2 could be detected. 

The measurement of BT positive and soda fluorescent spots 

of steroids on the chromatograms was made by comparing those ob

tained with from 0.1 to 5.0 quantities of standard hydrocortisone. 

c) Bioassay for Na-retaining hormone (aldosterone) 

The aldosterone zones on the paper chromatograms were in a 

few instances eluted with purified ethanol and assayed for Na

retaining activity with the method of Venning and Dyrenfurth (25). 

This bioassay could detecta minimum of 2 ug. of aldosterone. 

7. Characterization of Steroids 

a) UV light absorption 

Steroids with the.64-3-ketone grouping absorb UV light max

imally in the region of 240"" in alcohol solution. Progesterone 

and certain corticosteroids are A 4-3-ketonic steroids. 

Oestrogens (phenols), on the other hand, have maxima in al

cohol solution in the region of 270 to 280Mjl. 

b) HzS04 chromogen spectrum 

The:se were performed according to the method of Burton et al 

(272). The dried steroid re si dues wer e dissolved in c one. H2S04 
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for 2 hours at room temperature. The UV light absorption spectrum 

from 200 to 600M~of the chromogens that had developed were read 

in silica cells in the Beckman DU spectrophotometer against an 

appropriately prepared paper blank. 

It has be en shown that indi v idual steroids have a char acter-

istic chromogen spectrum in H2S04 (278). 

c) Infra-red spectrophotometry 

.Ma teri al from the progesterone zone of the paper chromato

grams was eluted and analysed for its infra-red spectrum. The 

latter was performed by Mr. W. Zaharia in the biochemistry de

partment at McGill University. 

B. The Urinary Excretion of Corticosteroids and Metabolites 
of Brogesterone in Pregnant and Non-pregnant women 

The following experiments were carried out when urine spec

imens collected from 2 adrenalectomized pregnant women on cort

icosteroid replacement therapy became available for study through 

the courtesy of Dr. V. Pollak. They were received in a frozen 

state f rom Chi cago and unfortunately it was n ot possible to con-

trol the accuracy of the collections. The specimens were assayed 

at the endocrine laboratory of the University clinic of the Royal 

Victoria Hospital f or aldosterone , pregnandediol and pregnanetri ol 

content. At the same time it was of interest to investigate the 

urinary corticosteroid p~tterns of these patients and compare 
1'T'Orf\ 

them wi th those obtained A· nonnal pregnant and non-pregnant in-

div·iduals . Thi s wa s done accor ding to a technique which was 

previously developed and used by the author of this thesis for 



the study of urinary adrenal cortical hormones in patients with 

abnormal adrenal function. The latter experiments were reported 

in an MSc thesis (268). 

Clinical Material 

1. Non-pregnant sub,jects 

a) Normal - One female M.E. was studied. Sorne previously re

ported data on normal female (L.C.) and male (H.B.) is included 

in the results (268). The age of the normal subjects ranged from 

25 to 35 years. 

Adrenalectomized - Case S.K. (60 years o1d) was totally 

adrenalectomized for Cushing's ~ndrome. Her urinary corticost

eroid pattern {when on 50 mgm. cortisone therapy/day) is included 

in the results and has been previously presented (268). 

2. Pregnant subjects 

a) Normal - A single case, E.W. (32 years old) was studied in 

the 7th and 8th months of her first pregnan cy. 

b) Adrenalectomized - Case A.O. ~ diagnosis of Cushings disease 

has been made on this woman and in January, 1954, an hyperp1astic 

left adrenal was completely removed; the patient was 23 years old 

at that time. There was a temporary improvement for a short time, 

however, she again became ill and progression of her disease 

occurred. In December, 1954, a right total adrenalectomy was 

performed and following t his she was maintained on 37.5 mgm. 

cortisone per day. She married in August, 1955, and became preg

nant in March, 1956. Urines were col1ected on October 9th, 

December 5th, 1956 and on January 23rd, 1957. She de1ivered on 
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February 3rd, 1957 and 4 days later another 24-hour urine spec

imen was collected. On each occassion she received 37.5 mgm. 

cortisone per day in divided doses, the last dose being given 

at 10:00 pm. on the day prior to the urine collection. On the 

day of collection she was maintained on 0.75 mgm. of 9~fluoro

hydrocortisone given in 3 divided doses. 

Case H.M. was a 30 year old housewife who had been married 

for 9 years and was childless. She showed a classical picture 

of Cushing's syndrome and underwent a two stage total adrenal

ectomy in 1955. In June, 1956, examination showed evidences of 

pregn ancy of approximately 6 mon th dur ation. She was recei v ing 

as maintenance therapy at this time, 40 mgm. hydrocortisone, 

0.2 5 mgm. 9-d.- fluorohydrocortisone and a daily salt int ake of 

3 gm. Her pregnancy was uneventful, the features of Cushing's 

syndrome completely disappeared and except for increased pig

mentation there was no suggestion of adrenal insufficiency. 

Twenty-four hour urine collections were made in the 7th and 9th 

month of her pregnancy and on the 6th day post partum. 
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METHODS 

1) Hydrolysis and Extraction of Urines 

Six or twelve hour aliquots of a 24 hour collection of urine 

were adjusted to pH 5.0 and were incubated at 37°C for 24 hours 

with beta-glucuronidase; Ketodase, a preparation of ~1arner

Chilcott lab. was used in amount of 300 units/ml. of urine. At 

the end of 24 hours the urine was extracted three times with 

1/2, 1/4, 1/4 of its volume with chloroform. The urine specimens 

were then reincubated for a further 24 hours of hydrolysis after 

which they were acidified to pH 1.0 and extracted with chloroform 

immediately. The two extracts were combined. 

In 3 instances (urine samples of case A.O. 8th, 9th months 

of pregnancy and 4 days post partum) the specimens were each ex

tracted wi th an equal volume of benzene (J times 1/3 the volume 

of urine) after 48 hours treatment with beta-glucuronidase and 

the benzene was evaporated off. 0 enzene was used to ensure more 

complete extraction of the metabolites of progesterone. The urine 

samples were then acidified to pH 1.0 with conc. H2S04 and after 

24 hours of acid hydrolysis at room temperature were extra~ted 

with· chloroform; the two extracts were combined. 

In all cases, the crude extracts, iri 200 ml. chloroform sol

vent, were washed wit h 3 x 50 ml. cold O.lN NaOH solution and 

2 x 25 ml. distilled water. The chloroform was then evaporated 

off in vacuo below 50° C. The steroid residues were transferred 

to test tubes and prepared f or paper chromatography in the usual 

way. 
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2. Paper chromatography of Steroids 

The urinary corticosteroid patterns were obtained in a sim

ilar way as that described in an !4.S~. thesis ( 268). 

The dried extracts contained the neutral steroids which were 

applied on paper for separation by chromatographie method into 

3 major groups of steroids depending upon their polarity. 

The steroids were first fractionated in the chloroform-form

amide system (27). Àll compounds more polar than, and including 

cortisone, (c21 05) were eluted separa tel y from the f aster moving 

material. The latter was applied in the benzene-formamide (272) 

system for further purification; all steroids more polar than 

and including compound A (c21o4) were eluted separately from the 

faster moving material, i.e. C2103 and C2102 compounds. 

Group I: Most polar steroids 

The most polar C2105 compounds were reapplied in the toluene

propylene glycol system, diluted, (T-PGd) for a period, about 7 

days, that would permit a separation of compounds THF, THE, F 

and E. 

Group 2: Medium polar steroids 

The overflow (containing cortisone) from the 7 day run was 

chromato8raphed in T-PG,d, for 3 days together with the C2104 

steroid fraction for good separation of cortisone from corticost-

erone. 

Group 3: Least polar steroids 

Material with the polarity of oorticosterone came off in the 

overflow of the 3 day T-PG run. It was then combined with the 

least polar compounds, C2103 and C2102, and chromatographed in 

T-PG, undiluted, for 15 hours to obtain the pattern of steroids with 
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polarity intermediate between compounds Band DOC, if any such 

were present. 

The same concentration of corticosteroids, expressed as num

ber of hours urine extract /cm. width of paper strip, was applied 

on each of the 3 T-PG chromatograms which comprise a single ur

inary corticosteroid pattern. For urines of normal subjects 0.8 

hrs. urine extract /cm. width of strip was an adequate concent

ration according to previous studies (268). 

3. Scanning Patterns of T-PG Chromatograms 

Strips one to 1.5 cm. wide were eut from each T-PG chromat

o ~ram after it had been dried. The strips were scanned every 0.5 

cm. at 240~{UV light) in a Photovolt optical densitometer, for 

the pattern of compounds with the a4-3-ketone grouping. Follow

ing this the same strips were treated with blue tetrazolium (BT) 

reap.:ent {method described below) and then scanned at 525ry.lvis

ible light) in an identical manner for the pattern of compounds 

with the alpha-ketol grouping at t he carbon 17 side chain. The 

plotting of optical densities recorded was carried out with UV 

and BT patterns being superimposed. These urinary corticosteroid 

patterns (l) established the position of the separated steroids 

on the paper chromatograms and made immediately evident the qual

itative ch aracter of each of the patt erns. (2) They gave a rough 

estimation of the relative quantities of the separated compounds. 

BT reaction on paper strips 

Reagents: A 2% aqueous 

B 10% 

c 60% 
" 
" 

BT solution 

NaOH tf 

Methanol " 

D 2N - sulphuric acid 
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The paper strips v-;ere dipped in BT solution ( a mixture of 

25 c.e. A, 37.5c.c. Band 37.5c.c. of C) for about 2 minutes for 

development of purple-pink colour at the zones containing alpha

ketols. They were then immersed in solution D for a few seconds 

in arder to stop the reaction and finally washed in distilled 

water. The strips were dried in an oven at 90°C for about 10 

minutes prier to scanning. 

4. Quantitative Studies 

a) Estimation of compounds THF, THE, F and E 

After the position of compounds THF, THE, F andE was determ

ined by the methoàs just described the area on the paper strips 

containing the se compounds was el uted wi th alcohol. The eluates 

were then reapplieà on paper strips and rerun in the Bush C 

system (271) or chloroform-formamide system (270) in order to 

completely separate the steroids and to achieve further purif

ication. The appropriate steroid zones were then eluted with 

alcohol and assayed for 1:14-3-ketone and/or alpha-ketolic steroid 

content by UV light absorbing intensity and blue tetrazolium re-

"'· action, respectively. These methods are described fully in pant 

A of l\lliTHODS, section 6. 

b) Endocrine assays 

The following endocrine assays were done in the routine lab

oratory of the University Clinic of ths Royal victoria Hospital 

and not by the author of this thesis. 

i) Aldosterone determinations 

Aldosterone was assayed biologically for sodium-retaining 

activity in adrenalectomized rats by the method of Venning and 



54 

Dyrenfurth (25). 

(ii) Pregnanediol and pregnanetriol determinations 

Aliquots oorresponding to lOO ml. volumes of urine previous

ly hydrolysed with beta-glucuronidase were assayed for the cont

ent of these steroids in conc. H2S04 after their isolation by 

a modification of the column chromatographie method of Eberlein 

and Bongiovanni (279) 

(iii) Total 17-hydroxycorticosteroid excretion 

The total 17-hydroxycorticosteroids were measured by a mod

ification of the Porter-Silber (280) reaction on chloroform ex

tracts of about JO ml. urine that had been incubated with beta

glucuronidase. 

c) Method of expressing results 

It has been established in this laboratory that in pregnant 

(and non-pregnant) individuals the creatinine excretion per 24 

hour~approxirnately 1 gm.?remains constant from day to day (lOO). 

There was, ho\-.rever, a considerable variation, from 0.68 to 1.22 

gm., in the creatinine excretion of supposedly 24 hour urine 

specimens received from caseA.O. that indicated that sorne of the 

samples may not have been properly collected. It was decided, 

consequently, to express all quantitative results for each of 

the urine samples investigated per unit of creatinine excretion 

i.e. as mgm. (or ug.) of steroid excreted per gram of creatinine. 
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METHODS USED IN EXPERIMENTAL \WRK ON 
PREGNANCY IN THE RAT 

INTRODUCTION 

As previously mentioned certain studies were carried out on 

the rat primarily because it was impossible to do them on human 

subjects. For this reason and because it was also of interest 

to see if in the rat pregnancy involved changes in the rate of 

corticosteroid production and metabolism as it apparently does 

in the human the following experiments were carried out. 

1) The rate of corticosteroid secretion by adrenal glands of 

both pregnant and non-pregnant female rats was compared in both 

'in vitro' and 'in vivo' studies including the incubation of 

adrenal glands and collection of adrenal venous blood, respect-

ively. 

2) The possibility that alterations in the rate of corticost

eroid metabolism could be demonstrated directly at the level of 

liver function was investigated with incubations of liver tissue 

obtained from pregnant and non-pregnant female rats under 'in 

vitro' conditions. 

J) The role of the rat placenta was also investigated in a 

series of incubations with consideration of the possibilities of 

showing a) a secretion of corticosteroids, b) a direct influence 

of the pla centa on adrenal function and c) an interaction of 

placental tissue with corticosteroids, 'in vitro'. 

All the animals used were hooded r ats from the colony at the 

Royal Victoria Hospit al . Thi s colony has been inbred for JO years. 

The rats were fed on a regular purina fox chow diet and given tap 
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water to drink. 

A. Incubations of Adrenal Glands 

Adrenal glands from female and male rats were incubated 

under 'in vitro' conditions and their rate of steroid production 

was measured. 

The weights of the male rats used in these experiments rang

ed from 170 to 180 . grn. Those of non-pregnant female s ranged from 

157 to 314 gm., average of 128 rats was 223 gm; the weight s of 

pregnant rats ranged from 186 to 404 gm. (average of 112 rats 

was 277 gm.) 

1) Preparation of Adrenal Glands for Incubation 

The animals were kept in a room maintained at a constant 

temperature and humidity for 2 days prior to operation. The ad

renalectomy was performed under ether anaesthesia except in 2 

experiments where riembutal was used; 0.3ml.of a preparation 

(Abbott lab.) containing 60 mgm. pentobarbital sodium was ad

ministered subcutaneously. The excised adrenals were placed in-

to ice-cold oxygenated Krebs-Ringer solution (KRS). Each adrenal 

was dissected free from fat with care taken to retain the capsule. 

It was then eut into 2 parts with fine scissors and each half 

added to one of 2 beakers containing ice-cold incubation medium. 

This procedure was carried out on a piece of filter paper wetted 

with KRS. It was kept cold on a petri dish over ice·. The adren

alectomy and the cutting of the adrenals took about 3 hours in 

all. Thè tissue was then drained from its medium, blotted quickly 

on filter paper and weighed on a torsion balance. 
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2. Incubation Procedure 

The weight of the adrenal tissue (approximately 500 mmm. per 

sample) varied depending upon the number of rats available. It 

was transferred to 100 ml. beakers containing 30 ml. of oxygen~ 

ated Krebs-Ringer bicarbonate solution (pH?.4) with added 200 

mgm.% glucose (as for human placental incubations). The incub

ations were carried out under a 95% 02 , 5% co2 gas phase at 

37°C in a Dubnoff metabolic shaking incubator for up to 5 hours. 

Usually the re were three in cu ba ti on periods; ( 1) 0 to 1 hour, 

(2) 1 to 3 hours and (3) 3 to 5 hours. The medium was changed at 

the end of each period. It was warmed to 37°C prior to its add

ition to the tissue for the second and third incubation periods. 

3) Incubation of Adrenal Glands with other Tissue 

In a few experiments freshly removed rat placental tissue 

(eut into small pieces with scissors) and in 1 experiment fresh

ly halved pituitaries were added to the incubations. These tiss

ues were kept in ice-cold KRS prior to incubation. 

4) Extraction of Steroids from Incubation Media 

After the incubations were completed the medium was decanted 

off, the beaker content was rinsed with distilled water and this 

washing was added to the medium. This aqueous solution was then 

extracted for its corticosteroid content with 3 x 100 ml. re

distilled chloroform and the solvent subsequently evaporated off 

in vacuo below 50°C. 

5) Paper Chromatographie Procedure 

The chloroform extracts were applied first in th~ chloroform~ 

formamide system. The cortisone-aldosterone zone was eluted and 



reapplied either in the Bush C or Bush B5 systems for isolation 

of aldosterone. The corticosterone zone of the first chromate

gram was eluted and reapplied in the toluene-propylene glycol 

system for 15 hours to achieve better separation and a further 

purification of this steroid. 

6) Measurement of Corticosteroids 

Corticosterone was estimated bY 3 different methods, INH and 

BT reactions and UV light absorption, aldosterone by UV light 

absorption. In cases where there was not sufficient material to 

be measured by this procedure the soda fluorescence method was 

used. All these procedures are described in detail in part I of 

METHODS {A. Human Placental Incubation, section no. 6). 

B. Adrenal Venous Blood Collections 

Adrenal venous blood was obtained from non-pregnant female 

rats ranging in weight from 165 to 240 gm. (average of 29 was 

197 gp1.) and pregnant rats wi th weight range from 186 to 310 gm. 

{average of 29 was 248 gm.). Pregnant rats were generally close 

to term (21 days) when used. 

l) Preparation of Rats for Operation 

·Non-pregnant rats were anaesthesized with 0.2 to 0.3 ml/rat 

of nembutal given s.e. in a single dose. As pregnant rats did not 

tolerate these amounts of nembutal smaller quantities - 0.15 ml 

rat were given s.e. Fifteen minutes after the nembutal injection, 

each rat recèived 1 ml. (1000 units) of a solution of heparin 

( Connau.ght lab) in distilled water, s .c. and fifteen minutes 

later the surgical procedure was carried out. At this time sorne 

pregnant rats needed more nembutal and 0.1 ml, s.e. was admin-
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istered if necessary. 

2) Procedure for Collection of Blood 

The adrenal venous blood collections were performed accord

ing to the modification of Giroud and Das Gupta (lOO) of the 

original method of Bush (185). The abdomen was eut open and 2 ml. 

of warm 0.9% saline injected into the gut. The viscera were 

gently moved to one side, covered with cotton pads wetted with 

warm saline and the left adrenal and kidney region exposed. A11 

blood flow through the renal vein (except that coming from the 

adrenal vein) was stopped by ligations at the appropriate areas, 

i.e. blood supply from left kidney and ovarian vein and to the 

vena ~ava. A glass cannula rinsed with heparin solution was 

then inserted into the renal vein through which the adrenal 

venous blood could flow. The abdominal contents were covered 

with cotton pads and the rats 1.vere kept warrn under lamps. This 

entire procedure took from 15 to 30 minutes to perform. 

Blood samples were kept only if rats remained alive with 

continuous blood flow for a one hour period after the operation. 

Samples of less than 1.5 ml/rat were discarded. 

At the end of the blood collection, the left adrenal glands 

were removed and weighed on a torsion balance. 

3. Extraction of Blood 

All blood samples were kept refrigerated and extracted with

in 48 hours after collection. Blood from 4 or 5 rats was pooled 

and laked with distilled water prior to extraction. Ethyl acetate 

extraction, alcohol-petroleum ether partitioning and subsequent 
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chloroform extraction were done exactly as described for methods 

used in human placental incubations, in partI of METHODS, sec

tion A, no. 2. 

4. Paper Chromatography and Steroid Estimation 

The extracts were chromatographed in the Bush B5 system. The 

aldosterone zone (between standard compounds E and F) was eluted 

with ethanol and submitted for assay according to the Simpson

Tait method (281) on 25 gm. adrenalectomized albino rats. This 

assay was very kindly carried out by Drs. Giroud and Das Gupta 

at the Montreal Childrens Hospital. 

The cortiBosterone zone of the Bush B5 paper was eluted and 

reapplied in the toluene-propylene glycol system for 15 hours. 

The carticosterone zone was eluted and measured by Uv light 

Qbsorption and INH and BT reactions in the usual way, (Part I 

of METHODS, section A no. 6). 

c. Incubations of Liver Tissue with Added Steroids 

1) Source of Liver Tissue Used 

Liver tissue was obtaine d from pregnant and non;,.pregnan t 

fern ale rats. One pregnant rat (from 18 to 2lst day of gestation) 

and one non-pregnant were used for each experiment. The rats 

chosen were of similar age, approximately 3 months. The range of 

weights for pregnant rats was from 230 to 310 gms. (average, 

270 gm.) for non-pregnant ani mal s , from 185 to 250 gms. (average, 

216 gm.). The increased weight in pregnant rats was accounted for 

by the products of gestation. 
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The animals were killed immediately by a blow on the head, 

the ir livers were quickly removed and added to ice- cold Krebs 

phosphosaline buffer (267), the medium for the se incuba ti ons. 

Lobes of the same shape and position were used for all the in

cubations. 

2) Incubation Procedure 

The liver tissue w~s eut into slices with a razor blade and 

from 200 to 250 mgm. (weighed on a torsion balance) was used per 

sample. The cutting was done on petri dishes kept over ice. 

Usually 4 samples from different areas of each lobe were incub

ated with added corticosteroids in 6.2 ml. of phosphosaline 

buffer (pH 7.4) containing lOO mgm. % glucose. Controls consist

èd of pregnancy and non-pregnancy tissue incubated without ster

oid and, also, of samples of steroid incubated alone. In 10 

experiments corticosterone (162 to 338 ug/sample) was used as 

the steroid substrate and, in 2 others, 200 ug/sample of d.l. 

aldosterone-21-monoacetate was used. These steroids, in solution 

in ethanol, were added to 20 ml. incubation beakers. The alcohol 

was evaporated off under nitrogen and the dry steroid residue 

was then completely dissolved in 0.2 ml. propylene glycol prior 

to its dilution with incubation medium. This was done to avoid 

the presence of alcohol i n the incubation medium but at the same 

time to ensure complete solution of the steroid substrate therain. 

The incubations were carried out for 3 hours under a lOO% 02 gas 

phase at 37°C in a Dubnof f metabolic sha king incubator. 

3. Extraction of Total Free Steroids 

After the incubations wer e complet ed the medium for each 
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sample was decanted, the beaker content washed thoroughly with 

distilled water and this washing added to the medium. The steroids 

were extracted from the aqueous solution (50 ml.) wi th 3 x lOO 

ml. redistilled chloroform and the solvent then evaporated off 

in vacuo below 50°C. 

4. ~Ieasurement <rt~~.~~eJ:.9t9-A 

The dried chloroform extracts were ready for chemical assay 

without further purification being necessary. Each sample was 

dissolved in an appropriate amount of purified ethanol. TheÂ4-3-

ketone content of this alcohol solution was measured by its 

UV light absorption. Aliquots of the ethanol solution were then 

estimated by the INH and BT reactions which are described in 

detail in part I of METHODS (human placenta! incubation, section 

A, no. 6.) 

D. Incuba ti ons of Liat Placentae with Added Stero ids 

l) Preparation of Tissue 

In 4 experiments placentae were takeri from pregnant rats 

after removal of their livers and suspended in ice-eold Krebs 

phosphosaline buffer (medium). Eaeh placenta was eut with fine 

scissors into 2 to 4 portions (as equal as possible) depending 

upon the number of samples des ired f or incubation. Eaeh of these 

portions was then separately eut into smaller pieees whieh were 

dropped into beakers containing ice-eold medium. All rutting was 

done on petri di shed kept over i ce. Af ter a l l the t i ssue was eut 

each of the samples was drained from its medium, quiekly blotted 

\ 
\ 
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and weighed on a torsion balance. The weighed tissue was trans

ferred to beakers containing buffer and, in sorne samples, add

ed corticosterone for a 2 hour incubation period. 

2. Incubation Procedure, Extraction of Steroids from Media 
and their measurement 

The conditions for these placental incubations were ident

ical to those described for the liver experiments. The extraction 

of the steroids from the media and their measurement was simil-

arly performed as for the studies on liver, (section c.) 

3. Homogenates of Tissue 

In 1 experiment after the incubation was completed the sam

ples of tissue after removal of the medium were transferred to 

Potter Elvehjem tubes with 5 ml. of distilled water for homog

enization. This was done to recover any steroid retained within 

the tissue. The homogenates were then treated with 150 ml. of 

redistilled acetone and filtered after 3 hours standing with 

occassional stirring. The filtrate was evaporated in vacuo be

low 50° C to remove all acetone. The aqueous residue was extract

ed with chloroform as usual (see part C of methods) and the ex

tracts were chromatographed in the Bush B5 system. The zone of 

cor ti costerone was elut ed and this steroid estimated by INH and 

BT reactions and by UV light absorption in the usual way. See 

METHODS part I, Section A, no. 6. 
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RESULTS 

PART 1: EXPERIMENTAL \\ORK ON HUI~_fREG!!_.Ali_CY 

A. Incubations of Human P1acentae 

E1even experimenta were carried out with placentae 

·ebtained at caesarian section. They were converted into a 

mince and incubated in Krebs-Ringer solution wïth the purpoae 

of demonstrating an 'in vitr~' production of aldosterone and 

other corticosteroids. Efforts were also made to stimulate ster

oidogenesis by the add~tion of the trophic hormones, chorionic 

gonadotrophin, ACTH and prolactin to the incubation medium ot 

samples of tissue; cholesterol and pregnenol0ne which are known 

precursor.s of adrenal cortical hormones were similarly added. 

The possibility of showing an 'in vitro' production of progester

one under these conditions was simultaneously investigated. It 

was a1so considered that the placenta1 tissue although producing 

corticosteroids and, especia1ly, progesterone was not freely re

leasing them into the incubation medium due to protein binding 

or other phenomena. For this reason in one experiment a NaOH 

hydrolysis of the incubated tissue was carried out for a more 

complete recovery of progesterone and in two other experimenta 

the incubated placental tissue was homogenated tCJ liberate all 

steroids from within the cells. 

1. Ccmpounds isolateq_from_human placental incubations. 

Seven UV light absorbing oompounds were isolated from 

the blood content and/or incubation medium of human placentae. 

They include cortisone, hydrocortisone, progesterone and 4 un

identified steroids designated as compounds X1, 12, X3, and X4 

(Table 1}·. 
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a) Compounds more regu1ar1l iaélated 

(i) Progesterone 

This steroid waa obtained from the incubation med

ium of each of t he 11 placentae and was also iso1ated from 

the c ord blood content of one of them in amount of 0.38 ug./ml. 

Progesterone is the only steroid which has been definitely iden

ti!ied. (1) Its chromatographie mobility in heptane-propylene 

glycol was simi1ar te that of authentic progesterone. ( 2) It 

had a UV 1igh t absorbing maximum at 2ltü m).A which is character

istic of A4-3 ... ketonic steroids and (3) reacted positively with 

isonicotinic acid hydrazide ~1ich measures the same grouping. 

(4) The maximum of UV light absorption in conc. H2so4 waa at 

292 mu which is simi1ar t o t hat obtained for standard proges

terone and (5) the infra-red spectrum of the steroid iso1ated 

was the same as for authentic progesterone. Fig. 1. 

(ii) Cortisone 

Cortisone was iso1ated from the 9 placentae in Which 

its presence was investigated. Cortisone was identified on the 

basis of (1) its chromatogr~phic mobility in the ch1oroform

formamide, Bush C and Bush B5 systems, (2) its UV light absorb

ing maximum in ethanol at 239 mu, (3) ita reactions with blue 

tetrazolium which establishes the presence of the a1pha-ketol 

group and (4) by its maxima at 280, 340, 420 mu in conc. H2S04 

which were similar to those obtained for authentic cortisone. 

(iii) Hydrocortidone 

Hydrocortisone was obtained from 6 out of 7 placentae 

in ~ich its presence was investigated. Its characterization was 



Compound 

THF + THE (zone) 

Hydrocortisone 

Cortisone 

Progesterone 

xl 

x2 

XJ 

x4 

'TABLE I 

COMPOUNDS ISOLATED FROM HUMAN PLACENTAL INCUBATIONS 

UV absorption UV absorption Chromatographie 
in ethanol BT in conc.H2S04 mobility of 

maxima {mu) reaction maxima {mu) unknown compounds 

- .. + 

+ 240 + 

+ 239 + 280, 340, 420 

+ 240 - 292 

+ 238 - similar to aldosterone 
in CHCll-form., Bush C 
and Bus B5 systems 

, 

+ 250 below 220, Toluene-propylene 
245-250, 335 glycol • 0.18 

{Rt DOC) 

+ 272 23 5, main peak 
at 265 Il 0.35 

+ 238 285, 420 " 0.74 

--

"' "' 
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FIGURE 1: 

Infrared spectrum of progesterone isolated from 
human placenta and of standard progesterone (KBr Crystal). 
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i.)ased on (1) mobility in the chloroforrn-formamide, Bush C and 

3ush B5 systems, (2) its UV light absorbing maximum at 240 mu 

in ethanol and (3) its reaction with BT solution. The amounts 

<n~esent were too small to permit further identification by 

q2so4 chromogen spectrum. 

(iv) Compound X1 

A compound, x1 , was obtained from 7 out of 11 placentae. 

It has chromatographie mobility similar to that of aldosterone 

in the chioroform-formamide, Bush C and Bush B5 systems of chroma

tography. It does not appear to be aldosterone, however, as 5 

and 3 ug. samples (estimated by UV light absorption) did not 

show Na-retaining activity in a bioassay that can detect a mini

mum of 2 ug. of aldosterone. In another experiment 7 and 8 ug. 

quantities of this compound did not give a positive BT reaction 

as would aldosterone which possesses an alpha-ketolic group. 

The zone of compound x1 , may, however, be a mixture which con

sists predominantly of the unknown steroid but in which aldoster

one may also be present in quantity too small in the amounts of 

tissue used to be detectable. 

b) Other compounds isolated from human placentae 

(i) Compound X2 

The compound X2 was isolated from the cord blood of one 

placenta. It was also obtained in amount of 11.25 ug. (hydro

cortisone equivalents) in the first hour of incubation of 268 gm. 

of tissue from another placenta but could not, however, be detec

ted in the medium of the following period of incubation. 
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Compound X2 absorbed UV l~ht maximally at 250 mu and appears, 

.the re fore, not to have be en a .6.4-3-ketonie steroid. The maxi

m\a in conc. H2so4 were at 245-250, 335 and below 220 mu. In 

the toluene-propylene glycol system it was more polar than 

compound DOC and had the same mobility as corticosterone. 

(ii) Compound X3 

This compound isolated from 3 placentae was present 

in largest amount or all the unidentified co mpounds. It was 

obtained in greatest quantity from the blood content of one 

placenta while the tissue, 225 gm., yielded a much lesser am

ount into the incubation medium according to comparative in

tensity on paper chromatograms. Compound X.3 does not appear 

to be a corticosteroid as it showed a UV light absorbing maxi

mum at 272 mu 'lftlich is close to that shown by oestrogens. It$ 

maxima in conc. H2so4 were at 235 and 265 (main peak) mu. In 

toluene-propylene glycol it is more polar than desoxycorticos

terone and moves between compounds A and B. 

(iii) Compound X4 

A compound X4 was o btained from 2 placentae and no 

attempt was made to isolate it in other experimenta. It was ob

tained from the blood content of one placenta in amount corres

ponding to 14.25 ug. of hydrocortisone. Compound X4 was also 

present in trace quantities in the incubation medium of the first 

hour of incubation of 268 gm. of tissue but not in detectable 

quantities in that of a succeeding incubation period. Its UV 

light absorption maximum at 238 mu indicates that it was a~4-3-

ketonic steroid. Maxima in con c. H2S04 were at 285 and 420 mu. 
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In toluene-propylene glycol it was slightly more p0lar than 

compound DOC and moved faster than both compounds A and B. 

(iv) Compounds THF and THE 

Blue tetrazolium reactive material with the same mo-

bility as standard compounds THF and THE in the chloroform-for

mamide system was isolated from one placenta. It was not char

acterized further but presumed to cansist of a mixture of these 

steroids. 

2. guantitf of various stereid~_isol~~_d_ from incubation 
media o t1îe different pTaëe~~~~· 

Table II shows the quantity of steroids isolated from 

the incubation medium of the first period of inc·.u tbation of the 

different placentae studied. The values are expressed in ug. 

of steroid per lOO gm. of incubated tissue. 

Of all the steroids in the incubation media proges

terone was always present in the highest concentration. It was 

isolated in amounts ranging from 77.00 to 185.00 ug./100 gm. Gf 

tissue with the average of 10 determinations being 114.2 ug. 

Of the corticosteroids, cortisone was present in greatest quan

tity ranging from 6.70 to 21.60 ug/loO gm. of tissue - the av

erage of g measurements was 13.71 ug. Hydrocortisone was iso

lated in quantity ranging from o.oo to 9.0 ug/100 gm. of tissue, 

the average being 4.48 ug. Compound X1 was always the least of 

the regularly measured steroids ranging from 0.00 to 7.50 ug/ 

lOO gm. of incubated tissue and the average of 10 determinations 

was 2.31 ug. 

There appeared t o be no correlation between the number 

of hours of the first period of incubation of the different 



Ex periment 

1 

2 

3 

4 

5 

6 

7 
g 

9 

10 

Average 

TABL:§' II 

STEROID CONTENT OF r.ŒDIA WRING FIRST PERIOD 

OF INCUBATION OF DIFFERENT ~~-Q~~~~ 

ug. steroid/100 gm. tissue 

No. hours Progesterone Cortisone Hydrocortisone 

5 122.37 

3 125.00 

1 103.00 21.00 

3 1S5.00 6. 70 

3 129.40 11.26 S.24 

1 90.54 21.60 o.oo 
3 136.00 14.30 3. 20 

3 79.97 12.30 3. 4S 

3 74.00 7.20 2.96 

3 93.75 15.36 9.00 

114.20 13.71 4. 4S 
--- -- ------ ----

Compound X1 

6.75 

3.13 

1.96 

1.27 

1.52 

o.oo 
0.95 

o.oo 
o.oo 
7.50 

2.31 
~---~ 

1 

1 

-'l 
....... 
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placentae and the corresponding quantity of progesterone and 

c.:>mpound Xl yielded into the incubatLm media (Table II). On 

the other hand, the highest concentrations of cortisone, 21.00 

and 21.60 ug/100 gm., were obtained in the 2 experiments when 

the first period of incubation was only 1 hour. In one of the 

latter instances no detectable amount of hydrocortisone could 

be obtained but this steroid was always isolated in measurable 

quantity when the first incubation period was of 3 hours dura

tion. The results suggest that the amounts of compounds E and 

F isolated from these incubations of placenta were to some ex

tent related to time and this possibility is dealt with more 

thoroughly in a following section. 

3. 

a} 

Effect of addition of chorionic gonadotrophin,adrenocor
ticotrophin and prolactin ~the incubation medium. 

Chorionic gonadotrophin (HCG) 

The hormone HCG was used on the basis of its luteo-

trophic activity in humans. The administration of HCG stimu

lates the production of progesterone by the corpus luteum in 

women who show subnormal pregnanediol excretion in early preg

nancy. Furthermore, when chorionic gonadotrophin is given to 

women in the luteal phase of the menstrual cycle there is a 

delay of bleeding while pregnanediol continues to be excreted 

in the urine (lOO). There has been speculation, therefore, ths.t 

HCG may act to stimulate the production of progesterone and oes-

. trogens by placental tissue after the corpus luteum becomes non

functional. For this reason HCG was added to the incubation 

medium of 3 placentae (Table I II) in an attempt to stimulate 

steroidogenesis 'in vitro'. It was used in experiment 5 in amount 



TABLE III 

ADDITION OF HUMAN CHORIONIC ·GONADOTROPHIN {HCG) TO~H~ 

INCUBATION MEDIA OF HUMAN PLACENTAE 
-.....---.-................ --·· 

Steroids isolated from media of 0 to 3 hours 
incubati.Gn of tissue 
ug./100 gm. tissue 

Experiment Sample Progesterone Cortisone Hydrocortisone Compound X1 

5 Contra! (1) 129.40 11.26 $.24 1.52 
n ( 2) 119.30 - 7.37 1.20 

7 U HCG/gm. 119.70 12.50 7.$3 1.69 

6 Control (1) 131.32 23.15 o.oo o.oo 
n ( 2) 131.0$ 24.0$ o.oo o.oo 

10.4 U HCG/gm. 134.05 1$.54 o.oo o.oo 
(after first hour) 

7 Control 136.00 14.30 3.20 0.95 
32.7 U HCG/gm. 137.19 13.70 3.$1 1.01 

---- --------- - ---- -

--.J 
VJ 
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of 7 U/gm. of tissue from 0 to 3 hours of incubation; in ex

periment 6 in quantity of 10.4 U/gm after the first hour of in

cubation (from 1 t o 3 hours) and in expe riment 7 in amount of 

32.7 U/gm. from 0 to 3 hours of the incubation. In none of these 

experimenta did the steroid content 1s olated from the incubation 

media differ significantly in HCG stimulated tissue in compari

son with the controls. For example, in experiment 7, where the 

greatest amount of HCG was used, the control sample showed le

vele of compounds E, F, x1 and progesterone amounting to 14.30, 

3.20, 0.95 and 136.00 ug./100 gm., respectively. When 32.7 U 

HCG/gm. were added to the incubation medium of another portion 

of tissue the steroid content/lOO gm. of tissue included 13.70 

ug. of cortisone, 3.81 ug. of hydrocortisone, 1.01 ug. of com

pound X1 and 137.19 ug. of progesterone. dimilar findings were 

obtained in the other 2 experimenta. 

The resulta indicate that HCG did not stimulate a pro

duction of any of the measured steroids during incubation of 

placenta! tissue. 

b) Adrenocorticotrophin (ACTH) 

Adrenocorticotrophin stimulates the secretion of cor

ticosteroids by the adrenalcortex both in vivo and in vitro.· If 

the placenta can produce adrenal-like hormones in vitre, by ana

logy such activity might be stimulated by the addition of ACTH 

to the incubations. This was the purpose for the use of ACTH 

in 2 experimenta. Amounts of 4.9 and 8.0 U/gm. of tissue were 

added to the incubation medium of one portion of tissue (Table 

IV). The ACTH preparation used was previously Shown to stimu

late the secretion of aldosterone by adrenal glands \vh ich were 



Experiment 

7 

g 

TABLE IV 

ADDITION OF ADRENOCORTICOTROPHIN_lACfH) TO THE 

INCUBATION MEDIA OF HUMAN PLAC~~TAE 

Steroids isolated from medLa of 0 to 3 hours 
incubation of tissue 
ug./100 gm. tissue 

Samp1e Progesterone Cortisone Hydrocortisone Compound X1 

Control 136.00 14.30 ).20 0.95 
4.9 U ACTH/gm. 130.00 14.35 ).50 0.94 

Control 79.97 12.30 ).48 o.oo 
8.0 U ACTH/gm. 76.67 12.15 ).67 o.oo 

~-

1 

1 

~ 
\.n 
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incubated 'in vitro' und er s imilar conditions tG th ose used for 

the placent"'-1 incubations. It was made by Nordic Biochemical 

Co. from hog pituitary tissue. 

In e xperiment 8 the following steroid concentration 

/100 gm. of tissue was obtained from the incubation medium of 

the control sample: 12.30 ug. of cortisone, 3.48 ug. of hydro

cortisone, 0.00 ug. of com'pound x1 and 79.97 ug. of progester

one. The portion of tissue incubated with 8 U ACTH/gm. yielded 

similar quantities of steroid into the incubation medium; com

pounds E, F, x1 and progesterone were present in amounts of 12.12 

3.67, 0.00 and 76.6 ug./100 gm., respectively. Similar results 

were obtained in the other experiment where ACTH was used. 

Adrenocorticotrophin did not stimulate the production 

of the corticosteroids Which were measured or of progesterone 

when added to incubations of placental tissue. 

c) Prolactin (luteotrophin) 

Prolactin is used clinically to enduce lactation in 

some women follawing termination of pregnancy (282). This hor

mone is identical to luteotrophin Which is necessary for the 

secretion of progesterone by the corpus luteum in hypophysecto

mized rats which have been properly primed with FSH and LH hor

mones (lOO). Prolactin was, therefore, used in one experiment 

in an attempt to stimulate a production of progesterone and of 

corticosteroids by placental tissue 'in vitro•. The prolactin 

(NIH-SP-1) used was a highly purified sheep preparation estima

ted to contain 20 I.U./mg., being distributed by the National 

Institutes of Health. . It waa added in amounts of 1.48 U/100 gm. 

of tissue for both a 0 to 3 hour and a subsequent 3 to 6 hour 



Incubation 
period {hrs) 

0 - 3 

3 - 6 

Tissue 
hydrolysed 
after · 
incubation 

TABLE V 

ADDITION OF PROLACTIN TO THE INCUBATION MEDIA 

OF HUMAN PLACENTAE 

Steroids isolated from incubation media of 
tissue and from tissue hydrolysate 

ug./100 gm. tissue 

Sample Progesterone Cortisone Hydrocortisone Compound X 1 

Control 74.00 7.20 2.96 o.oo 
1.48 U Pro./gm. 74.00 6.68 2.96 o.oo 

Control 41.90 0.74 o.oo o.oo 
1.48 U Pro. /gm. 36.40 0.74 o.oo o.oo 

Control 90.50 

Prolactin 
added 89.50 

-..J 
-..J 

1 
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incubation period (Table V). In the first period of :incubation 

the steroid content in the incubation medium of the control sam-

ple was 7.20 ug of cortisone, 2.96 ug. of hydrocortisone, 0.00 

ug. of compound X1 and 74.00 ug. of progesterone, all values 

per lOO gm. of tissue. The portion of tissue incubated with 

prolactin yielded sirnilar amounts 6.68, 2.96, 0.00 and 74.00 

ug. of compounds E, F, x1 and progesterone/lOO gm. of tissue, 

into the medium. A similar pattern of values was obtained in 

the 3 to 6 hour period of incubation. 

After the incubation was completed the residual tis

sue was hydrolysed with 5% NaOH solution. This procedure accor

ding to Pearlman and Cerceo (158) resulta in a greater recovery 
• 

of progesterone from placental tissue. (It would, however, re-

sult in destruction of oorticosteroids). Virtually the same 

quantity of progesterone was thus obtained from the oontrol sam-

ple and from the one which had b een incubated with prolactin 

for 6 hours, 90.50 and 89.50 ug. progesterone/lOO gm., respec

tively. This showed that the addition of prolactin did not in

crease thè total progesterone oontent of placental tissue dur

ing incubation. 

The influence of time on the quantity of steroids isolated 
from the incubation îœëiia • . - - ---· 

Table VI shows the influence of time on the quantity 

of cortisone and progesterone isolated from the incubation med

ia of human placentae. The media were àlanged after · each period 

of incuba.tion. 

The values for cortisone/lOO gm. of tissue were .always 

the highest in the first period of incubation and then were con-



Exp. Peri.od of 
incubation 

3 First 
Second 

6 First 
Second 
Third · 

g First 
Second 

9 First 
Second 

TABLE VI 

INFLUENCE OF T.IME_ON_Q~~TITY OF STEROIDS ISOLATED 

FROM INCUBATION MEDIA OF HUMAN PLACENTAE 

Steroids iso1ated 

Duration 
(hours) Cortisone Progesterone 

ug./100 gm. ug./100 gm./hr ug./100 gm. ug. /100 gm/hr 

1 21.00 21.00 103.00 103.00 
2 5.32 2.66 50.37 25.19 

1 21.60 21.60 90.42 90.42 
2 2.15 1.oa 40.90 20.45 
2 1.oa 0.54 33.90 16.95 

3 12.30 4.10 79.97 26.66 
3 1.74 0.5$ 51.46 17.15 

3 7.20 2.40 77.00 25.67 
3 0.74 0.25 41.50 13.83 

-

! 

1 

' 

-...J 
\,() 
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siderably less in the.following pe~od. For instance in ex

periment 3 they decreased from 21.00 to 5.32 ug./100 gm. tis

sue and in experiment 6 from 21 •. 60 ug. in the first period to 

2.15 ug/100 gm. in the second; a further decrease to l.oe ug . 

in the third period of incubation was observed. Similar find

ings were obtained in 2 other experiments. When these corti

sone values are expressed as ug./100 gm./hr., in experiment 3 

they decreased from 21.00 ug in the first period to 2.66 ug. 

in the second; in experiment 6 they decreased from 21.60 to 

1.08 ug./100 gm./hr., and similar observations were made in 

the other experiments. The other steroids with polarity simi

lar to that of cortisone, hydrocortisone and compound X1, were 

always present in 1esser quantities than those of cortisone in 

the first incubation period and usually were no longer detecta

ble in a eucceeding one. In experiment 9 the concentration of 

hydrocortisone/lOO gm. tissue decreased from 2.96 ug. in the lst 

period to 0.00 ug. in the second; these values per/100 gm./hr., 

were 0.99 and 0.00 ug., respectively. 

Progesterone, also, was always isolated in greatest 

amount from the medium du ring the first per iod of incubation. 

But the se values did not decrease to the same extent as tho se 

of cortisone nei~her in the second nor third periods of incuba

tion, (Table VI). For instance, in experiment 6 the quantitiea 

ot progesterone/lOO gm. tissue were 90.42, 40.90 and 33.90 ug. 

in the 3 succeeding periods of incubations; when expressed aa 

ug. progesterone/lOO gm. of tissue/hr. they were 90.42, 20.45 

and 16.95, respectively. Similar findings were obtained in 3 . 
other experiments. 
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Possibility of 'in vitro' production of progesterone 
during incubations of human plâcentae. 

It would appear t hat the placenta. oon tinue s to yield 

progesterone int~ the incubation medium after the lst period at 

a relatively high rate in comparison wi th th at of cortisone. 

The following suggestions oould be made to explain this phenom-

enen: 

(1) The placenta is producing progesterone during the in-

cubation. 

{ 2) The placenta is not producing progesterone during the 

incubatien but its progesterone content is diffusing into the 

incubation medium at a limited rate. The latter might be due 

to the relative insolubility of progesterone in aqueous solu

tion or to a binding of this steroid to a placental protein. 

· The retention of progesterone within the cell might result frBm 

some other, unkn~wn, phenomenon. 

These possibilities were investigated in studies with 

NaOH hydrolysed and homogenated tissue• 

a) NaOH hydrolysis of placental. tissue 

In experiment 9, Table V, as previously mentioned, two 

samples of tissue both yielded 74.00 ug. progesterone/lOO gm. 

into the incubation medium during the first period and then 41.90 

and 36.40 ug/100 gm. tissue into the medium during the second 

period of incubation. After a total of 6 hours of incubation 

each of the samples of tissue was removed fn>m the medium, hy

drolysed with NaOH solution and then extracted for progesterone 

content. With this procedure an additional 90.50 and 89.50 ug. 

progesterone/loO gm. of tissue was obtained f~m the 2 samples., 



this means that 43.84 and 44.77% of the total progesterone re

covered from the two portions of tissue remained in the pla

centa even after prolonged incubation. This experiment did 

not indicate whether or not any progesterone was produced dur

ing the incubation periods but did demonstrate that this ster

oid was not freely passing into the medium since hydrolysis 

of the tissue resulted in the release of more progesterone. 

b) Homogenated placenta! tissue 

Breakdow.n of the cell wall by homogenization was 

found to release the progesterone content of the placEDtal tis

sue and was at the same time a safe procedure for the recovery 

of corticosteroids which were a lso rœasured. The possibility 

of an 1 in vitro' production of progesterone by placenta! tis

sue in the experimental system used was investigated in the 

following experiment with use of homogenates. 

In e xperiment 10, Table VII, one portion of tissue 

was not incubated but homogenized at zero hour ef the experiment; 

it yielded 255.00 ug. progesterone/lOO gm. Another equal portion 

of tissue was first incub~ted for 3 hours and then homogenized. 

The progesterone content of the incubation medium and bomogen

ate were separately determined and were 93.75 œ d 15o.ou ug ./ 

lOOgrn.,respectively, a total of 243.75 ug./100 gm. of tissue. 

The difference in the total progesterone content of the incu

bated and non-incubated pontions of tissue, less than 5%, is 

not considered t ob e significant. If progesterone had been 

produced during the incubation it is reasonable to assume that 

the total amount isolated from the . incubated· tissue would have 



Sample 

Non-incubated 
tissue (homogenate). 

Incubated tissue 
0 - 3 hours medi.um 
homogenate. 

TABLE VII 
,. 

THE EFFECT OF INCUBATION ON STEROID CONTENT 

OF HUMAN PLACFNTAE 

ug. steroid iso1ated/100 gm. of tissue 

Compound Zone of 
Progesterone Cortisone Hydrocortisone xl cmpds. THF + THE 

255.00 33.00 1.86 8.25 11.25 

93.75 15.36 9.00 7.50 16.50 
150.00 1.14 1.50 1.14 13.25 

00. 
\J..) 



been greater t han the amount obtained simply by extracticm 

of the tissue without prior incubation. This indicates that 

progesterone was not being produced during these incubations 

of p1acenta1 tissue from any endogenous precursors of this 

steroid. The progesterone which was regularly iso1ated from 

the p1acentae was, rather, present in the tissue at the time 

of caesarian section. 

In a second experiment, No. 11 (Table VIII), one 

portion of tissue was immediately homogenized at zero hour. 

A second portion was incubated with 5.0 mgm. cholesterol fer 

a 3 hour incubation period and a third portion was similarly 

incubated with 2.5 mgm.Â 5-prenene-3,d -ol-20.-one,pregnenolone. 

After the incubations were completed the samp1es of tlssue were 

removed from the media and homogenized. 

An amount of 183.00 ug. progesterone/lOO gm. ef tis

sue was obtained from the non-incubated sample. The incubation 

medium and homogenate of the tissue incubated with cholesterol 

yie1ded 127.84 and 149.14 ug. progesterone/lOO gm., respective

ly - a total of 276.98 ug./100 gm. tissue. An amount of 670.39 

ug. progesterone/lOO gm. was obtained from the incubation med

ium and 586.59 ug/100 gm. from the homogenate of the tissue in

cubated with pregneno1one; the sum was 1256.98 ug. progesterone 

/100 gm. of tissue. 

The total progesterone content/lOO gm. of tissue in 

the samples incubated with cholesterol and pregnenolone was in

creased above the control level by 51.36 and 586.87%, respect-

ively. This increase above the amount of progesterone obtained 



me rely by extraction of the tissue amo-unt ed to a. pro du ct ion 

.of progesterone at a. rate of .31.33 ug./100 gm./hr. in the 

sample inc-ubated with cholesterol while .357.99 ug. of proges

terone/lOO gm./hr. was produced in the sample incubated \'lith 

pregnenolone. 

The placent al tissue in the incubation system used 

although not capable of producing progesterone from endogenous 

precursors did have the capacity to œnvert cholesterol EaldA5-

pregnene-J~-ol-20-one to progesterone. The conversion of the 

pregnenolone to progesterone occurred very readily as it merely 

involves àxidation of the .3 carbon hydroxyl group and a subse

quent shift of the double bond from the .A 5 to theA 4 position 

(74). The conversion of cholesterol to progesterone, however, 

eccurred much less rapidly for it is a more complex process 

(28,3). It involves first the losa of 6 carbon atoms from the 

aide chain at carbon 17 of cholesterol and an oxidation of the 

20 carbon to form the intermediate~5-pregnene-3i-ol-20-one; 

once the pregnenolone is formed it is rapidly con verted to pro

gesterone as described above. It would appear as if the trans

formation of cholesterol to pregnenolone occurred only slowly 

in the incubation system used and presumably was the rate-limit

ing step in the conversion of cholesterol to progesterone. 

6. Possibility of 'in vitro' ~reduction of corticostero ids 
during incubatÎ?I!.~ ~.-l~J:l~an placentae. 

In 4 experimenta the cortisone levels/100 gm. of tis-

sue were always the higpest in the first period of incubation 

and then decreased sharply in the suceeding period(s} as Shawn 



in Table VÏ. The result s sug(;ested th at if cortisone were pro

duced a.fter the lst :period of incubation tbe quantity waa neg

ligible. The same could be said of the other c ompounds with 

similar polarity, hydrocortisone and X1, which were usually not 

_present in measurable quantity in the incubation medium a.fter 

the first period. 

The relatively high levels of cortisone during the 

first incubation periods and the rapid decline thereafter may 

have been due to a relatively rapid diffusion into the rœdia of 

the cortisone present in the placen tae at the ti me of caesarian 

section rather than to any 'in vitro' production. This would 

seem to be borne out with the .following experiments. 

In experiment 10, 'Table VII), each of the samples 

was extracted twice - once, as usual, for free corticosteroids 

and, then, .for any conjugated steroids that might be present. 

These extracts were combined prior to chromatography and assay. 

The control sample of tissue was not incubated but 

homegenized immediately at zero hour of the experiment; it can~ 

tained compounds E, F and X1 in amounts of 33.00, 1.86 and 8.25 

ug./100 gm., respectively, ~nd 11.25 ug./100 gm. of alpha-ketolic 

mate rial with polarity of co mpoUltds THF plus THE. Another por

tion of tissue was first incubated for 3 hours then homogenated. 

The qua.ntities of steroid obtained from the incubation medium 

were 15.36 ug. of cortisone, 9.0 ug. of hydrocortisone, 7.50 ug. 

of compound X1, and 16.50 ug. of more polar BT reactive steroid, 

all per lOO gm. of tissue. The homogenate of the incubated tis

sue yielded an additional amount of compounds E, F and Xl in 
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in quantities of 1.14, 1.50 and 1.14 ug./100 gm., respectively, 

and also 13.25 ug. more of alpha-ketolic compound with po1arity 

of compounds THF plus THE were obtained. 

In comparison with the amount of steroid obtained .sim

ply by extraction of the tissue there was a lesser total quantity 

of cortisone, 16.50 as compared with 33.00 ug./100 gm • . but a 

greater quantity of hydrocortisone, 10.50 as compared with 

1.86 ug./100 gm., was obtained from incubated tissue. A larger 

amount of more polar alpha-ketolic material also was found as a 

result of incubation. This is an indication that about one-half 

of the cortisone content of the tissue was converted during the 

3 hour incubation period, sorne to hydrocortisone by hydrogena

tion of the 11-ketone group of cortisone, and another portion 

to ring A reduced, BT reactive material, preslli~ably consisting 

of compounds THF and/or THE. 

The total concentration of compound x1 obtained from 

incubated tissue, 8.64 ug./100 gm., was the same as that isola

ted from tissue which was not incubated prior to extraction, 

8.25 ug./100 gm. 

An attempt was made to isolate alpha-ketolic steroids 

less polar than cortisone (C2io4) from each of the samples. No 

such material could be detected on 3.0 cm. wide strips of those 

areas of chromatograms which would contain compounds B and A and 

their ring A reduced metabolites. The paper strips were treated 

with a BT reagent which could detect a minimum of about 0.2 to 

0.5 ug. of alpha-ketolic steroid per sq. cm. of paper chromate-

gram. 

In experiment 11 the control tissue was similarly 



TABLE VIII 

THE ADDITION OF CHOLESTEROL AND~pREGfi~~Q~Q~E~_TO 

INCUBATIONS OF HUMAN PLACE~A 

ug. steroid isolated/100 gm. of tissue 

Sam.ple Progestercne Cortisone Hydrocortisone Compound X1 

Non-incubated tissue 183.00 12.80 o.oo o.oo 
homogenate 

Tissue incubated with 
5.0 mgm. cholesterol 
( 0 - 3 hrs.} 
- medium 127.84 7.65 <*2.00 o.oo 
- homogenate 149.14 1.68 o.oo o.oo 

Tissue incubated with 
2. 5 mgm. A5-pregnene-3 

,8-ol-20-cme (0 to 3 hrs) 
- medium 670.39 9.75 <*2.00 o.oo 
- homogenate 586.59 2.27 o.oo o.oo 

* Soda fluorescence test was positive on 1.5 cm. wide strips of paper. 

1 

1 

()). 
()). 



hornogenized without incubation and showed a oontent of 12.80 

ug./100 gm. of cortisone. No hydrocortisone or compound x1 

could be detected by soda fluoresence on 1.5 cm. wide paper 

strips. A second portion of tissue was incubated for 3 hours 

with 5.0 mgm. of cholesterol and then homogenized. The incu

bation :nedium contained 7.65 ug. of cortisone, traces of hydro

cortisone ( less than 2.0 ug), and no detectable quantity of com

pound x1 per lOO gm. of tissue; the homogenate of the incuba

ted tissue yièlded an àdditional 1.68 ug. of cortisone/lOO gm. 

but no hydrocortisone or compound x1 could be detected. A 

third portion of tissue was first incubated for 3 hours wi th 

2. 5 mgm. of À 5-pregnene-3,6 -ol-20-one and th en homogenized. 

The incubation medium contained 9.75 ug. of cortisone/lOO gm., 

no detectable compound x1 and traces, less than 2.0 ug, of hydro• 

cortisone/lOO gm. of incubated tissue. The tissue homogenized 

after incubation contained an additional 2.27 ug. cortisone/lOO 

gm. but neither of the other two steroids in detectable quantity. 

These results suggest a conversion of cortisone to hy

drocortisone during the incubation period although it occurred 

to a much lesser extent in this particular placenta than in the 

one used in experiment 10. This conversion appeared to depend 

on the initial concentration of cortisone in the placenta, be

ing greater when the cortisone content of the tissue was l arger. 

The concentration of cortisone and of compound X1 was, 

therefore, not increased during incubations of human placentae 

even when known precursors of adrenal cortical hormones were 

added to the medium. This is i n contrast to the f i nding of 
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greater quantities of progesterone during incubation with added 

cholesterol and pregnenolone although the amount of this steroid 

similarly did not increase during incubation of placenta! tis

sue alone. The quantity of compound x1 was not influenced by 

incubation but that of cortisone was decreased as a result of 

conversion to hydrocortisone and, perhaps, to the ring A re

duced metabolites, compounds THF and THE. 

There is further indication for the conversion of 

cortisone to hydrocortisone which has been mentioned previously. 

In a number of experiments shown in Table II the highest con

centrations of cortisone/lOO gm. of tissue were obtained in 

the 2 instances when the first period of incubation was only 

of 1 hour duration while no hydrocortisone could be detected in 

one of these cases. When, however, the first period of incuba

tion was of 3 hours duration the concentrations of cortisone 

were lower but hydrocortisone could always be detected. In the 

light of the findings obtained in the later experiments the 

above results suggest that there may have been a slow conver

sion of cortisone present in placental tissue to hydrocortisone 

during prolonged incubation. 

7. In vitro conversion of exogenous hydrocortisone to corti
sone during incubations of human placental tissue. 

Repeated experiments indicated that cortisone was the 

major cortico.steroid that could be obtained from placental tis

sue. During incubation there was no production of cortisone 

but rather a conversion of this steroid to other compound(s). 

This suggests that the cortisone isolated from t he different 



TABLE IX 

CONVERSION OF HYDROCORTISONE TO CORTISONE BY 

HUMAN PLACENTAL TISSUE IN VITRO 

ug. cortisone isolated/100 gm. tissue 

Incubation period {hours) 0 - 3 3 - 6 

Exp. Sample 

8 Control 12.30 1.74 
Hydrocortisone 39.33 16.06 
added, 182 ug./100 gm. 

9 Control 7.20 
Hydrocortisone 
added, 364 ug./100 gm. 

65.00 

~- -- -------- --- ----

1 

1 

1 

'-'> 
l-' 
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placenta! incubations was present in the tissue at the time of 

caesarian section. This presence of cortisone could be due 

either to (1) production of cortisone by placental tissue, 'in 

vivo', or (2) to a concentration of cortisone from the maternal 

circulation by the placental tissue. Since hydrocortisone is the 

~ajor blood 17-hydroxycorticosteroid in late pregnancy (46) one 

might expect to find more hydrocortisone than cortisone in pla

centa! extracts if it is only a question of concentration of 

corticosteroid unless a conversion of hydrocortisone to corti

sone occurs in the placenta, 'in vivo'. An interconversion of 

these steroids has been demonstrated in non-pregnant human sub

jects and the li.ver is presumed to be the site of this activity 

(60) {61). It was of interest to see whether conversion ~f hy

drocortisone to cortisone could be shown with placenta! tissue 

'in vitro' as it apparently occurs 'in vivo'. For this reason 

in 2 experimenta hydrocortisone was added to the incubation 

medium of placenta! tissue, (Table~). In experiment No. 8, 

182 ug. of hydrocortisone/lOO gm. of tissue was added to the in

cubation medium of both an 0 to 3 hour and a subsequent 3 to 6 

hour period of incubation of one portion of tissue. The quan

tities of cortisone/lOO gm. of tissue were 39.93 and 16.06 ug. 

during the first and second periode of incubation, respectively; 

the cortisone content in the incubation media of the control 

sampl'e was significantly lower, 12.30 in the first period and 

1.74 ug/100 gm. tissue in the second period. 

In e xperiment No. 9, a still greater conversion of 

hydrocortisone to cortisone was observed lJdlen a larger c oncen-
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tration of hydrocortisone, 364 ug./100 gm. tissue, was added 

to the incubation medium of one portion of tissue. The quan

tity of cortisone isolated/100 gm. was 65.00 ug. as compared 

.with 7.20 ug. cortisone/lOO gm. obtained from the incubation 

medium of tissue incubated with nothing added. 

The placenta! tissue, therefore, showed a capacity 

to ·convert hydrocort,isone to cortisone by oxidation of the 

11 carbon hydroxyl group 'in vitro'. If a similar conversion 

occurs 'in vivo' it might explain the finding of considerably 

greater quantities of cortisone than of hydrocortisone in pla

centae about two weeks before termination of pregnancy, even 

though the major 17-hydroxycorticosteroid in the materna! peri

pheral circulation at this time is hydrocortisone. 

8. Summary of findings. 

a) Sevan UV light absorbing compounds were isolated from 

the incubation media of 11 human placentae obtained by caesar

ian section. These included cortisone, hydrocortisone, pro

gesterone and 4 unidentified compounds designated as x1 , x2 , 

x3 , and x4 • Compound X1had the same mobility as aldosterone 

in all the chromatographie systems used but no detectable amounts 

of aldosterone could be isolated from the quantities of tissue 

used. Alpha-ketolic material with poiarity of compounds THF 

and THE was obtained in one experiment where the incubation 

media ha~ been extracted for both free and conjugated steroid 

content. 

b) Compounds E, F, Xi and progesterone were more regu-

larly isolated than the others; they were present in average 
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amounts of 13.71, 4.48, 2.31 and 114.20 ug./100 gm. tissue 

respectively, in the medium during the first period of in

cubation of the different placentae. 

c) The addition of the trophic hormones, chorionic gona-

dotrophin, adrenocorticotrophin and prolactin to the incuba

tion medium of placental tissue did not alter the concentra

tions of any of the steroids which were subsequently measured. 

These trophic hormones, therefore, did not appear to stimulate 

the production of progesterone or of corticosteroids during the 

incubations. 

d) The quantity of all steroids isolated from the incuba-

tion media decreased with time of incubation. This decline was 

marked in the case of the predominant corticosteroid, cortisone, 

but placental tissue continued to yield progesterone into the 

medium at a more constant rate. This steady secretion of pro

gesterone into the medium was not, however, necessarily due to 

'in vitro• production as one experiment with NaOH hydrolysed 

tissue showed that even after prolonged incubation approxima

tely 50% of the total progesterone content of the placenta was 

still retained within the tissue. 

e) The total quantity of progesterone was not increased 

during incubation above the amount which could be obtained sim

ply by extraction of tissue wi~hout any incubation. In the 

incubation system used, therefore, progesterone was not produ

ced from any precursors present in the placentae at time of 

caesarian section. When, however, known pr•.eursors of proges-
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terone, cholesterol andl!:,5-pregnene-J,B -ol-20-one were added 

to the incubations the progesterone content was increased above 

control levels. These increases corresponded to an 'in vitro• 

production or progesterone at the rate of Jl.JJ and 357.99 ug. 

/100 gm. tissu~/hr., respectively. 

f) The more polar steroids, cortisone and coapound Xl, 

were not increased in quantity during incubation above the 

amount which could be obtained simply by extraction of tissue 

without any incubation. Unlike progesterone, however, there 

was still no increase above control levels up0n the addition 

of cholesterol and À 5-pregnene-J ;B -ol-20-one to the incubation 

medium. This meane that there was no 'in vitro• production of 

cortisone or of compound I1 in any of the experimental condit

ions employed.While the concentration of compound X1 was un

changed during a J hour incubation period in comparison w~th 

the amount present in a non-incubated control sample of tissue 

that of cortisone actually decreased. This decrease of corti

sone as a result of incubation was, hewever, associated with 

the appearance of hydrocortisone in the incubatiGn medium in 

quantity inèreased above the amount obtained from the non

incubated control sample of tissue. Some cortisone present in 

the placenta at the ~ime of caesarian section was apparently 

converted to hydrocortisone during the J hour incubations. The 

extent of this conversion appeared to depend upon the initial 

concentration of cortisone since it was greater when the pla

centa! content of cortisone was larger. In one experiment there 

appeared also to be a metabolism of cortisone to more polar 



96 

alpha-ketolic steroids. 

g) The conversion of cortisone to hydrocortisone in-

volves reduction of the carbon 11-ketone to t hej3-hydroxyl 

group. This is a reversibie reaction which according to the 

Law of Mass Action would go either way depending upon the re

lative concentractions of the 2 steroids. Upon the addition. of 

relatively large quantities of hydrocortisone to incubations of 

2 placentae a significant conversion of this steroid to corti

sone was observed. If the placentae is not producing corti

costeroids 'in vivo' the presence of larger quantities of cor

tisone than of hydrocortisone in the placenta could be due to 

a similar conversion of hydrocortisone, lohich is the predomin

ant 17-hydroxycorticosteroid in the maternal circulation in 

late pregnancy, to c ortisone, 'in vivo'. 
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B. The Urinar_y Excretion of Co_!"ticoster<;>i~~--~d of ~-aj>o~:t-t.~~~ 
Gf Progesterone in Pregnant anêf_P2~-Pregn~omen 

Results obtained for various endocrine assays carried 

out on normal pregnant and non-pregnant subjects, on tw~ tot

ally adrenalect@mized pregnant women receiving corticosteroid 

replacement therapy and on a similar but non-pregnant patient 

are reperted. These assays include the determination of aldos

terone, total 17-hydroxycorticosteroi~ ,pregnanediol and preg-

nanetriol. The corticosteroid excretion patterns in these 

patients were investigated and the excretion of the major free 

corticosteroids, hydrocortisone and cortisone, and of their 

ring A reduced metab~lites was also determined. 

1. Normal subjects 

The creatinine value on the urine collection of sub-

ject M.E. was 1.0 gm. indicating a proper 24 hour sample. The 

two ether normal subjects H.B. and L.C. worked in the labora

tory and their urine collections are considered to b e reliable. 

The range of values for total 17-hydroxycorticoster

oid · excretion as estimated by Porter-S il ber method is from 

2.0 to 5.5 mgm./day in normal women and from 2.0 to 8.6 mgm. 

/day in normal men according to routine determinations in the 

Endocrine laboratory {Table X). 

/24 hours. 

·' M.E. excreted 3.7 mgm. 

The urinary corticosteroid pattern of M.E. is shown 

in fig. 2. The concentr :a tion of steroid applied was 0.8 hrs. 

urine per cm. width of paper strip. The pattern of the mcst 

polar (Group I) steroids showed the presence of alpha-ketolic 



TABLE X 

INFORMATION ON URINE SAMPLES STUDIED 

Total 17-0HCS excretion 
Creatinine *Porter-Silber test 

Month of Urine excretion 
Subject pregnancy vol. (ml) gm./total vol. mgm./total vol. mgm/gm. creatinine 

M.E. - 1080 1.00 3.70 3.70 
E.W. 8 1.00 5.10 5.10 

** Case H.M. 9 2225 1.07 

** Case A.o. 6 3050 1.22 2.50 2.05 

" " 8 2340 0.70 1.50 2.04 

" " 9 2100 0.68 1.50 2.20 

" n 4 days 1160 1.04 o.oo o.oo 
post-partum 

Case S.K. - 9.20 

* Normal range of PS values is for females from 2.0 to 5.5 mgm./day. ** Urine specimens received in a frozen state. 

\() 
œ 
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Urinary corticosteroid pattern of pregnant and non
pregnant women. 

A1iquot of urinary extract app1ied (no. / hrs/cm. width 
of paper strip) : M.E. (0.8 hrs/cm) ~ E.W. (0.8 hrs/cm), 
Case A.O. 6th mo.preg. (1.96 hrs/cmJ and 8th mo.preg. 
(1.12 hrs)cm), Case H.M. (1.6 hrs/cm., and Case S.K. 
(0.8 hrs/cm). 



100 

steroid material in the region of tetrahydrocortisone 

( THF) and of much smaller amount s of hydrocortisone. The 

major peak of blue tetrazolium positive steroid was at the 

region of tetrahydrocortisone (THE). A UV light absorbing 

. steroid with no alpha-ketol group, designated as Xa, and 

slightly less polar than hydrocortisone, was also present. 

The pattern of the medium polar (Group II) Gf steroids sh~wed 

the presence of small amountsof alpha-ketolic steroid mater

ial at the region of cortisone which was associated with 

larger quantities of UV light absorbing compGund of similar 

p•larity. Blue tetrazolium reactive steroid was also seen 

which was slightly less polar than cortisone, designated as 

Xb. The pattern of the least polar steroids ( Qroup III) 

showed the presence of traces of alpha-ketolic stereid mat

erial in the region designated as Xc associated with larger 

amounts of UV light absorbing co~pound. There were also 

peaks of UV light absorbing material, but with no alpha-ketol 

group, in the areas designated as Xd and Xe• This pattern of 

M. E. was virtually identical to those obtained in another 

normal female, L.C. and normal male H.B. which have been prev

iously reported except that the male subject excreted somewhat 

greater amounts of compound Xb• Previous studies have shown 

that compound THB (t'etrahydrocorticosterone) is the predominant 

metabolite in the zone of Xb (277). 

Compounds THF, THE, F andE were excreted at the rate 

of 0.75, 1.96, 0.16 and 0.17 mgm./day, respectively, in the 

urine of M.E, (Table XI). The excretion of compounds THF plus 



Subject 

M.E. 

L.c. 
H.B. 

E.W. 

Case H.M. 

Case A.O. 
" " " 

..... 

TABLE XI 

.;;.U,;;.;.RI=N=A=R=Y......:E=X=C_;.;R=E=TI=O=N:.._..;:;,.O=--F..,;;~ PRA -IŒ TOLIC S_T_ERO IJ!S WITif _ç_I~JiQ~IA_T_O_G ~A I:li I_C 

MOBILITY OF COMPOUNDS THF, THE, ~'F: A.NP.__!BY..J:RJA~_!NT AN)~ 

NON-PREGNANT INDIVIDUALS --A 

mgm. steroid excret ed/gm. creatinine 

(THF (F THF+THE 
Mon th + • Condition preg. THF THE THE) F E E) F + E 

ne>rmal fem. - 0.75 1.96 { 2. 71) 0.16 0.17 (0 .33) S. l o 

" " - (1.60) 0.05 0.08 (0.13) 12.30 

·" male - (2.20) 0.10 0.16 (0.26) 8.50 

" preg. 8 0.42 1.99 (2.41) 0.19 0.40 {0.59) 4.08 

preg.(adrena1-
ectomized) 

9 0.68 0.59 (1.27) 0.36 0.27 {0.63) 2.02 

preg. { adrenal- 6 0.12 0.39 (0.51) 0.09 0.79 (O. S8) 0.58 
.ectomized) g 0.03 0.25 (0.28) 0.07 0.39 (0.46) 0.61 

9 0.11 0.46 (O. 57) 0.16 0.65 (O.S2) 0.70 
4 days 0.05 0.14 (0.19) 0.07 0.28 {0.35) 0.70 
pest-partum 

1-' 
0 
1-' 
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THE in subjects L.c. and H.B. was 1.60 and 2.20 mgm./day, 

respectively. Compound F was present in amount of 0.05 and 

0.10 mgm. and compound E in quantity of 0.08 and 0.16 mgm. 

/24 hours in the urines of L.C. and H.B., ~spectively. The 

ratio of the amounts of compounds THF plus THE excreted to 

those of compounds F plus E were 8.10, 12.30 and 8.50 in sub

jects M.E., L.C. and H.B. Thus, in these normal individuals 

the free biologically active sterids, hydrocortisone and cor

tisone, were excreted in amounts from 1/Sth to ljl2th of those 

of their reduced metabolites, compounds THF and THE. 

The range of aldosterone excretion in normal female 

subjects is from 2 to 7 ug./day, (Table XII). 

2. Normal pregnant. subj_ect. 

One urine specimen from a normal woman, E.W. in the 

-8th month of her first pregnancy had a urinary creatinine 

value of 1.0 gm./ day and a total 17-hydroxycorticosteroid 

excretion of 5.10 mgm/24. hours. This was in the higher range 

of normal (Table X). 

The urinary corticosteroid pattern of E.W. is shown 

in figure 2. The concentration of steroid applied, 0.8 hrs. 

urine/cm. width of strip, is the same as for the pattern of 

the normal subject. The pattern of the most polar {Group I) 

steroids showed the presence of alpha-ketolic steroid mater

ial in the region of compound THF and of smaller arnount s in 

the area of hydrocortisone. The major peak of blue tetra

zolium positive steroid was at the region of compound THE; 

the UV light absorbing material, compound Xa, waa also present. 
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The pattern of the medium polar (Group II) of steroids 

showed the presence of alpha-ketolic compound jn the region 

of cortisone; the amount was greater than that observed in 

patterns of normal non-pregnant subjects. There was also a 

definite zone of BT reactive materia.l slightly less polar 

than cortisone which in previous studies was shown to consist 

partly of compound THB. The pattern of the least polar 

(Group III) of steroids indicates the presence of an alpha

ketolic compound in the area of Xd Which was associated with 

a UV light absorbing material. The least polar UV light ab

sorbing compound, Xe, appeared to be absent from the pattern; 

it may have come off in the overflow of the chromatogram. 

Compounds THF, THE, F and E were present in the 

urine sample of E.W. in amounts of 0.42, 1.99, 0.19 and 0.40 

mgm./24 hours, (Table XI). The ratio of the quantity of the 

reduced metabolites to th at of the 2 free c ortico steroids was 

4.08. This was below the range from 8.10 to 12.30 observed 

in the normal subjects and indicates that this pregnant in

dividual was excreting relatively more of the biologicB~ly 

active steroids, hydrocortisone and, especially, cortisone, 

than were the non-pregnant normal subjects. 

The aldosterone excretion in case E.W. was 50.88 

ug. day in the 6th month of gestation. The range for aldos

terone excretion in normal pregnancy is from 12 to 65 ug./24 

hrs. according to many determinations in the Endocrine lab

oratory of the University Clinic, (Table XII). 



TAB"LE XII 

URINARY EXCRETION OF .NA:-.RETAINING HOJ!MO,N.~~-I1'J.~ , P.Rp;QN~A.~ 

(NORMAL AND _ADRENALECTOMI~) 

AND NON-PREGNANT INDIVIDUALS 

ug. aldosterone/24 hours. 

Subject(s) 
Single 

det ermin at ion Range 

Normal, non-pregnant 2 - 7 
· n , pregnant (Jrd - 9th mo.) 12 - 65 

Case S.K., non-pregnant (adrenalect.) 1.0 

* Case H.M, pregnant ( adrenalect.), -9th mo. 13.0 

* Case A.o, tt " 6th mo. 1.0 

" 8th mo. 1.5 

" 9th mo. 1.5 

" 4 days post-partum 1.0 
'----- ----- -- ~--------------------- ---- --- ---- ----- ---- --- -----

* Values expressed as ug./gm. creatinine excreted. 

1-' 
0 
~ 
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A urine specimen of E.W. collected in the 7th 

month of pregnancy showed values of pregnanediol and preg

nanetriol amounting to 51.30 and 12.30 mgm./day, respectively, 

(Table XIII). These are within the range for normal pregnancy 

( 100). 

3. Non-pregnant adrenalectomized patient. 

The corticosteroid excretion pattern of case s.K. 
wa.s studied following total adrenalectomy for Cushing' s dis

ease at a time when she was receiving 50 mgm. of cortisone 

therapy/day. The total 17-hydroxycorticosteroid content of 

the urine specimen investigated, 9.10 mgm. per day, was slightly 

above the range for normal subjects. The aldosterone excretion 

was less than 1.0 ug./day. 

The urinary corticosteroid pattern of case s.K. is 

shown in figure 2; the concentration of stereid applied, o.à 
hrs. urine/cm. paper strip was the same as the one used for 

the normal pattern. The pattern of the most polar steroids 

(Group I) showed the presence of compound THF and of a small 

amount of hydrocortisone. Compound THE was the predominant 

alpha-ketolic steroid. There was no detectable amount of the 

UV light absorbing compound Xa• The pattern of the medium 

polar steroids (Group II) showed an amount of cortisone greater 

than the quantity observed in patterns of normal non-pregnant 

subjects. Compound Xb (THB) was .J absent from the pattern but 

the UV light absorbing material characteristically present in 

the area of Xb was seen. The pattern of the least polar steroids 

(Group III) failed to show any definite areas of either alpha-

ketolic or UV light absorbirig compounds. There appeared, how-



Subject 

E.W. 

Case H.M. 

Case A.o. 

" 
" 
" 

TABLE XIII 

URINARY EXCRETION OF PREGNANEDIOL AND PREGNANETRIOL , __ ,. ________ _..... ____ 

IN PREGNANT (NORMAL AND ADRENALECTŒ~IZED) WOMEN 

mgm. excreted/gm. creatinine 
Mon th 

Condition preg. pregnanediol pre inanetriol 

pregnant, normal 7 51.30 12.30 

pregnant, adrenalectomized 9 35.40 3.54 

" " 6 21.30 1.00 

" " 8 66.75 9.45 

" " 9 66.20 1.93 

4 days post-partum 2.78 o.oo 
-- -

....... 
0 
0' 
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ever, to be traces of BT reactive steroid in the region of 

Xc associated with similarly small amount s of UV light absorb

ing material. 

4. Pregnant adrenalectomized patients. 

The urinary excretion of corticosteroids and of 

metabolites of progesterone was studied in two pregnant '\'iomen 

who were previously totally adrenalectomized for Cushing's 

disease. 

The four urine specimens obtained from one patient, 

case A.o., were collected in the 6th, àth and 9th month of 

gestation and 4 days postpartum. On each occasion She received 

as maintenance therapy 37.5 mgm. cortisone per day in divided 

doses, the last dose being given at 10:00 p.m. on the day prior 

to the urine collection. Ont he day of collection ste was given 

0.75 mgm. of 9-cl.-fluorohydrocortisone in 3 divided doses. A 

24 hour urine specimen was obtained from the ether patient, 

case H .M., in the 9th month of pregnancy \'lhen she was receiving 

as maintenance therapy 40 mgm. hydrocortisone, 0.25 mgm. 9-ot

.fluorohydrocortisone and a daily intake o.f 3 gm. of salt. 

The total urine volumes received from case A.o. were 

3050, 2340, 2100 and 1160 ml. with the corresponding creatinine 

content being 1.22, 0.70, 0.68 and 1.04 gm., respective1y. 

This variation in creatinine levels in supposedly 24 hour sam

ples suggests an improper collection of urine. !l'or this reason 

all quantitative studies on case A.O. are expressed in terms 

of amount of steroid excret.ed/gm. of creatinine for the purpose 

of comparison w:lt h results obtained from other individuals. 
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Determinations carried out on the urine of case H.M. are _also 

expressed as amount of steroid excreted/gm. of creatinine al

though the creatinine excretion per total volume of urine 

received, 1.07 gm., was normal. 

The total 17-hydroxycorticosteroid excretion/gm. of 

creatinine in case A.O. was 2.05, 2.04, 2.20 and o.oo mgm. in 
• 

samples of the 6th, 8th, and 9th months of pregnancy and 4 days 

- after delivery, (Table X). 

The urinary corticosteroid pattern of case A.O. in 

the 6th and 8th months of pregnancy is shown in figure 2; the 

patterns of the 9th month and 4 days postpartum specimens are 

not shown but were virtually identical to the other two. The 

concentrations applied per cm. width of paper strip were 1.96 

and 1.12 hrs. urine excreted for the 6th and 8th month patterns, 

respectively. 

The pattern of .the most polar steroids (Group !) 

shows the presence of traces of ~lpha-ketolic material in the 

region of compound THF in the urine of the 6th month of preg

na.ncy but none could be seen in th at of the 8th mon th; this 

was probably due to the lesser concentration of steroid applied 

in the latter pattern. Nevertheless, the amounts of compound 

THF were less than in any of the other patterns shown even 

though g rea ter co ncentrat i ons of steroid were s.pplied on the 

chromatograms. There were traces of BT reactive material in 

the zone of hydrocortisone in both patterns while the largest 

amount of alpha-ketolic steroid was in the region of compound 

THE in both cases. The UV light absorbing steroid Xa, slightly 
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less polar than hydrocortisone was obtained from both sam

ples of urine. 'l'he patterns of the medium polar (Group II) 

steroids showed a relatively large area of alpha-ketolic 

material in the cortisone zone, especially in the one of the 

6th month of pregnancy. The latter pattern also appeared to 

contain a small amount of BT reactive material in the region 

of Xb (compound THB) which was associated with a characteristi

cally present UV light absorbing compound. No similarly detect

able amounts of compound Xb could be detected in the pattern of 

the 8th month of pregnancy; this was probably due to the lesser 

concentration applied on the paper strips. The pattern of the 

least polar (Group III) of steroids indicated the presence of 

traces of BT positive compound in the region of Xd in the urine 

of the 6th month of pregnancy of case A.o.; the UV light absorb

ing compounds Xc, Xd, and Xe were seen in both. 

The steroid concentration applied on the chromatograms 

for case H.M. was 1.6 hrs. urine/cm. of paper strip, figure 2. 

The pattern of the _most polar group (I) of steroids showed the 

presence of alpha-ketolic steroid material in the area of corn-

pounds THF and THE; a relatively large amount o~ BT reactive 

compound was seen in the region of hydrocortisone and traces 

were associated with the UV light absorbing compound Xa• The 

pattern of the medium polar group of steroids showed a consider

able excretion of cortisone; there was a surprisingly large 

quantity of alpha-ketolic steroid in the zone of Xb but only a 

small amount in the area of X • Both of the latter zones c 
contained the UV light absorbing compounds usually found in 
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normal urines. The pattern of the least polar steroids 

(Group III) showed, also, relatively largeamounts of BT pos

itive material in the regions of Xd and Xe; these were associa

ted wi th the UV light absorbing compounds of similar polarity • 

The single urine specimen of case H.l'-'1. had a content 

of compo~nds THF, THE, F and E amounting to 0.68, 0.59, 0.36 and 

·0.27 mgm./gm. creatinine, respectively, (Table XI). In case A.O., 

compounds THF, THE, F andE were excreted at the rate o·f 0.12, 

0.39, 0.09 and 0.79 mgm./gm. creatinine, respectively, in the 

6th month of pregnancy; at the rate of 0.03, 0.25, 0.07 and 

0.39 mgm./gm.creatinine, respectively, in the àth month of preg

nancy and at the rate of 0.11, 0.46, 0.16 and 0.6-5 mgm/gm. creat

inine, respectively, in the 9th month of gestation. Four d5ys 

after delivery compounds THF, THE, F and E were excreted at the 

rate of 0.05, 0.14, 0.07 and 0.28 mgm./gm. of creatinine, res

pectively. 

It would perhaps be more correct not to refer t o the . 
above determinations of alpha-ketolic steroids as estimations 

solely of compounds THF, THE, and F and, especially, of compound 

E. Gharacterization studies by H2S04 chrom.ogan spectra estâblish

ed the BT reactive steroid in the zone of compound THF in the 

6th month pattern of case A.O. to be compound THF. , The H2so4 
chromogen spectra of the alpha•ketolic material with polarïty 

of c cm pound THE in each of the patterns was a lso similar to that 

of standard THE. Material from the cortisone zone observed in 

the pattern of the 6th month of pregnancy separated into 3 spots 

upon reapplication in the chloroform-formamide system; one 
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spot continued to have · the same mobility as authentic corti

sone and had a similar H2so4 chromogen spectrum, a second 

compound was more polar and a third one less polar than stan

dard cortisone. A similar observation was made with steroid 

obtained from the cortisone region of the pattern of the 9th 

month of pregnancy. It must be kept in mind that 9-ol-fluoro

hydrocortisone was administered to both of the adrenalectomized 

pregnant patients and it is reasonable to assume that this 

steroid and its metabolite(s) were components of one or more 

of the BT redUcing zones eluted from the paper chromatograms. 

The free compound is however much faster moving than cortisone 

in the toluene-propylene system; its runs off the chromato

gram in 3 days while cortisone remains at the upper half of 

the paper. According to Dorfman (277) the fluorinated deriva

tive of hydrocortisone is metabolized to 17o(, 21-dihydroxy-

9-o(-fluoropregnane-3, 11, 20-trione and sorne is recovered un

changed. Although the free compound would not have contribu

ted to the measurement of any of the compounds THF, THE, For 

E the metabolite(s) may have. This contribution would be un

important in the case of the patient H.M. who received 40 mgm. 

of hydrocortisone at the same time as 0.25 mgm. of the fluorin

ated compound on the day of urine collection. The patient A.O. 

however, received 0.75 mgm. of 9-~-fluorohydrocortisone and 

a final dose of cortisone only at 10:00 p.m. prior to each of 

the days of urine collection. The amount excreted of the for

mer compound and its metabolite(.s) would presumably comprise 

a larger proportion of the total quantity of alpha-ke~olic 

steroids appearing in the urine of case A.o. 
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With the a bove reservations in mind, the ratio 

of the amount of c ompounds THF plus THE excreted to t hat of 

compounds F plus E was 2.02 in the case of the patient H.M. 

This ratio was lewer for all the séiiDlple s ~f urine of the 

other, similar, patient.A.O., being 0.58, 0.61, 0.70 and 0.70 

for the specimens obtained in the 6th, 8th and 9th months of 

pregnancy and 4 daye after delivery, respectively. The vari

ance between 'the 2 patients is most probably due to the differ

ent therapy administered. In every case, however, this ratio 

was well below the range from 8.10 to 12.30 observed in normal 

subjects. 

Characterization studies were carried out on the 

alpha-ketolic steroids which were faster moving than corti

sone on the toluene-propylene glycol chromatograms of case 

H.M., Table XIV. These were in the zones designated as Xb, 

Xc, Id, and Xe; all were reapplied in the chloroform

formamide system. In this system Xb separated into 2 spets 

and thelr amount wae 0.20 and 0.22 mgm/gm. creatinine excre

ted. The ~ormer steroid had maxima at 295, 360 and 500 mu 

in c one. ~2so4 • The other spot when further rechromatograph

ed in the benzene-formamide system separated in turn into 3 

distinct spot s . One steroid had maxima at 310, 410 mu in 

conc. H2so
4

; its chromatographie mobility and H2so4 chromo

gan spectrum suggest that this steroid was compound THB. The 

other two steroids showed maxima of UV light absorption at 

335 a nd 450 mu and at 305, 400 and 440 mu in conc. HzS04• 

Compound Xc also separated into 2 distinct sp~ts following 
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TABLE XIV 

CHARACTERIZATION STUpiES ON_bES_$_J:Q:f:AR STEROIDS EXCRETED 

BY A PREGNANT ADRENALECT01JliZED PATIENT* 

Amount 
Compound ( s) excreted 

Zone iso1ated ·after mgm./gm. H2SO~ e1uted from reapplic'n, creatinine chromog n spectra 
T-PG chrom. CHC13:-Form BT maxima (mu) 

Xb Xbi 0.20 295, 360, 500 
n II 0.22 Separates into 3 

spots in Benzene-
For m. 
( 1) 310, 410 ( THB?) 
(ii) 335, 450 
(iii)305, 400, 440 

Xc Xci 0.09 
II 0.02 

Xd : X di 0.16 300, 365-370, 420 
&. 470 

II 0.23 

Xe Xe 0.22 Separates into 2 
spots in Benzene-
Form. 
(·i) 295, 360, 420 
{ii) 320, 345, 420 

* Case H.M., in 9th mo. of pregnancy, totally adrenalectomized 
and receiving 0.25 mgm. 9-~-fluorohydrocortisone plus 40 
mgm. hydrocortisone per 24 hours. 
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rechromatography in the chloroform-form~mide system. These 

were excreted at the rate of 0.09 and 0.02 mgm/gm. creatinine, 

by BT estimation. Compound Xd simularly separated int~ 2 

components, Xdi and Xdll' which were excreted at the r&te of 

0.16 and 0.23 mgm./gm. creatin:iine; Xcti showed maxima Qf UV 

light absorption at 300, 365, 370, 420 and 470 mu in conc. 

H2so4 • Compound Xe remained a single entity in the chlore

form-formamide system and was present in the urine in amount 

of 0.22 mgm./gm. creatinine. Upon rechromatography in the 

benzene-formamide system, however, it separated intg 2 spots; 

~ne showed maxima at 295, 360 and 420 mu in conc. HzS04 , the 

other spot, at 320, 345 and 420 mu. These studies showed that 

each of the zones designated as Xb, Xc, Id and Xe in the cor

ticosteroid excretion pattern of case H.M. were certainly nQt 

homogeneous. 

The aldosterone content in all the samples of urine 

obtained from case A.o. was less than 1.5 ug./gm of creatinine 

excreted, Table XII. This indioated that there was little or 

no aldosterone produced in the 6th, 8th and 9th months of 

pregnancy and 4 days postpartum. In the single specimen ob-

tained from case H.M., he~;ever, t.he aldosterone determination 

was 13.0 ug./gm. of creatinine, slightly belew the range ob

served in normal pregnant women. 

In the 9th month of pregnancy case H.M. excreted 

35.40 and 3.54 mgm./gm of creatinine of pregnanediol and 

pregnanetriol, respectively. The other tmtally adrenalecto

mized pregnant patient, case A.o., ~xcreted 21.31, 66.75 and 

66.20 mgm./gm creatinine of pregnanediol in the 6th, 8th and 
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9th months of her pregnancy and rouch less, 2. 78 mgm., 4 days 

after de1ivery. The pregnanetriol excretion was 1.00, 9.45 

and 1.93 mgm./gm. creatinine in the 6th, :àth and 9th months 

of gestation and decreased to 0.00 mgm. 4 days postpartum, 

(Table XIII). 

5. Summary:. 

(a} Two totally adrenalectomized patients receiving 

corticosteroid replacement therapy and one normal woman were 

studied in the last trimester of gestation. Each case ·showed 

tota.l urinary 17-hydroxycorticosteroid levels within the· range 

for normal non-pregnant women. 

(b) The pattern of urinary corticosteroids with respect to 

both theA 4-3-ketonic and alpha-ketolic stero:id components was 

in the normal pregnant subject qualitatively similar to those 

obtained for non-pregnant normals. The adrenalectomized 

women also showed corticosteroid excretion patterns which with 

respect to the c21 o5 alpha-ketolic steroids were qualitativ

ely similar to those observed for nQrm&l subjects. It would 

be reasonable to assume tha t the steroids present in the urine 

of these patients were derived from the hormone therapy admin

istered. One case, ho~rever, e.ls o excreted rel a ti v ely large 

amounts of less polar alpha-ketolic steroids in the 9th month 

of pregnancy. The latter compounds may have been derived from 

regenerated adrenal tissue since they did not appear in corn-

parable quantities in the urine of other simi1ar1y treated 

adrenalectomized patients. 

(c} Three normal subjects excreted quantities of corti-

sone plus hydrocortisone which ranged from ljàth to ljl2th of 

those of compounds THF plus THE while a normal pregnant woman 
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excreted relatively more of these free steroids, the amount 

being l/4th of thosa of the reduced metabolites. Even greater 

proportions of the free 17-hydroxycorticosteroids relative to 

those of their ring A reduced derivatives appeared in the ur-

ine of the adrenalectomized patients; this further change from 

the normal non-pregnancy pattern, however, may have not be en 

due entire(-y to the condition of pregnancy but in part to the 

character of steroid therapy administered. The studies tended 

to suggest that a reduced rate of reduction of the ô 4-3-ketone 

grouping in ring A of 17-hydroxycorticosteroids occurs during 

pregnancy. One of the adrenalectomized women continued to show 

a similar pattern of corticosteroid metabolism 4 days after de

livery. 

(d) There appeared to be no extra-adrenal source of aldost

erone in one adrenalectomized pregnant woman studied in the 6th, 

8th, and 9th months of gestation. Four days post-partum she con

tinued to excrete only less than 1.5 ug. of Na-retaining hormone 

per §TI. of creatinine. A similarly negligible quantity was ex

creted by a . non-pregnant adrenalectomized patient. But a determ

ination on another adrenalectomized woman in her 9th mont h of 

pregnancy showed the presence of 13 ug . of Na-re taini ng hormone 

per gm. of creatinine, in the urine. This value although well 

below the amount observed in normal pregnancy urine in the last 

trimester is still appreciable being more than the quantity ex

creted by non-pregnant normal individuals. This excretion of 

aldosterone as well as the urinary corticosteroid pattern in 

· this particular patient suggest the presence of regenerat ed ad

renal tissue. 
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(e) Pregnanediol determinations in the 2 adrenalecto-

nized pregnant patients were within the range observed for 

~ormal pregnancy. Ïhe sharp decrease in pregnanediol ex

cretion observed in one of these cases 4 days post-partum 

is also seen after termination of normal gestation. 

(f) There was considerable variation in the excretion 

of pregnane-~ 17~ 2~- triol in the latter patients during 

pregnancy. But the failure to detect this metabolite in the 

urine 4 days after delivery in one case suggests that it was, 

as well as the pregnanediol, derived from the progesterone 

which was produced during gestation. 
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PART II: EXPERIMENTAL WORK ON PREGNANCY IN THE RAT 

A. The Adrenal Secretion of Corticosteroids in Pregnant and 
Non-Pregnant Female Rats 

The rate of secretion of corticosteroids by adrenal 

glands of pregnant and non-pregnant female rats was investigated 

in order to determine whether a difference during pregnancy could 

be demonstrated. 

In vitro incubations of excised adrenal glands in 

Krebs-Ringer solution were first carried out and then an 'invivo' 

study was made involving collection of adrenal venous blood over 

a one hour period from pregnant and non-pregnant female rats 

under anaesthesia. The major drawback to both these experiments 

is their limited number. This was due to the difficulty of ob

taining pregnant and non-pregnant rats of similar age. 

1. Incubations o! adrenals glands. 

à. Total body and adrenal w~ights 9f rats. 

Adult female rats of similar age (approximately 4 

months) and weight were divided into 2 groups and one group 

was placed in the breeding cages. Incubations were carried out 

when a sufficient number of rats became pregnant and were in the 

last week of gestation, from 15th to 2lst day. Six groups of 

pregnant and non-pregnant rats were studied~ each group con

taining from 11 to 30 animals. The range of weight and the 

average weight for each group are shown in Table XV. The average 

weight for the non-pregnant groups varied from 174 to 249 gm. and 

that for the pregnant rats from 236 to 328 gm. The difference 
~ . ' 

in weight between the two groups was accounted for predominantly 

by the products of conception. 

The adrenal glands of these rats were excised and 

\ 



Rats 

Exp. type No. 

1 Non-preg 20 
2 " 30 
3 " 25 
4 " 11 
5 " 20 
6 " 22 

Mean ± S.E. 

1 Preg. 26 
2 " 26 
3 " 25 
4 " 11 
5 " 19 
6 " 23 

Mean i: S.E. 
- -

. TABLE XV 

BODY AND ADRENAL WEIGHTS ~J!.J'~~9:~.N'J.7: A\ND 

NON-PREGNANT Fm~E RATS 

~otal body weight (gm) Adrenal weight (mgm.) 

range a ver. ave r • pe r a dr. aver./100 gm. body wt. 

193-309 246 31.7 25.8 
192-288 243 30.8 25.3 
214-281 242 22.5 18.6 
194-314 249 24.7 19.8 
165-190 174 22.6 26.0 
157-280 185 25.0 27.0 

26. 2 -:F 1. 64 24.0 .:t 1.40 

264-404 328 29.8 18.2 
214-357 276 30.9 22.4 
214-365 294 22.7 15.4 
228-337 285 . 25.0 17.5 
186-300 236 23.9 20.2 
190-350 254 22.0 17.4 

25.7 ±- 1.54 18.o -~ 1.oo 

: 

.,_, 
l-' 
'-() 
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weighed. The average weight of the adrena1 glands in each 

group of the non-pregnant varied from 22.6 to 31.7 mgm. per 

adrenal; the mean value of all the groups was 26.2 mgm. The 

valu~found in the groups of pregnant rats ranged from 22.0 to 

30.9 and the mean weight was 25.7 mgm. These findings indicate 
. 

that there is no significant difference between the weight of 

the adrenal glands in the pregnant and non-pregnant rats. 

· When these values are ·expressed 1n terms of body 

weight, the non-pregnant rats showed adrenal weights of 24.0 

mgm./100 gm. body weight and the pregnant rats 18.0 mgm./100 gm. 

This difference was statistically significant and indicates that 

the rapid gain in weight in pregnancy, particularly during the 

last week of gestation is not accompanied by a corresponding gain 

in adrenal weight. 

Male rats of the same colony have average adrenal 

weights of 12 mgm; a value approximately one-half of that ob

served in female rats. 

b· In Vitro Secretion of Corticosterone and Aldosterone by 
Adrenal Glands from Pregnant and Hon-Pregnant Fgmale Rats 

(i) Corticosterone 

Although it was not possible to demonstrate any sig

nificant difference between the weights of the adrenals from 

pregnant and non-pregnant rats, the secretion of corticosteroids 

under 'in vitro' conditions was investigated. 

Six groups of pregnant and non-pregnant rats were 

adrenalectomized. The number of rats used in each experiment 

is shown in Table xv. In 4 experiments ether anaesthesia was 

used and in two, nembutal. It has been reported (284) that 

induction of anaesthesia by ether stimulates the relèase of 



Incubation 
period (hrs) 

Expt. Anaesth. 

1 Ether 
2 " 3 " 4 " 

Mean j S.E. 

5 Nembut-
al. 

6 " 
Mean -± S.E. 

TABLE XVI 

IN VITRO SECRETION OF GORTICOSTERONE BY INCUBATED 
-.-.;.-'-..-;;..;o,;;._.,;;;;...;a.;._........::;..;..-:;....;....,;~...;...;;;..;;~;.......,;;...;....;;;....~=.....:.~-~----

0-1 

N 

34.g0 
4l.g0 
38.93 
28.$4 

36.o9t2.go 

1g.64 
14.92 

16.78*1.86 

ADRENAL GLANDS OF -PREGNANT ( P) AND 

NON-PREGNANT (N) FEMALE RATS 

ug. corticosterone secreted/gm. tissue/hr. 

1-3 3-5 
p N p N 

47.90 - .. -32.$0 16.03 11.9$ 7.60 
34.20 8.05 9.10 4.7S 
43.02 17.62 15.54 3.53 

39.48iJ .60 13.90±3.00 12.2lt1.86 5. 30±J:. 20 

14.01 l0.$0 6.69 7.56 
6.36 15.79 5.55 6.14 

10.19±3.$2 13.29±2.50 6.12±0.76 6.$5:t1.00 

p 

,.... 

5.00 
3.10 
2.16 

).42±0.$4 

3.47 
3.59 

... 3.53-0.70 

l-' 
N 
l-' 
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of adrenocorticotropin. The present studies appeared to 

show this effect since the secretion of corticosterone was 

considerably higher in the first period of incubation, from 

· 0 to 1 hour, than it was in the two succeeding periods, from 

1 to 3 and from 3 to 5 hours. The results are Shown in Table 

XVI. ln 4 groups of rats the adrenals of the non-pregnant 

animals secreted an average of 36.o9i2.80 ug. corticosterone 

/gm. tissue/hr. while those of the pregnant animals secreted 

39.48r3.60 ug. In the 2nd and 3rd periods of incubation there 

was a rapid decrease in the secretion rate of corticosterone 

in both groups; for non-pregnant rats it decreased to an aver

age of 13.90±3.00 and 5.30±1.20 ug./gm./hr. while for preg-
. -t-: 

nant rats it was an average of 12.21t1.86 and 3.42-0.84 ug./ 

gm./hr. 

When nembutal \ms used as the anaesthetic in 2 

groups each of non-pregnant and pregnant rats for the removal 

of the adrenals, the average secretion rate for corticosterope 

in the initial period was 16.78!1.86 and 10.19~3.82 ug./gm./ 

hr., respectively. Adrenal glands of pregnant rats therefore 

secreted 39.3% less corticosterone than those of non-pregnant 

animale. In both groups, however, the secretion of corticos

tèrone in the first period of incubation was considerably lower 

than that observed for ether. In the 2 succeeding periode, the 

secretion rates of c orticostProne were more similar to those 

observed under ether anaesthesia. :in periods 2 and 3 the 

adrenals of the non-pregnant rats secreted 13.29t2.50 and 

6.85!"1.00 ug./gm./hr. l'lhile those of the pregnant rats secreted. 
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6.12t0.76 and 3.5J±0.70 ug. Adrenal glands ofpregnant rats, 

therefore, secreted 54.0 and 48.5% less corticosterone/gm./hr. 

than those of non-pregnant animals in the 2nd and 3rd periods 

of incubation. 

When one compares the total average output of cor~ 

ticosterone during the 5 hour period of incubation (Table XIX) 

it was found that the adrenals of the non-pregnant and preg

nant rats secreted ·74.49 and 70.74 ug./gm., respectiv~ly, when 

ether was used as anaesthetic. \:Hth nembutal the value for 

adrenals of non-pregnant rats was 57.06 ug./gm. and that for 

adrenals of the pregnant group was 29.69 ug./gm. Thus when ether 

was used for removal of the adrenals there was no significant 

difference, 5·•03%, between the average total output of corti

costerone of the two groups. vfuen nembutal was used, however, 

the adrenals of the pregnant animals appeared to secrete con

siderably less corticosterone, by 48.32%, than those from the 

non-pregnant rats over a 5 hour period. It was realized that a 

larger series of animals should be studied with nembutal be,fore 

any conclusions could be drawn regarding different rates of 

secretion of corticosterone in adrenals from non-pregnant and 

pregnant rats; there was, however, a tendency for the secretion 

rates of corticosterone to decrea.se more r a pidly with time in 

the adrenals of the pregnant rats, 

(ii) Aldosterone. 

The adrenal secretion rates of aldosterone were 

measured in the same groups of rats. The results are shown 



Incubation 
period (hrs.) 

Expt. Anaesth. 

l Ether 
2 " 
3 " 4 " 

Mean 1:" S.E. 

5 Nembutal 
6 " 

Mean t S.E. 
--

TABLE XVII 

IN VITRO SECRETION OF ALDOST.r.;R UNE BY INCUBATED ADRENAL 

GLANDS OF PREGNANT (P) AND NON-PREGNANT (N) 

FEMALE RitTS 

ug. aldosterone secreted/gm.tissue/hr. 

0-l l-3 3-5 

N p N p N 

1.92 3.48 
2.44 6.07 2.85 3.24 2.85 
3.40 2.99 1.86 1.86 1.86 
2.72 2.95 1.73 1.69 0.72 

2.62'±0.31 3.87j;0.74 2.15:t0.35 2.2610.49 1.81±0.61 

4.99 5.79 4.05 6.00 4.05 
4.12 5.92 6.50 9.30 5.85 

4.56±o.44 5.86.±o.10 5.28iJ..22 7.65!1.65 ~ 4.95-0.90 
---- -

p 

3.31 
1.86 
o.69 

1.95±0.75 

5.25 
7.20 

6.23:tU.97 
J 

1 

1--' 
N 
~ 
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in Table XVII. 

~Vhen ether anaesthesia was used, the average secre

tion rates of aldosterone in the adrenals of the non-pregnant 

rats were 2.6ztO.Jl, 2.15io.35 and 1.81±0.61 ug./gm. tissue 

/hr. in the 3 succeeding incubation periods. Those for the 

pregnant rats were 3.87t0.74, 2.26±o.49 and 1.95±0.75 ug./gm. 

/hr. The average rate of secretion of aldosterone by adrenal 

glands of pregnant rats was 47.6% greater than that of adrenal 

tissue from non-pregnant rats in the lst period of incubation 

but, thereafter, the differences b etween both groups were neg

ligible. The average total secretion of aldosterone for the 

5 hour period was 10.54 ug./gm. for the adrenals of the non

pregnant rats and 12.33 ug./gm for the pregnant rats, i.e. 

16.63% more, (Table XIX). 

When nembutal was used in the 2 groups of each of 

non-pregnant and pregnant rats for the adrenalectomy, the 

aldosterone secretion of the_ adrenals in both groups was higher 

and appeared to increase slightly with time in contrast to the 

previous experimenta using ether. This was most pronounced in 

experiment .c6·. ·The rates for each incubation period are shown 

in Table XVII. In these studies with nembutal the average 

secretion rate of aldosterone in the lst. period was 4.56T0.44 

and 5.86±0.10 ug./gm. tissue/hr. for adrenals of non-pregnant 

and pregnant groups, respectively. In the 2 succeeding periods 

of incubation the adrenals of non-pregnant rats secreted an 

average of 5.28t1.22 and 4.95t0.90 ug./gm./hr. while those of 

the pregnant rats secreted an average of 7.6511.65 and 6.23f0.97 

ug./gm./hr. The adrenal glands of pregnant rats,~herefore, 
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secreted average amounts of aldosterone which were increased 

by 28.5 1 44.9 and 25.8% above those secreted by glands of non

pregnant rats in the 3 succeeding periods of incubation. The 

average total secretion of aldosterone for the 5 hour period 

was 25.02 ug./gm. for the adrenals of the non-pregnant rats and 

33.62 ug./gm. for the pregnant rats, i.e. 34.37% greater, 

(Table XIX). 

(iii) Ratio of Corticosterone to Aldosterone Secretion under 
in vitro conditions 

A comparison of the ratio of corticosterone to 

aldosterone secreted by 1ncubated adrenal glands of pregnant 

and non-pregnant rats is shown in Table XVIII. 

In the 3 succeeding incubation periods the ayerage 

ratios for the non-pregnant group were 13.03±2.051 6.71~1.78 and 

3.38±0.76 when ether was used as anaesthetic for adrenalectomy; 

the corresponding average ratios for pregnant rats were 10.47± 

2.70 1 5.93±1.70 and 2.10±0.52. W1th ether, therefore, the 

average rate of secretion of aldosterone relative to that of 

corticosterone by adrenal tissue of pregnant rats was only 

slightly greater than that observed with adrenal glands of nom-

pregnant rats. 

When nembutal was used for anaesthesia this difference 

between both groups was more_ pronounced. The average ratios of 

the quantity of corticosterone to aldosterone secreted in the 

lst, 2nd and 3rd periods were 3.68to.06, 2.55~0.12 and 1.4hr 

0.41, respectively in the non-pregnant group; the corresponding 

values for the pregnant rats were 1.75~0.68, 0.86t0.26 and 0.5~ 

0.08. 

Adrenal tissue of the two groups of rats showed a 



TABLE XVIII 

COMPARISON OF THE RATIO OF CORTICOSTERONE TO ALOOSTERONE SECRETED 

Incub. 
adr.tissue 
wt. (mgm.) 

Exp. N p 

2 924 793 
3 604 604 
4 284 290 

Ether :Meants.E. 
anaesthesia 

5 463 504 
6 578 522 

Nembu- :Meants.E. 
tal 
anaesthesia 

BY INCUBATED ADRENAL GLANDS OF PREGNANT (~l 

AND NON-PREGNANT (N} FEMALE RATS 

Secretion of corticostèrone (ug./gm./hr.) secretion Gf 
aldosterone (ug./gm./hr.} 

o-1 hr.incub.period 1-3 hr.incub.period 3-5 hr.incub.period 

N p N p N p 

17.10 5.40 5.61 3.70" 2.66 1.51 
11.40 11.40 4.33 4.89 2.57 1 •. 65 
10.60 14.60 10.20 9.20 4.90 3.14 

13 .oJ±2.05 10.47t2.70 6.7i±I.78 5.93tl.70 3.38±o.76 2.1o:to. 52 

3-74 2.42 2.67 1.12 1.87 0.66 
3.62 1.07 2.43 o.6o 1.05 0.50 

3.68±o.o6 1. 75±o.68 2. 55ZO.l2 o.86±o.26 1.46to.41 + o.58.;.o.os 

1 

1 

l-' 
N 
-._J 



Experiments 

TABLE XIX 

STEROID SECRETION DURING PROL9NG~D I~CUB~t~ON OF 

ADRENAL GLANDS OF PREGNANT AND NON-PREGNANT 

FEI~ALE RATS 

Tetal average secretion of steroids for 5 hour 
peri@d of incubation 
ug./gm. adrenal tissue 

Ald0sterone Cortico sterone 

No. Non-pregnant Pregnmt Non-pregnant Pregnant 

Ether anaesthesia 4 10.54 12.29 74.49 70.74 

Nembutal n 2 25.02 JJ.62 57.06 29.49 
--- --

1 
l-' 
l'V 
()). 
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greater secretion of aldosterone relative- to that of corticos

terone in each period of incubation when nembutal was used for 

anaesthesia rather than ether. Both pregnant and non-pregnant 

groups also showed a progressively greater secretion of 

aldosterone relative to that of corticosterone with increasing 

ttme of incubation; this effect was observed when either nembutal 

or ether were used for removal of the adrenals. 

c • Snmmar.l' 

(1) There was no significant difference between the average 

weights of adrenal glands obtained from pregnant and non-pregnant 

rats. The adrenal weights of the female rats were approximately 

double those observed in male rats of the same colony. 

(11) In 4 experiments when adrenals were removed under ether 

anaesthesia the average secretion of corticosterone in the lst 

period of incubation was considerably higher than in the 2 

succeeding periods in both pregnant and non-pregnant rats. The 

total average output of corticosterone during the 5 hour period 

of incubation per gm. adrenal tissue of pregnant and non-pregnant 

animals differed only by 5.03%. 

When nembutal was used as the anaesthetic in 2 experi

ments the secretion rate of corticosterone in the initial period 

was considerably lower than that observed for ether in both 

groups of rats. In the 2 succeeding periods the average 

secretion rates of corticosterone approximated those observed 

under ether. In each period of incubation this rate was less for 

adrenal tissue of pregnant rats than for that of non-pregnant 

ones.. The average total secretion of corticosterone for the 5 

hour period of incubation was 48.32% less per gram of tissue for 
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adrenals of pregnant rats than for those of non-pregnant animals. 

(iii) The secretion rates of aldosterone were measured in 

the same group of rats. When ether was used as anaesthetic the 

average secretion rate of aldosterone by adrenal tissue of preg

nant rats was 47.6% greater in the lst period of incubation 

but thereafter the difference between both groups of rats was 

negligible. The average total secretion of aldosterone for the 

5 hour period of incubation was 16.63% greater for the adrenals 

of the pregnant rats than for those of non-pregnant rats. 

When nembutal was .used as anaesthetic for aàrenalectomy 

the aldosterone secretion rate of the adrenals in both groups was 

higher than that observed under ether. Adrenal glands of 

pregnant rats secreted amounts of aldosterone per gm. per hour 

whïch were increased by 28.5, 44.9 and 25.8% above those sec2ted 

by adrenal tissue of non-pregnant rats in the 3 succeeding 

periods of incubation. The average total secretion of aldos

terone per gm. tissue for the 5 hour period of incubation was 

34.37% greater for adrenals of pregnant rats than for those of 

non-pregnant ones. 

(iv) The average rate of secretion of aldosterone relative 

to that of corticosterone for adrenal tissue of pregnant rats 

was only slightly greater than that observed for adrenals of 

non-pregnant groups when ether was used for adrenalectomy but 

this difference between both groups was more marked with nembutal. 

Adrenal tissue of both groups of rats, however, showed a greater 

rate of secretion of aldosterone relative to that of corticos

terone whenit was removed under nembutal rather than ether 

anaesthesia. This quantitative change in the pattern of 
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corticosteroid secretion became progressively greater with 

time of incubation of the adrenal glands obtained from both 

pregnant and non-pregnant rats in every experiment carried 

out. 
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2. Collections of Adrenal Venous Blood 

·a. Total body weights of rats and blood volumes collected 

Adrenal venous blood was collected from 6 groups each 

of pregnant and non-pregnant rats. In each experiment blood 

from 5 animals was pooled, (Tables XX, XXI). 

The mean total body weights of the non-pregnant rats 

in the 6 groups varied from 181 to 224 gm. while those of the 

pregnant rats ranged from 230 to 280 gms. The difference in 

the average weights was accounted for by the products of con-

ception in the pregnant animals. 

The average volume of blood collected per adrenal per 

hour per rat was similar in both groups, 2.7t0.09 and 2.8±0.07 

ml., for non-pregnant and pregnant rats, respectively. 1~en 

the volume of blood collected was related to body weight there 

was a difference in both groups of animals; the mean value for 

the non-pregnant rats was 13.710.40 ml., that for the pregnant 

rats was 11.2~0.20 ml./adrenal/kg./hr. 

b. Aldosterone and Corticosterone in adrenal venous blood of 
pregnant and non-pregnant female rats. 

(i) Aldosterone 

Aldoster one was measured by the bioassay method of 

Simpson and Tait (281). The secretion rates of aldosterone are 

expressed in DOCA equivalents s i nce the latter compound served 

as the standard in the t ests. Aldosterone is approximately one 

hundred times as active as DOCA in t his assay. 

The aldosterone secretion in ug. DOCA equivalents 

/adrenal/hr. has been expressed in 4 ways; (1) per rat, (2) per 

·kg . t otal body wt., {3) per 100 mgm. adrenal wt. and (4) per 



No.rats 
in 

Gp pool 

1 5 
2 4 
3 5 
4 " 5 " 6 " 

+ Mean - S.E. 

1 5 
2 " 
3 " 4 " 

+ Mean - S.E. 

TABLE XX 

ALIDSTERONE IN ADRENAL VENOUS BLOOD OF 

PREGNANT AND NON-PREGNANT FEMALE RATS 

Aldosterone 

r-1ean vol. 
blood collected 

(as DOCA equivalent s) 
ug./adrenal/hour 

Mean ml./adr./hr. 
/rat /kg.BW /lOO mgm. Wt.g· /rat /kg.BW 

adr. 
200 2.7 13.6 23 115 --s-9 
224 3.0 13.5 23 103 85 
196 2.9 14.7 14 72 55 
194 2. 5 12.7 26 134 116 
189 2.4 12.7 18 95 73 
181 2.7 15.1 20 111 -
NQn-pregnant rats 21t1.8 -r. · 105-S.5 84±"10.1 

280 2;9 10.4 20 71 45 
242 2.6 10.9 12 50 36 
235 2.6 11.2 14 60 39 
230 2.7 11.9 18 7S 61 

Pregnant rats 16±1.8 65±6.3 45~.6 

/ 10 ml 
blood col1' d 

85 
76 
50 

106 
67 
73 

76.Ï9.o 

69 
45 
53 
66 

58:!:-5. 62 

1 

1-' 
v..> 
v..> 
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10 ml. blood collected. These values are listed in Table XX. 

In each case the rate of secretion of aldosterone by 

non-pregnant rats was greater than that observed for pregnant 

rats. The mean values for aldosterone secretion (in DOCA 

equiv.)/adrenal/hour/rat were 21±1.8 and 16±1.8 ug. for non

pregnant and pregnant rats respectively; in terms of kg. body 

weight they were 105~8.5 ug. in non-pregnant rats and 65~6.3 

ug. in pregnant ones. Aldosterone secretion (in DOCA equiv.) 

/adrenal/hour/100 mgm. adrenal wt. averaged 84tlO.l in non

pregnant rats and was 4>t5.6 ug. in pregnant groups. The 

average aldosterone secretion per adrenal/hr./10 ml. blood col

lected was 76~.04 and 58±5.62 ug. in non-pregnant and pregnant 

rats, respectively. This difference in aldosterone secretion 

between the 2 groups was, however, statistically significant 

only when related to unit body weight (P(O.Ol and)O.OOl) and to 

unit adrena1 weight (P(0.02 and)O.Ol). 

(11) Corticosterone 

The 'in vivo' secretion of corticosterone was studied 

in the same groups of anima1s. The rate of secretion of this 

steroid by pregnant rats was less than that observed for the 

non-pregnant rats, Table XXI. The average secretion of corticos

terone was 30*2·5 and 25±2.2 ug./adrenal/hr./rat in non-pregnant 

and pregnant groups, respective1y. When related to body weight 

it was 156±12.7 ug./adrena1/hr./kg. body weight in non-pregnant 

animals as campared with 10Jt9.1 ug. in the pregnant ones. The 

average rate of corticosterone secretion per unit adrenal weight 

was 119±8.6 and 93t6.0 ug./ adrenà1/hr./100 mgm. adrenal weight 

in non-pregnant and pregnant groups, respectively. Non-pregnant 



No. rats 
in 

Gp po~1 

3 5 
4 tf 

5 " 6 tf 

+ Mean - S.E. 

2 5 
3 tf 

4 " 5 tf 

6 4 

Mean ± S.E. 

TABLE XXI 

CORTICOSTERONE IN ADRENAL V~NOUS BLOOD OF PREGNANT ---
AND NON-PREGNANT FE_MALE RATS 

Corticosterone secretion 
Mean vol. ug./adrena1/hour 

blood co1lected 
Mean ml./adr./hr 
Wt.g /rat /kg.BW /rat /kg.BW /100 mgm. /10 ml. 

adr. b1ood co11 1 d 

196 2.9 14.7 · 34 171 128 116 
194 2.5 12.7 24 121 102 96 
189 2.4 12.7 34 178 128 140 
181 2.7 15.1 28 155 - 102 

Non-pregnant rats 30t2.5 156t"12.7 119±'8.6 113±9.8 

242 2.6 10.9 22 . 91 81 83 
235 2.6 11.2 21 87 68 78 
230 2.7 11.9 30 130 118 109 
240 2. 7 11.1 21 87 96 79 
261 3.0 11.5 31 120 104 104 

Pregnant rats 25±2.2 103t.9.1 93±o.o 91:t6.6 

1 

·l-' 
'vJ 
VI 
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rats secreted an average of ll3±9.S ug. corticosterone/adrenal/ 

hr./10 ml. blood as compared with 91+6.6 ug. secreted by 

pregnant rats. These differences in the average rate of secretion 

of corticosterone between pregnant and non-pregnant groups were, 

however, statistically significant only when related to unit 

body weight (P(0.02 and)O.Ol) and to unit adrenal weight 

(P(0.05 and)0.02). 

c. Summary 

The concentration of aldosterone and corticosterone was 

less in the adrenal venous blood of pregnant rats than in that 

of non-pregnant ones. The differences in both aldosterone and 

corticosterone content between the 2 groups were statistically 

significant when the steroid secretion rates were related to 

unit total body and adrenal weights. The average rate of 

secretion of these 2 steroids when expressed merely per rat 

or per unit blood volume collected was also less, from 17 to24%, 

in pregnant rats than in the non-pregnant ones but these decreasffi 

were not of statistical significance. 

d. Comparison of corticosteroid secretion under 'in vitro' and 
'in vivo' conditions in pregnant and non-pregnant female rats 

It is realized that both types of experiments carried 

out were too limited in number to establish ' conclusively whether 

or not adrenal function is altered in pregnancy in the rat. 

Nevertheless, a d~crease in the secretion rate of corticosterone 

in pregnant rats was observed in the 'in vivo' study and also 

under 'in vitro' conditions when the adrenal tissue had been re-

moved under nembutal anaesthesia. This latter difference between 

pregnant and non-pregnant rats,was, however, slight when ether 

anaesthesia was used for adrenalectomy. The aldosterone content 
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in adrenal venous blood of the pregnant animals was also de

creased in comparison with that present in blood collected from 

non-pregnant rats. The adrenal glands of pregnant rats under 

'in vitro' conditions showed a tendency, however, to secrete 

higher average amounts of aldosterone than those from non-preg

nant rats when the adrenals were removed under nembutal anaesthes

ia. This effect was less pronounced with ether anaesthesia. 

Under 'in vitro' conditions there appeared, therefore, a tendency 

for the average rate of secretion of aldosterone relative to that 

of corticosterone to be greater in the pregnant group of rats 

than in the non-pregnant ones. The latter effect was not, however, 

observed in the 'in vivo' study, perhaps, because of the con

dition of acute stress under which adrenal venous blood is collect

ed. Thi.s stress would result in increased sècretion of corticos

tarone to a greater extent than that of aldosterone. 
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B. The Metabolism of Corticosteroids During Incubation with 

Liver Tissue from Pregnant and Non-Pregnant Female Rats 

The purpose of these experiments was to determine 

whether a difference in the rate of corticosteroid metabolism 

could be demonstrated in pregnancy at the level of liver act

ivity. Liver tissue obtained from pregnant and non-pregnant 

female rats was incubated under 'in vitro' conditions with 

corticosterone and aldosterone-21-monoacetate and the metabolism 

of these hormones was studied. 

1. Total body and liver weights of rats. 

Pregnant rats between the 18th to 2lst day of gesta

tion were used. Their weights ranged from 230 to 310 gm, the 

average being 270 gm. The weightw of the non-pregnant rats 

ranged from 185 to 250, aver.216 gm; the difference in the 

mean weight of both groups of rats was 54 gm. and was accounted 

for by the products of conception in pregnant rats. All 

weights are listed in Table XXll. 

It was noted that the livers of pregnant rats were 

generally larger than those of non-pregnant ones; the mean 

weights were 11.2+0.44 and 8.6+0.64 gm., respectively, and this 

difference was found to be statiwtically significant, (P(O.Ol 

and)O.OOl). The weight of the particular lobe used for incu

bations was also noted to be significantly heavier in pregnant 

rats than in those non-pregnant, (P(O.OOl). 

When total liver weights were related to total body 

weights average values of 4.1 and 4.3 gm./100 gm. body weight 

in non-pregnant and pregnant rats were observed. The corres

ponding means of the weights of the lobe incubated/100 gm. 



TBW 
Rats gm. 

1 420 
2 250 
3 235 
4 230 
5 230 
6 195 
7 190 
8 224 
9 203 

10 210 
11 185 
12 220 
13 222 

r-1ean 216 
-ts .E. 

TABLE XXII 

LIVER AND TOTAL BODY WEIGHTS (TB\'l) OF PREGNANT AND NON-PREGNANT 

FEMALE RATS 

Non-pregnant rats Pregnant rats 

Li ver wt. ,gm. Lobe incubated1 gm. Liver wt. ,gm. Lobe incubated..,., gm. 
/lOOg /IOOg TB\'1 /lOOg /lOOg 

total TBW total TBW gm. total TBW total TBW 

- - - - 300 - - - -- - 3.2 1.3 310 - - 4.7 1.5 
- - 2.7 1.2 295 - - 4.8 1.6 - - - - 280 - - - -- . - - - 280 - - - -- - 2.3 1.2 230 - - 4.1 1.8 

7.2 3.8 . 2.5 1.3 255 12.0 4.7 4.5 1.8 
8.7 3.9 2.7 1.~ 280 10.2 3.7 3.7 1.3 
7.1 3.4 2.2 1.1 250 9.5 3.8 3.2 1.3 

10.2 4.9 3.7 1.8 260 10.6 4~1 5.3 2.0 
6.7 3.6 2.0 1.1 230 12.1 5.3 4.3 1.9 

11.0 5.0 4.5 2.0 280 11.0 3.9 5.5 2.0 
9.6 4.3 3.3 1.5 270 12.7 4.7 4.8 1.8 

8.6± 4.1 2.9± 1.4 270 11.2!" 4.3 4. 5j- 1.7 
0.64 0.24 Q.-44 0.22 j 

1-' 
v.> 
\.0 
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body weight were 1.4 and 1.7 gm., respectively. In contrast, 

therefore, to the findings observed with adrenal glands, liver 

weight increaseà in pregnancy in relation to the gain in body 

· weight. 

2. Method of expressing results. 

Liver tissue of pregnant and non-pregnant rats was 

incubated in Krebs phosphosaline buffer solution with and with

out added corticosteroids. Corticosterane and aldosterone-21-

monoacetate were the steroid substrates used. The compounds 

measured were the total free corticosteroids having a A4-3-ketoœ 

grouping in ring A and an alpha-ketolic group at carbon 17 pre

sent in the incubation media at the end of the experiment. These 

values for recovered steroids were subtracted from the amount of 

steroid added to the samples and the difference represents, there

fore, the total disappearance of steroid. To correct for the 

variation in amount of steroid used in the different experiments, 

the results were expressed as the per cent total disappearance. 

In addition these values are also related to the weight of liver 

tissue which varied from 200 to 250 mgm. per sample. 

As it is necessary to make a correction for loss of 

steroid due merely to technique, the recovery of corticosteroids 

incubated without liver tissue in this system was determined. 

When expressed as % disappearance of the~4-3-ketone grouping 

the values ranged from 9 to 13% usi ng the INH reaction. When 

estimated by BT reaction values obtained for % disappearance of 

the alpha-ketol group ranged from 4 to 6%. The appropriate 

values were, therefore, subtracted from the % total disappearance 
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observed with samples of steroid incubated with tissue. The differ-

ence was corrected for variations in liver weight in the different 

samples incubated and this value is the appropriate one for campari-

-son of activity of liver tissue obt:.: ined from pregnant and non

pregnant rats. 

3. IncubatLn s of li ver tissue from pregnant and non-pregnant 
female rats with corticosterone. 

(a) Disappearance of À 4-3-ketone grouping 

Nine experiments wer•:: carried out ·~fith liver tissue from 

non-pregnant rats. In each experiment 3 to 5 samples of the same 

lobe of liver (a major, single~lobed portion) were used making a 

total of 36 determinations on 9 rats. The amount of added corti

costerone varied from 220 to 338 ug. per sample. The results are 

charted in Table XXIII. Following incubation the average loss of 

~ -4-3-ketone range~ from 105 to 192 ug./sample in the 9 experiments. 

When expressed as a percentage of the original amount this varied 

. from 47 to 71%, mean 57±1.51%. When this value was corrected for 

the loss of theA4-3-ketone grouping w.hich occurs in the absence 

of liver tissue the mean value was 44±1.45%. These results were 

also expressed as a percentage disappearance of Il. 4-3-ketone group

ing/100 mgm. liver tissue; the averages in 9 experiments ranged 

from 16 to 26% and the mean value of 36 samples was 19t0.66%/100 

mgm. 

Similar experiments with liver tissue of pregnant rats 

were carried out. In each experiment usually 4 aliquots of the 

same lobe of liver as that obtained from non-pregnant rats were 

used making a total of 39 determinations on 10 rats. The results 

are show in Table XXIV. Following incubation the average loss 



Aaount 
Compd B No. 

Exp. Âdded Samples 

1 22.5 4 
2 Il n 

3 n Il 

4 338 • 
5 225 5 
7 Il 4 
8 223 3 
9 220 4 

10 2.58 Il 

TABLE XXITI 

REDUCTION OF À 4-3-KETONE GROUPING OF CORTICOSTERONE DURI~ 
mGUBATION WITH LIVER OF NON-PREGNANT FEMALE RATS 

Disappearance (Dis.) of A 4-J:ketone grouping 
of added corticosterone. 

% Dis. corr•d 
Total ~ Dis. Total ~Dis. for loss of 

Total amount of amount /100 mgm. steroid incub. 
Dis. ug. added tissue alone (U~) 

range (mean) range (mean) range (mean) range (mean) 

95-120 (llO) 42-54 (49) 17-24 (20) 31-43 (38) 
135-155 (147) 6o-69 (66) 22-31 (27) :34-45 (41) 
100-12.5 (113~ 45-56 (50) 20-23 (22) 34-45 (40) 
168-213 (192 .50-64 (57) 23-28 (24) 37-51 (45) 
120-165 (143) 54-73 (64) 23-30 (27) 4.3-62 (52) 
95-ll5 (10.5) 42-51 (47) 20-25 (22) 31-40 (36) 

113-128 (121) 51-57 (54) 25-26 (26) 40-46 (4.3) 
145-165 (156) 66-75 (71) 28-:34 (31) 55-64 (60~ 
12.3-148 (132) 48-57 (51) 21-25 (23) 37-46 (40 

Mean :1; s.E., .36 d8terminations 57± 1.51 25 ± 0.65 44 ± 1.45 
--- -----

% Dis. (corr 1d) 
/lOO mgm. 

tissue 
range (mean) 

12-19 (16) 
13-19 (16) 
15-18 (17) 
17-22 (19~ i 

18-26 (22 1 

1--' 

t 

15-20 (17) 
20-20 (20) 
23-29 (26) 
16-20 (18) 

19 ± o.66 
~ 



Amount 
Cmpd B No. 

Exp. Added Samples 

1 225 4 
2 n n 

3 n " 
4 .338 Il 

5 225 n 

6 • " 
7 • 3 
8 223 4 
9 220 n 

10 2.58 • 

TABLE XXIV 

REDUCTION OF À 4-J-KETONE GROUPm1 OF CORTICOSTERONE DURING 
INÇUBATIQN WirH LIVER OF PREGNANT RATS 

Disappearance (Dis.) of A 4-.3-ketone grouping of 
added corticosterone 

"' Dis. corr • d 
Total ~Dis. Total % Dis. for loss of 

Total amount of amount /100 mgm. steroid incub. 
Dis. ug. added tissue alone (11%) 

range (mean) range (mean) range (mean). range (mean) 

14.5-175 (155) 65-77 (69) 27-2.9 (28) 54-67 (58) 
148-175 (160~ 66-78 (71) . 27-:32 (27~ 4.3-54 (48) 
130-160 (143 .58-71 (64) 2.3-30 (27 47-60 (52) 
20.3-223 (212) 60-66 (63) 25-30 (27) 44-54 (47) 
145-150 ~149) 6.5-67 066) 26-.31 (28) 65-67 (55~ 
11.5-140 124 ~ 51-6.3 (55) 21-29 (24~ 40-52 (44 

95-120 (llO 42-53 (49~ 18-22 (21 JL-42 (38) 
123-160 (140) 55-72 (63 27-36 (30) 44-61 (52) 
110-135 (120) 50-61 (55) 22-29 (25) 39-50 (44) 
108-148 (127) 42-57 (51) 19-27 (22) .31-46 (38) 

Mean ! S.E. 1 39 determinations 61 ! 1.42 + 
26 - 0.57 48 ! 1.25 

%Dis. (corr 1 d) 
/lOO mgm. 

tissue 
range (mean) 

22-25 (24) 
1.5-22 (19) 
18-25 (21) 
18-25 (20~ 
21.-26 (24 
17-24 (20) 
13-17 (16) 
21-30 (24) 
17-24 (20) 
14-22 (18) 

+ 21 - 0.59 
1 

~ 
J 

...... 
~ 
\.t.) 
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of the A 4-3-ketone ranged from 110 to 212 ug./sample in the 

10 experiments. l:'!hen expressed as a percentage of the amount 

added this varied from 49 to 71%,mean 61±1.42%. The latter 

value upon correction for the loss of the À 4-3-ketone grouping 

which occurs in the absence of liver tissue was 48±1.25%. The 

results when expressed as a percentage disappearance of À4-3-

ketone grouping/100 mgm. liver tissue gave a mean value of 

21±0.59% for 39 samples. 

Liver tissue of pregnant rats was, therefore, slight

ly more active than that of non-pregnant rats in the reduction 

of theÂ4-3-ketone grouping in r i ng A of corticosterone during 

3 hour incubations. This increased activity per 100 mgm. liver 

tissue amounted only to a 10.5?& difference but was statistically 

significant, ( P ( 0.05 ·and) 0.02 at 72 degrees of freedom). 

(b) Disappearance of alnha-ketol:-' group. 

The extracts of the above described experimenta were 

also examined for alpha-ketolic steroid content usi ng the blue 

tetrazolium reaction. The results are shown in Table XXV. In 

9 experiments following incubation with liver of non-pregnant 

rats the ave rag e los s of alpha-ketol ranged from 38 to 84 ug./ 

sample. 'Vlhen expressed as a percentage of the original amount 

this varied from 17 to 38%, mean 28±1.42%. The latter value 

upon correct i on for the loss of the alpha-ketol group which 

occurs in the absence of liver tissue was 23t1.36%. The res

ults were furthermore expressed as a percentage disappearance 

of alpha-ketol group/lOO mgm. liver tissue; the average s in 

9 experiments range d from 6 to 12% and the meari value of 34 

determinations was lOt0.48%/100 mgm. 



Amou nt 
Cmpd B No. 

Exp. Added saniple 

1 225 4 
2 .. 3 
3 • 4 
4 338 n 

5 225 5 
7 .. 4 
8 223 3 
9 220 4 
10 258 Il 

TABLE XXV 

REDUCTION OF ALPHA . I€TOk GROOP OF CORTICOSTERONE DURING 
INCUBATION WTIH LIVER OF NON-PREGNANT FEMALE RATS 

Disappearance (Tiis.) of Alpha-ketol group of 
added Corticosterone. 

~Dis. corr 1d 
Total %Dis. Total ~Dis. for loss of 

Total amount of amount /lOO mgm. steroid incub. 
Dis. ug. added tissue alone (4%) 

range (mean) range (mean) range (mean) range (mean) 

33-.50 (44) 1_5.;.22 (20) 6-10 ( 8) 10-18 (15) 
60-105(84) 27-47 (38) 11..-17 (14~ 23-43 (34) 
60-70 (63) 27-31 (28) 12-13 (12 2.3-27 (24) 
66-98 (81) 19-29 (24) 9-13 (10~ 15-25 (20) 
50-95 (74) 22-42 (33) 9-17 (14 17-36 (27) 
53-60 (.57) 2.3-27 (25) 11-13 (12) 19-23 (22) 
33-43 (38) 15-19 (17) 7-9 ( 8) ll-15 (13) 
38-6o (.54) 17-29" (25) 7-14 (11) 13-25 (21) 
75-83 (80) 29-32 EJl) 13-1.5 (14) 2.5-28 (27) 

Mean ± s.E. • 34 determinations 28 ! 1.42 12 ! o.53 23 : 1.36 
~---------1....-

~Dis. (corr 1d) 
/100 mgm. 
tissue 

range (mean) 

4-8 ( 7~ 
9-16 (12 

10-ll (10) 
7-ll ( 9~ 
7-15 (12 
9-11 (10~ 
5-7 ( 6 
6-12 ( 9) 

11-13 (12) 

10 :t; 0.48 

' 

....., 
.(::
\Jl 



Am.ount 
Cmpd B No. 

Exp. Added Samples 

1 225 4 
2 " n 

3 lt " 4 J.38 .. 
5 225 Il 

6 .. " 
7 Il • 
8 223 3 
9 220 4 

10 258 3 

TABLE XXVI 

REDUCTION OF ALPHA-KETOL.. GROUP OF CORTICOSTERONE DURIIOC} 
INCUBATION WTIH LIVER OF PREGNANT RATS 

Disappearance (Dis.) of Alpha-ketol group of added 
Corticosterone. 

tf, Dis. corr•d 
Total ~ Dis. Total %Dis. for loss of 

Total amount of amount /lOO mgm. steroid incub. 
Dis. ug. added tissue alone (4%) 

range (mean) range (mean) range (mea.n) range (mean) 

70-88 (8J) Jl-39 (37) 14-17 (15) 27-35 (33) 
80-100(88) 34-44 (~) 12-17 (15) )2-44 (.38) 
60-88 (75) 27-39 (.3.3) 10-16 (14) 23-.35 (.30) 
71-9.3 (81) 21-27 (24) 10-ll (10) 17-2.3 {20) 
70-95 (85) .31-42 (.38) 14-18 (16) 27-38 (34) 
58-65 (6J) 26-29 (28) 11-1.3 (12) 22-25 {25) 
50-78 (61) 22-)5 (27) 11-15 (12) 18-.31 (24~ 
JJ-4.3 (36) 15-19 (16) 7-10 ( 8) 11-15 (12 
45-55 (49~ 20..25 (22) 9-12 (10) 16-21 (18) 
65-9.3 (80 25-36 (Jl) 11-17 (14) 21-32 (27) 

Mean ;t S.E. , 38 determinations + Jo - 1.3o 13 :!: 0.49 26! 1.6o 

% Dis. (corr 1d) 
/100 mgm. 

tiswe 
range (mean) 

12-15 (lJ} 
12-17 (15) 

9-15 (1J) 
1 

8-9 ( 9~ 
' 12-16 (15 

1-' 

-&-

9-11 (ll) 
9-14 (10) 
5-8 ( 6) 
7-10 ( 8) 

10-15 (12) 
1 

11 :!: o.5o 
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In 10 experiments following incubation of liver obtained from 

pregnant rats the average loss of alpha-ketol ranged from 36 to 88 

ug./sample, (Table XXVI). When expressed as a percentage of the 

amount added to incubations this varied from 16 to 39%, mean 

30tl.30%. When this value was correct~d for the loss of the alpha-
/ 

ketol group which occurs in the absence of liver tissue the mean 

value was 26±1.60%. The average % disappearance of a1pha-keto1 

group/lOO mgm. tissue ranged from 6 to 15% in 9 experiments and 

the mean value of 38 samples was 11t0.50%. 

Liver tissue of pregnant rats was, therefore, slight1y 

more active than that of non-pregnant rats in the reduction of 

the alpha-ketol group of corticosterone during 3 hour incubations• 

This increased activity per 100 mgm. liver tissue amounted only 

to a 10.0% difference but was statistically significant ( P<0.05 

and) 0.02 at 70 degrees of freedom). 

c. Comparison of extent of reduction ofA4-3-ketone and alpha
ketol groups of corticosterone. 

The mean % disappearance/100 mgm. incubated tissue 

of theÀ4-3-ketone grouping of corticosterone, 21!0.59%, was 

91% greater than that of the alpha-ketol group, 11~0.50%, follow

ing 3 hour incubations with liver tissue of pregnant rats. A . 

similar difference, of 90%, was observed after incubations of 

liver tissue obtained from non-pregnant rats. 

4. Incubations of liver tissue from pregnant and non-pregnant 
female rats with aldosterone-21-monoacetate. 

In 2 experiments d.l. aldosterane-21-monoacetate was 

used as the substrate. In a11 other respects the incubation 

conditions were similar to those used with corticosterone. 
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(a) Disappearance of A 4-3-ketone grouping 

Following incubation with liver of non-pregnant rats 

the average loss of Â 4-3-ketone was 65 and 62 ug./sample in the 

2 experiments, (Table XXVII). When expressed as a precentage 

loss of the original amount the mean value for 7 determinations 

was 32±1.40%. When this value was corrected for the loss of 

Â4-3-ketone grouping which occurred in the absence of liver 

tissue the mean was 19±1.92%. These results were also expressed 

as a % disappearance of theA 4-3-ketone grouping/100 mgm. liver 

tissue; the mean of 7 determinations was s±o.93%· /lOO mgm. 

tissue. 

The percentage disappearance of the 114-3-ketone group

ing/100 mgm. of liver tissue obtained from pregnant rats was 

similarly determined. The mean value for 8 samples was 12± 

0.27%/100 mgm. tissue as compared with st0.93% for liver tissue 

of non-pregnant rats, (Table XXVII). 

Liver tissue obtained from pregnant rats was, there

fore, on the average, 50% more active in reducing theA 4-3- · 

ketone grouping of aldostercne 21-monoacetate than was that 

from non-pregnant rats. This difference was statistically sig

nificant, ( P (0.01 and> 0.001 at 13 degrees of freedom). 

(b) Disappearance of alpha-ketol group. 

When the alpha-ketolic group was measured in the same 

extracts of incubations of liver from non-pregnant rats the 

ET determinations showed a mean value of 22t1.18% total disa

ppearance of the original amount. When this value was dorrected 

for the loss of alpha-ketol group which occur red in the absence of 



T A B L E XXVII 

REDUCTION OFÂ4-3-KETONE GROUP OF AlDOSTERONE - ACETATE DURING 
INCUBATION WITH LIVER OF PREGNANT AND NON-PREGNANT FEMAIE RATS 
Disappearance (Dis. ) of A 4-3-ketone grouping of added 
aldosterone-21-monoacetate (200 ug. per sample). 

Exp. jNo. samplesl Rats 

Total am.ount 
Dis. ug. 

range (mean) 

Total %Dis. 
of amourit 

added 
rànge (mean) 

Total % Dis. 
/100 m~. 
tissue 

range (mean) 

% Dis.corr'd 
for loss of 

steroid incub. 
alone (13%) 

rai-lge (mean) 

11 
12 

4 
3 

Non-preg., 5st73 (65) 
" 50.±73 ( 62) 

l-iean±s.E., 7 deterin.inations. 

11 
12 

4 
11 

Pregnant 1 75tsg (go) 
tl .75±85 (gJ) 

l1ean±s.E. 1 8 determinations 

29!36 (32) 
25~6 (31) 

32 t 1.40 

3à1:44 (40) 
3g!43 (41) 

41 ~ 0.92 

12!16 (14) 
11.:11.5 (14) 

14 't o.6s 

17!19 (18) 
17.i"19 (18) 

18 ·± 0.27 

15.!22 (18) 
U.!27 (20) 

19 ! 1.92 

24:!30 (26) 
24:!29 (28) 

27 j- 0.90 

% Dis. (corr 1d) 
/lCO mgm. 
tissue 

range (mean) 

611.0 (g) 
5.±12 (9) 

g .!" o. 93 

1l.:!J.2 (12) 
ll.:tl3 (12) 

12 .:! 0.27 

1-' 
-t:
'\0 



Exp. No. Samples Rats 

li 4 Non-preg. 
12 " • 

Mean t s.E., 8 determinations 

ll 4 Pregnant 
12 3 " 

Mean t s.E. , 7 determinations 

T A B L E XXVIII 

REDUCTION OF ALPHA-IŒTOL.. GROUP OF AIOOSTERONLACET ATE DURING 
INCUBATION WTIH LIVER OF PREGNANT AND NON-PREGNANT FEMALE 

RATS 
Disappearance (Dis.) of Alpha-ketol group of added Aldosterone-

21-monoacetate (200 ug. per sample). 

~ Dis. corr1d 
Total ~Dis. Total ~Dis. for loss of 

Total amount of amount /100 mgm. steroid incub. 
Dis. ug. added tissue alone (6'/>) 

range (mean) range (mean) range (mean) range (mean) 

40-53 (47) 20..26 (23) 9-12 (10) 14-20 (18) 
33-48 (42) 16-24 (21) 7-11 (10) 10-18 (15) 

22 ± 1.18 10 ± o.60 16 ! 1.18 

50-65 (56) 2.5-33 (28) 11-13 (13) 19-27 (23) 
45-50 (47) 2.3-25 (23) 10-11 (11) 17-19 (18) 

- 26! 1.35 12 :!: o • .56 20 ! 1.36 

~ Dis.(corr•d) 
/100 mgm. 
tissue 

range (mean) 

6-9 (8) 
.5-8 (7) 

7 ± 0.50 

9-11 (10) 
7-8 ( 8) 

9 ! o.60 

1 

1-' 
\J'1 
0 
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1iver tissue the mean value of $ samples was 1~1.18%. These 

resu1ts expressed as a % disappearance of the alpha-ketol group 

/100 mgm. liver tissue gave a mean value of ~0.50% for $ 

samples. 

The percentage disappearance of the alpha-keto1 group 

/100 mgm. of liver ~issue obtained from pregnant rats was 

similarly determined; the mean value for 7 samples was 

9f0.60%/100 mgm.tissue. 

Liver tissue obtained from preenant rats was, on the 

average, 28.6% more active in the reduction of the alpha-ketol 

group of aldosterone-21-monoacetate, than was that from non

pregnant rats. This difference was of statistical significance, 

P(0.05 and)0.02 at 13 degrees of freedom, {Table XXVlll). 

(c) Comparison of extent of reduction of44-3-~etone 
and alpha-ketol groups of a1dosterone-21-monoacetate. 

The mean % disapp~arance/100 mgm. incubated tissue 

of theA4-3-ketone grouping of the aldosterone derivative, 12~ 

0.27%, was 25% greater than that of the a1pha-ketol group,9+ 

0.60%, following 3 hour incubations with liver tissue of preg

nant rats. This difference is statistical1y significant, (P( 

0.001) while that observed with liver tissue of non-pregnants 

is not. 

5. Comparison of the extent of metabolism of corticosterone 
and a1dosterone-21-monoacetate 

As shown in Table XXIX the average extent of meta-

bolism of both the~4-3-ketone and alpha-ketol groups of aldos

terone-21-monoacetate was less than that observed for corticosterone 

following incubations with liver tissue obtained ffom either preg

nant or non-pregnant rats. The mean percentage disappearance of 
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TABLE XXIX 

INCUBATION OF LIVER OF PREGNANT AND NON-PREGNANT FEMALE 

RATS IPTITH CORTICOSTERONE AND ALDOSTERONE-MONOACETATE 

Percentage disappearance of steroid substrate (corr'd)* /100 mgm. tissue 
average values 

Corticosterone Aldosterone-21-monoacetate 

Grouping measured Â4-3-ketone alpha-ketol a4-3-ketone alpha-ketol 

Liver, non-pregnant rats l<]i:0.66(36)** 1Qt0.48(34) s:to.93(7) 7.t0.50(8) 

tt , pregnant " 21±0.59(39) ll:t0.50(38) 12±0.27(8) 9:t0 .60( 7) 

------ L.._ -- - -

* Corre.cted for loss of steroid which occurs with incubations of steroid substrate 
al one. 

~'* Values in brackets are total number of determinations which were carried out. 

1-' 

"' N 
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the alpha-ketol group of corticosterone/100 mgm. tissue was 

10±0.48% for liver of non-pregnant rats and 11±u.50% for that 

of pregnant rats; the corresponding mean values for the reduc

tion of the alpha-ketol group of the aldosterone derivative were 

7to. 50 and 9±0.60%, respectively. The difference between the 

extent of metabolism of these 2 steroids was, however, more 

apparent when the reduction of the A4-3-ketone grouping is con

sidered. The mean percentage disappearance of theA4-3-ketone 

grouping of corticosterone/100 mgm. tissue was 19±0.66 for liver 

tissue from non-pregnant rats and 21±0.59% for that of pregnant 

rats; the corresponding mean values for the reduction of the 

~ 4-3-ketone grouping of aldosterone-21-monoacetate were at 
0.93 and 12r0.27%/100 mgm. tissue, respectively. All these 

observed differences were of statistical significance, ( P< 

0.001 or P < 0.02 and) 0.01}. 

6. Summary 

a. When corticosterone was used as substrate in the incu-

bations the liver of pregnant rats was about 10% more active 

in the 'in vitro' reduction of both the Â4-3-ketone and alpha

ketolic groups than was liver tissue of non-pregnant rats. These 

differences although slight were statistically significant. The 

extent of metabolism of the ~4-3-ketone grouping was approximat

ely twice that of the a1pha-ketol group during incubations with 

liver from both groups of rats. 

b. Pregnancy liver tissue was also 50 and 28% more active 

in the metabolism of the Â4-3~ketone and alpha-ketol groups, 

respectively, of aldosterone-21-monoacetate than was similarly 
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incubated liver tissue from non-pregnant rats. The extent 

of metabolism of the~4-3-ketone grouping was significantly 

greater than that of the alpha-ketol (by 25%} during incuba-

tians with liver tissue from pregnant rats but no significant 

difference was observed with liver from non-pregnant rats. 

c. Both types of tissue metabolized corticosterone to a 

greater extent than the aldosterone derivative when extent of 

alteration of either the~4-3-ketone or alpha-ketol groups is 

con sidered. 

d. Pregnancy liver tissue was, therefore, more active in 

the metabolism of corticosteroids under 'in vitro' conditions than 

was that of non-pregnant female rats. These differences per unit 

weight were small but statistically significant and may be more 

important in the intact animal when the increased liver weight 

in pregnancy (by 30%} is taken into consideration. 

c. 

1. 

Incubations of Rat Placental Tissue Under Various 'In 
Vitro' Conditions. 

Possibility of production of adrenal-like hormones by rat 
placenta 'in vitro'. 

Placenta! tissue obtained from pregnant rats near 

term was quickly eut into small pieces and incubated in Krebs-

Ringer bicarbonate solution in amounts ranging from 1.3 to 10.0 

gm. Six experimenta were _carried out and in 5 of these the quan

tity of placenta incubated approximated 1~ times the amount of 

tissue present in one pregnant rat close to term. In none of 

these experimenta one of which is shown in Table XXX was it poss

. ible to detect aldosterone, corticosterone or any other A4-3-

ketonic steroids of similar polarity in the extracts of the in

cubation media. These experiments suggest that the rat placenta 
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does not produce·corticosteroids in measurEble amounts under 

'in vitro' conditions. 

2. Incubation of rat placenta with rat adrenal glands. 

Rat placental tissue was also incubated with adrenal 

glands in order to determine whether a direct influence on 

adrenal function could be demonstrated under 'in vitro' con

ditions. 

(a) Male rat adrenals. 

Since male rats were more available than female ones 

their adrenals were used in 4 out of 5 experiments. The adrenal 

tissue was divided so that one-half was incubated as the control 

for 3 hours; the other half was incubated with placental tissue 

for a similar period of time. 

In 3 preliminary experiments with male adrenal glands 

from 1.3 to 3.6 gm. of placental tissue were incubated with 

approximately 0.6 gm. of adrenal tissue while similar quantities 

of the latter tissue were incubated alone. In each case the 

addition of placental tissue to the incubation medium of adrenal 

tissue caused a decrease in the smount of aldosterone and/or 

corticosterone when compared to control values. This observed 

effect was most marked in a subsequent experiment when the 

greatest amount of placental tissue used, 12.15 gm., was added 

to the incubation medium of 1.96 gm. adrenal tissue. At the 

same time 2.27 gm. of adrenal tissue was incubated alone using 

an equal volume, 100 ml., . of Krebs-Ringer bicarbonate solution. 

The incubation medium of both samples was extracted for total 

free steroid content. Aldosterone and corticosterone were 



TABLE XXX 

INCUBATION OF NIALE liAT ADRENAL GLANDS .VJ.IJ.H RAT PLAC~-~~ 

ug. steroid secreted/gm. adrenal tissue/hr. 

Sample* Corticosterone Aldosterone Compound X5 Compound X6 

Adrenal tissue { 2. 27 gm.) 36.50 3.6S ~.JO 5.10 
incubat ed al one 

Adrenal tissue (1.96 gm.) 17.30 1.99 2.29 2.76 
incubated with 12.15 gm. 
placenta. 

Placental tissue (10.0 gm.) o.oo o.oo o.oo o.oo 
incubated alone 

* All samples incubated in a total volume of lOO ml. Krebs Ringer bicarbonate 
solution. 

l-' 

"' 0\ 
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were isolated and also 2 unidentified ~4-3-ketonic compounds 

designated as X5 and :Kt, as shown in Table XXX. Compound x5 
was more polar than aldosterone while ~ had polarity intermed

iate between that of aldosterone and corticostercne in the chroma

tog!aphic systems used. In the sample of adrenal tissue incubated 

with placenta the amount of each of these steroids was approxi

mately one-half of the quantity obtained from the incubation 

medium of the control sample. The secretion of compounds B, X5, 

~ and of aldosterone in ug./gm. of adrenal tissue/br. was 36.50, 

4.30, 5.10 and 3.68 ug., respectively, when adrenal glands were 

incubated alone. Following addition of placenta! tissue the 

secretion rate of compound B decreased to 17.30 ug. and that of 

aldosterone to 1.99 ug./gm./hr. The secretion rates of compounds 

X5, and~ were also reduced, to 2.29 and 2.76 ug./gm./hr. res

pectively. 

(b) Female rat adrenals. 

A similar effect was observed in one experiment when 

place~tal tissue was incubated with adrenal glands obtained from 

both pregnant and non-pregnant female rats . 

The adrenal tissue obtained from 22 non-pregnant rats 

was divided into 2 parts with one part incubated as control over 

3 successive incubation periods of 0 to 1, 1 to 3 and 3 to 5 

hours. The other part was incubated in the 2nd period with halved 

pituitary glands which were freshly removed from 11 non-pregnant 

rats under nembutal anaesthesia. In the 3rd period of incubation 

freshly r emoved and eut placental tissue was also added. A para

llel incubation with adrenal glands obtai ned from 23 pregnant 

rats was simultaneously performed exdept that the pituitary tissue 
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used was removed from pregnant rats. 

The following observations were made with adrenal 

tissue obtained from non-pregnant rats. The secretion of ' 

corticosterone in the control sample decreased from 15.79 to 

6.14 ug./gm./hr. from the 2nd to the 3rd incubation periods. 

In the 2nd period of incubation adrenal tissue in the presence 

of pituitary glands secreted 20.27 ug. of corticosterone/gm./hr. 

and this was reduced by 89% to 2.17 ug. in the 3rd period of 

incubation when 3.8 gm. placenta! tissue was added. This de

crease was 28% greater than that observed in the control sample. 

Similarly with adrenal tissue of pregnant rats, the 

rate of secretion of corticosterone decreased from. 5.55 to .3.59 

ug./gm./hr. in the 2nd to 3rd periods of incubation of the con

trol sample. In the second period of incubation adrenal tissue 

in the presence of pituitary glands secreted 11.50 ug. of cor

ticosterone/gm./hr. and this decreased to less than 1.50 ug. in 

. the 3rd period when · 3~7 gm. placental tissue was added. This 

decrease of approximately lOo% was about 65% greater than that 

observed for the control samples from the 2nd to the 3rd periods 

of incubation. 

The secretion of aldosterone by adrenal tissue obtained 

from both pregnant and non-pregnant rats was similarly decreased 

in the presence of placental tissue, by 37 to 47%, respectively, 

below the control values. 

Three suggestions could be made for the cause of this 

effect of placenta! tissue on the rate of secretion of cortico

steroids during incubations of adrenal glands. It may have been 

due to a non-selective inhibition of normal respiratory processes 
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of the adrenal tissue in the presence of relatively large 

amounts of foreign tissue. Another possibility to be considered 
' was whether or not the corticosteroids secreted into the medium 

were being metabolized by placenta! tissue so that estimat1ons 

of the~4-3- ketonic steroids showed a decrease. A third factor 

might be a possible concentration or adsorption of corticosteroids 

by placenta! tissue involving little or no metabolism of the 

steroids. 

The last two possibilities were investigat·ed in experi

ments in which placenta! tissue was .incubated with corticosterone. 

These studies were done simultaneously with a series of liver 

incubations. The tissues were incubated in Krebs phosphosaline 

buffer solution with and without added steroid. The compounds 

measured were the total free corticosteroids having a~4-3-

ketone grouping in ring A and an alpha-ketolic group at carbon 

17 present in the incubation media at the end of the experiment. 

The recovery of steroid incubated without placenta! tissue in 

this system was also determined by the INH and BT reactions. 

3. Incubations of rat placenta with corticostero~ 

In the first experiment 0.66 and 0.84 gm. of placental 

tissue were incubated with 110 ug. of corticosterone. There was 

a disappearance of the~4-3-ketone structure of this steroid 

amounting to 47 and 43%/gm. tissue in the two samples; the per

centage disappearance of the alpha-ketol group being in the same 

samples 30 and 29%/gm. tissue, respectively. This indicated that 

.the placenta! tissue was taking up corticosterone from the 

solution and the discrepancy in disappearance of the~4-3-ketone 

and alpha-ketol groups suggested, furthermore, that the placental 
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tissue was actively metabolizing the steroid. 

To investigate whether this removal of corticosterone 

was an active process or due only to a passive adsorption of 

steroid by placental tissue experimenta were carried out in which 

1 or 2 samples of tissue were incubated in the usual way while 

others were kept at ice-cold temperature during the incubation 

period. 

As shown in Table XXXI in 7 samples in which the tissue 

was incubated at 37°C in a solution of corticosterone the per

centage disappearance of the~4-3-ketone group/gm. tissue ranged 

from 26 to 47%; the mean value was 39~2.90%. When placenta! 

tissue was not incubated in 4 samples the percentage disappearance 

of the Â 4-3-ketone group ranged from 12 to 21%/ gm. tissue and the 

mean was 1Stl.96%. The percentage disappearance of theA4-3-

ketone group of corticosterone when estimated by the INH reaction 

was significantly greater (P (0.001) when the placenta! tissue 

was incubated at 37°C. 

The extracts were also examined for alpha-ketolic 

steroid content using the BT reaction and the results are charted 

in Table XXXII. In the 7 samples of placenta! tissue incubated 

at 37°C in a solution of corticosterone the percentage disappear-. . 

ance of the alpha-ketol group/gm. tissue ranged from 21 to 30%; 

the mean value was 27±!.51%. When placental tissue was kept at 

ice-cold temperature this percentage disappearance of the alpha

ketol group ranged from 10 ·to. 24%/gm. tissue and the mean was 

17.:!).30%. The percentage disappearance of the alpha-ketol group 

of corticosterone was, therefore, significantly greater 

(P < 0.05 and) 0.02) when the placenta! tissue was incubated at 

37°C. 



~p. Tissue - wt(gm) 

1 Incub. o.66 
Il n o.84 
2 Il o.64 
n Il 0.76 
J n 0.96 
n Il o.84 
4 n 1.ll 

~an ± S.E. 

2 Not 1nc o.6s 
J n 0.73 .. n o.6J 
4 n 1.04 

Mean± s.E. 

TABLE XXXI 

DISAPPEARANCE (DlS. ) OF A 4-J-KETONE GROUPING OF CORTICOSTERONE 
IN THE fRESENCE OF RAT PLACENTA 

% Dis.corr 1d 
Amou nt for 1oss of 
Cmpd B Total % Total steroid inc. 
added Di~. % Total Dis. Dis./gm. :a1one ( 9'J,) 

llJ 46 40 61 31 
Il 51 45 53 36 

lll J6 J2 51 2J 
n J6 J2 4J 23 

llO 4? 4J 45 J4 
n 45 41 49 32 

258 91" J8 J4 29 

39 :t 1.19 48 :t 3.21 JO .-t 1.93 

lll 24 21 Jl 12 , 
llO 25 2J 32 14 

Il 24 22 35 13 
258 55 21 21 12 

22 :J: o.so JO j' J.o4 13 .-t 0.50 
---

% Dis./gm. 
(corr•d) 

47 
4J 
J6 
JO 
.36 
J8 

l-' 

~ 
26 

J9 :t 2.90 

18 
19 
21 
12 

18 z 1.96 
1 



Exp. Tissue - wt(gm) 

1 Incub •. o.66 
• n o.84 
2 n o.64 
• Il 0.76 
.3 n 0.96 
Il lt o.84 
4 Il 1.ll 

Mean ± S.E. 

2 Not inc. o.68 
.3 n o.73 
n • o.63 
4 tt 1.04 

Mean t s.E. 

TABLE XXXII 

DTSAPPE.ARANCE (DIS.) OF ALPHA-KETOL GROUP OF CORTICOOTERONE 
IN THE PRESBNCE OF RAT PLACENTA 

% Dis.corr•d 
Amount for loss of 
Cmpd B Total % Total steroid inc. 
added Dis.ug. %Total Dis. Dis./gm. alone (5%) 

11J 28 25 J8 20 
n 3J 29 35 24 

lll 26 23 31. 18 
Il 24 21 .3J 16 

110 J8 34 J6 29 
n .30 27 .3.3 22 

2.58 7.3 28 25 2J 

27 :t 1.62 .3J ± 1.80 22 ± 1.62 

111 14 12 18 7 
llO 2.3 20 28 15 

lt 2J 20 32 15 
258 45 18 17 1.3 

18 ± 1.92 24 ± J.8o 1.3 ± 1.91 

% Dis./gm. 
(corr•d) 

JO 
29 
28 
21 
JO 
26 
21 

27 ± 1.51 

10 
21 
24 
13 

17 ;!; J.JO 

1-' 
()'. 
l\) 
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The difference between the average perèentage dis

appearance of the alpha-ketol andA4-3-ketone gr oups of the 

corticosterone substrate was significant only in the samples of 

placental tissue which were incubated, (P(O.Ol and)O.OOl). 

The mean % disappearance of the~ 4-3-ketone and alpha-ketolic 

groups was 39t2.90 and 27±1.51%/gm. tissue, respectively. This 

'\tmuld suggest that a selective metabolism of the,.14-3-ketone group 

occurred during incubation of placental tissue with corticosterone. 

In experiment 4 (Table XXXIII) a sample of placental 

tissue was incubated with 259 ug. of corticosterone while another 

sample similarly prep~red was not incubated. After 2 hours of 

incubation the former sample contained 160 ug. of Â 4-3-ketonic 

and 186 ug. of alpha-ketolic steroid in the medium. The medium 

of the ether sample which was kept at ice-cold temperature con

tained 203 and 213 ug. of~4-3-ketonic and alpha-ketolic steroid, 

respectively. The tissue in both cases was homogenized after 

separation from its medium. The homogenates were chromatographed 

and analysed for corticosterone content. An additional 50 ug. 

of corticosterone was recovered from incubated tissue while another 

36 ug. was obtained from placental tissue not incubated. 'l'he per

centage disappearance of theA4-3-ketone group of the substrate 

corticosterone was thereby reduced from 26 to 8%/gm. incubated 

tissue and that of the alpha-ketol group was similarly decreased 

from 21 to 4%. If any metabolism of added corticosterone did 

occur the extent was, theref ore, less than 10% gm. of incubated 

tissue. The recovery of corticosterone from the homogenate of the 

non-incubated tissue likewise reduced the extent of disappearance 

of the alpha-ketol and.14-3-ketone groups of corticosterone from 



Total 
Tissue-wt. (gm) Dis.ug. 

Incub. 1.11 97 
(-50)* 

4g 

Not 
incub. 1.04 55 

(-34)* 
21 

TABLE XXXIII 

DISAPPEARANCE (DIS.) OF CORTICOSTERONE 

IN THE PRESENCE OF RAT PLACENTA 

~ 4-3-ketone grouping 

% Dis. 
corr'd 

% for loss of % 
Total steroid inc. Dis./gm. Total 
Dis.ug alone (gfo) (corr'd) Dis .ug 

38 29 26 73 
(-50)* 

18 9 g 22 
. 

21 12 12 45 
(-36)* 

8 0 0 9 
------ ----- -

alpha-ketol group 

% Dis. 
corr'd 

% for loss of % 
Total steroid inc. Dis/ gm. 
Dis. alone (5%) (cor r'd ) 

2g 23 21 

9 4 4 

18 13 13 . 

4 0 0 
-

* Amounts of corticosterone recovered from homogenates of placenta! tissue aft·er incubation or 

standing in solution of corticosterone. 

1--' 
()'. 
~ 
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13 and 12%/gm. of tissue to zero values. 

4· Summarx 

A) Rat placental tissue did not secrete aldosterone,cortico

sterone or any other ~4-3-ketonic steroids of similar polari ty in 

measurable amounts when incubated under 'in vitro' conditions. 

B) The addition of rat placental tissue to incubations of 

adrenal glands obtained from male and female rats resulted in a 

decrease in the quantities of ~4-3-ketone steroids isolated from 

the incubation media. This effect was increased following 

addition of greater quantities of placental tissue. 

C) Subsequent .incubations of rat placenta with corticosterone 

suggest · that the above effect of placental tissue may have been 

partly due to an adsorption or concentration of corticosteroids 

by this tissue. This adsorption appeared to be increased as· a 

result of incubation. Any metabolism of corticosterone per unit 

weight of placental tissue which may have occurred was slight in 

comparison with that observed with rat liver tissue under similar 

incubation conditions. 
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DISCUSSION 

There is an accumulation of evidence suggesting increased 

adrenal function in human pregnancy. Normal women show during 

gestation increased blood 17-hydroxycorticosteroids and urinary 

glucocorticoids (20)(21)(22) and a marked rise in aldosterone 

excretion (25)(27)(28). In earlier studies women with adrenal 

insufficiency were reported also to excrete greater amounts af 

corticoids in the last trimester of pregnancy (40)(45); the 

source of these steroids was refractory to ACTH stimulation 

and presumed to be the placenta ( 24) ( 40). Moreover both Addison -

ian women and patients with rheumatoid arthritis, a disease 

also associated with decreased adrenal function, were observed 

generally to have increased well-being while pregnant (31)(32) 

(44). 

The observations in the normal pregnant women tended to in

dicate an increased adrenal activity; those in adrenal deficient 

women suggested that an extra-adrenal source of corticosteroids 

may exis t during pregnancy. This source would presumably be either 

the placenta or fetal adrenals, or both. 

The above findings served as the basis for experiments carried 

out in the present study. These were des i gned to investigate the 

s ource (s ) of cort icost eroids produced. in pregn~.ncy and special 

cons ider~.tion was given to the placenta. Since levels of cort

icostero i ds in blood and urine are dependent not only on rate of 

production but al so on rate of met abolism a nd c l earan ce (58)(59) 

it would be necessary to evaluate ·as well the role of metabolism 
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of corticosteroids in pregnancy. Within the past 3 years much 

information has been gained regarding the production and metab-

olism of corticosteroids in human pregnancy; very little is 

known about adrenal cortical function during gestation in the 

rat and other species of animals. 

A. Investigations of placental function with respect to 
corticosteroid production under 'in vitro' conditions 

The possibility that the placenta may elaborate adrenal 

cortical hormones has been investigated by a number of workers. 

Corticosteroids were first isolated from extracts of placental 

tissue by De Courcy et al (173) who obtained about 100 ug. of 

cortisone and traces of other A4-3-ketonic steroids per plac

enta, and subsequently by others (174)(176). Recently Berliner 

et al (177) have isolated 9 UV light absorbing substances includ

ing compounds E, THE, A and F in amounts of 90, 6, 45 and 6 ug./kg. 

placental tissue, respectively. 

bimilarly, in the present study corticosteroids were obtained 

merely by extraction of portions of 2 placentae. From 1 placenta 

33.00 ug. of cortisone, 1.86 ug. of hydrocortisone and 8.25 ug. 

of a compound 4, were isolated /100 gm. tissue. No detectable 

amount of c21o4 corticosteroids could be found. Another placenta 

yielded 12.80 ug. cor ti sone /lOO gm. tissue but not the other 

steroids of similar polarity. Aldosterone was not detected in 

these studies perhaps because too little tissue, approximately 

lOO gm., was extracted. This is supported by the findings of 

Berliner et al 1-vho obtained only 3 ug. aldosterone /kg. tissue 

(177). The unidentified compound x1 was of interest because it 

had chromatographie mobility similar to aldosterone in the 3 
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systems used. It may have been a mixture containing relatively 

small amounts of aldosterone but the major component did not 

reàuce blue tetrazolium and did not show Na-retaining activity 

when bioassayed. Compound X1 may have been identical to either 

of compounds II or III which have been isolated from human ur

ine by Nowaczynski et al (285); the latter compounds have sim-

ilar chromatographie mobility and also do not possess an alpha

ketolic group. Since compound III has shown K excreting activity 

when assayed in rats (lOO) it would be of interest to determine 

whether compound x1 has a similar effect. 

Of the 3 other unidentified UV light absorbing compounds 

only x4 appears to have been aÀ4-3-ketonic steroid by virtue 

of its maximum at 240 mp in ethanol. Compound x
3 

was present 

in greatest amount of all the unknown substances; its maximum 

of UV absorption was at 272 ~ in ethanol. This property and 

its H2S04 spectrum were similar to those reported for a substance 

F3B2 described by Berliner et al (177). The latter group isolated 

it also from extracts of ovary and from plasma of pregnant and 

non-pregnant women. Its chemical properties and occurrence sugg-

est that compound x3 may have been an oestrogen. 

Although in the present study and in those of other workers 

(127) there was variation in the quantity of corticosteroids 

present in different placenta it was apparent 'in the present ex

periments that the amounts of 17-hydroxycorticosteroids isolated 

from placental tissue were increased above the quantity which 

might be expected on the basis of blood content alone even when 

one considers that these steroids are elevated in the maternal 
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circulation. In the last trimester 17-hydroxycorticosteroids 

may approach 50 ug./100 ml. plasma and upon administration of 

ACTH a further increase to a range from 70 to 110 ug./100 ml. 

has been observed (2S9). A calculation of the amount of 17-

hydroxycorticosteroids present in placental tissue assuming a 

high level of 100 ug./100 ml. blood and that 10% of the weight 

of placenta is due to its blood content (17S) indicates that 

100 gm. of tissue might contain as much as 10 ug. of these ster

oids derived from the maternal circulation. This would be true 

if no attempt were made to remove any blood content. But plac

ental tissue in the present study was freed from its blood cont

ent as rouch as possibly and still 33 and 12 ug. quantities of 

cortisone /lOO §m. of tissue were isolated simply by extraction. 

This suggests that if the 17-hydroxycorticosteroids are not de

rived from placental production 'in vivo' they must in sorne way 

be concentrated within the latter tissue from the maternal circ

ulation. The latter theory has been tested by Salhanick et al 

(160). They administered radioactive cortisone to a pregnant 

woman just before delivery and found subsequently that the spec

ifie activity in placental blood was more than twice that in the 

maternal peripheral circulation. This suggests that a rather rapid 

me chanism exists for the concentration by placental tissue of 

corticosteroids administered to the mother and that the 17-hydroxy

corticosteroids present in the placenta are not necessarily elab

orated by this organ. 

The latter observation seems to be in accordance with the 

results obtained in the present incubations of minced human plac-
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ental tissue. In the experiments described no increase in the 

'in vitro' production of cortisone, the predominant placental 

corticosteroid, or of that of a compound with similar polarity, 

x1 , could be detected during incubation of placental tissue 

a1one. Nei th er were the se compounds increas8d fo llo·;~~:icg the 

addition of various trop hic f ac.tors su ch as human chorionic 

gonadotrophin, ACTH and prolactin, to the incubation media. The 

addition of similar quantities of ACTH, on the other hand, to 

incubations of adrenal tissue would have resulted in near max

imal stimulation of steroidogenesis. Placental tissue, moreover, 

contains appreciable quantitie s of an endogenous substance with 

ACTH-activity (131)(132){133). Even the addition of known pre

cursors of adrenal cortical hormones, cholesterol and A5-preg

nene-3~-o\ -20-one to these incubations of human placenta did 

not stimulate a production of corticosteroids whereas the amounts 

of progesterone were increased un der s imilar conditions. Wh ile 

the quanti tie s ôf ·compound xl ·-appeàred to bè ùnaJ:tered during 

incubation those of cortisone actually decreased. This decrease 

of cortisone was apparent1y due in part to a conversion to hydro

cortisone sïnce the quantities of hydrocortisone in the same sam

ple of incubated tissue were increased above the amount that could 

be extracted from the non-incubated control sample. In one exper

iment approximately one-half of the corti sone disappeared, sorne 

in part due to conversion to hydrocortisone and sorne was appar

ently metabo1ized to still more polar alpha-keto1ic material 

consisting presumably of compounds THF and/or THE. In another 

experiment the conversion to hydrocortisone was only slight and 
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it appeared to be partly dependent upon the initial placental 

concentration of cortisone. A report that has just been published 

by Endroczi et al (286) gives findings which are similar in a 

number of respects to those obtained in the present study. These 

authors incubated homogenates of full term human placenta and 

also could not obtain an increase of corticosteroid content dur

ing incubation of tissue alone ar follovdn~ the addition of ACTH 

and chorionic gonadotrophin. At variance with the present observ

ations Endroczi et al (286) were not able to isolate hydrocort

isone from their incubations even when cortisone was added to 

the medium. This disagreement may have been due to differences 

in placental preparations or in the extent of removal of blood 

content prior to incubation or, perhaps, to the fact that caes

arian section placentae were used in the present study but full 

term tissue in the other. 

'1he present studies, nevertheless, offer an explanation for 

the finding of much larger amounts of cortisone in placenta than 

of hydrocortisone if it is only a question of concentration by 

placental tissue of maternal 17-hydroxycorticosteroids. Upon the 

addition of relatively large amounts of hydrocortisone to incub

ations à significant conversion to cortisone was observed. Similar 

observations wer e reported by Endroczi et al (286). Since placental 

tissue is capable of converting hydrocortisone to cortisone 'in 

vitro' it may also perform this conversion 'in vivo'. 

The l atter observation is not necessarily in conflict with 

the one previous ly described of conv er sion of cortisone to hydro

cortisone. The interconversion of the se compounds is under the 
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influence of a llfo-hydroxysteroid dehydrogenase and is a re

versible reaction (74). ;l'he direction of conversion would depend, 

therefare, upon the relative concentrations of the 2 steroids in 

the particular system studie d. This inter conversion is, however, 

not unique to placent al tissue. It has been previously danon

strated that administration of either of compounds E or F to 

non-pregnant humans results in the urinary excretion of the other 

steroid (43). The site of conversion is presumed to be the liver 

but according to reports of Berliner et al (287) other tissues 

may also be involved since they incubated loose connective tissue 

from rats with hydrocortisone and observed a transformation to 

cortisone. 

Placental tissue when converted to a mince (or homogenate) 

do es not appear, therefor e, to have an inn a te capaci ty to pro duce 

corticosteroids, including aldosterone, vmen incubated under 'in 

vitro' conditions. Neither could ACTH or certain other trophic 

hormones induce corticosterddogenesis when added to incubations 

of placental tissue. Certain transformations of corticosteroids 

present in the placenta may occur, however, as a result of in

cubation. Similar observations were made by Pincus and his co

workers (127) with control and ACTH-stimulated perfusions of 

human placentae. The addition of radioactive progesterone to 

the perfusions,moreover, did not result in the appearance of 

radioactivity in the hydrocortisone and more polar fractions. 

The latter observation, however, disagrees with the finding of 

Endroczi et al (286) of i ncreased amounts of cortisone and othe r 

~4-3-ketonic steroids in the medium following incubation of 
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placenta! tissue homogenates with progesterone. 

On the other hand, Little and Rossi (175) reported a prod

uction of Porter-Silber (PS) reactive material during incubations 

of minced human placenta! tissue alone. The experimental tech

niques employed would, however, cast doubt on the validity of 

their conclusions. Stronger evidence for elaboration of PS re

active substances by human placentae (full term) has been de

scribed in an abstract published by Troen ~184) but details of 

these experimenta have not yet been reported. The placentae were 

perfused in Tyrode's solution for up to 12 hours and a range 

from 0.75 to 14.9 (mean 8.2) mgm. of PS positive compound(s) was 

obtained per placentae. ~xtraction of placenta! tissue yielded 

less than l/20th of the amount of this material obtained from 

perfusates. The PS reactive material consisted presumably of 

compounds E,F, THE, THF and s. This author considers that the 

human placenta can produce and conjugate corticosteroids.Since 

aldosterone doe s not give the Porter-Silber reaction it · is not 

known whether it was also produced during these perfusions. 

The latter results are certainly at variance with those ob

tained in the present study and those reported by others (127) 

(286). Gan they be due to differences in the preparation of plac

enta! tissue used for study? Admittedly placenta! minces and hom

ogenates would probably be weaker systems for steroidogenesis 

than intact perfused placenta. Ad.renal tissue, however, whether 

mi~ced, sliced, homogenated or perfused intact can produce cort

ical hormones under similar 'in vitro' conditions. But the texture 

of placenta! and adrenal tissue is very different. Pincus et al 
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(127) however, could not observe corticosteroidogenesis in 

their placental perfusion studies in contrast with the findings 

of Troen. 1'hey, however, used beef-blood for perfusion while 

the latter used an artificial medium and this difference may 

account for the conflicting results since a blood perfusion may 

have favoured metabolism rather than secretion of corticosteroids. 

All the observations described above were made under 'in 

vitro' conditions and it is necessary to relate them to findings 

obtained in 'in vivo' studies since the latter would give a more 

physiological and more accurate picture of what is actually 

occurring in the human being during pregnancy. 

B. The production of aldosterone in human pregnancy 

The most recent studies on totally adrenalectomized or Addis

onian women during pregnancy (30)(48) have demonstrated that the 

placenta is not a source of any significant quantities of aldo

sterone during human pregnancy and neither are tre fetal adrenal 

glands. The greatly increased quanti ties of aldosterone in preg

nancy urine, especially during the last trimester when they may 

approach 100 ug./24 hours whereas normal non-pregnancy urine 

usually contains less than 10 ug. /day, must rather be derived 

from maternal adrenal activity. 

Similarly in the present study one totally adrenalectomized 

woman receiving corticosteroid replacement therapy did not ex

crete any significant quantities, less than 1.5 ug./ gm. creat

inine, of Na-retaining hormone in the 6th, 8th and 9th months of 

her pregnancy and 4 days after delivery. A determination made in 
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the present study on another similar patient in her 9th month 

of pregnancy, however, showed the presence of 13 ug. Na-retain

ing hormone in the urine. This value although well below the 

amount observed in normal pregnancy urine in the last trimester 

is still appreciable, being more than the amount excreted by 

normal non-pregnant subjects. What could be the source of this 

Na-retaining substance which, presumably was aldosterone? It is 

not likely to be either the placenta or foetal adrenals since 

neither of these glands appears to be a source of similarly large 

quantities in other adrenal deficient pregnant women. Neither is 

it likely that the aldosterone would be derived from metabolism 

of the steroids which were administereà as therapy in this part

icular patient but not in other adrenalectomized individuals 

similarly treated. Rather if this finding of 13 ug. aldosterone/ 

gm. of creatinine (per day) is a valid one it may be that its 

source was regenerated adrenal tissue. The presence of regener

ated adrenal tissue in patients sorne time following 'total' 

adrenalectomy for Cushing's syndrome is not too rare (lOO). 

In studies recently published by Jones et al (288) H3-aldo

sterone was injected into both non-pregnant vvomen and those in 

the last trimester of gestation. From the specifie activity of 

the urinary aldosterone released by acid hydrolysis and the value 

of the radioactive dose the secretion rate of aldosterone could 

be calculated. This technique showed that there is an increased 

rate of secretion of aldosterone in sorne pregnant women. But these 

investiga tors have r eported also that the finding of increased 

urinary aldosterone during pregnancy is in sorne women due in large 
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part and, in others, apparently entirely to an alteration in 

the route of metabolism of this particular hormone. The amounts 

of free aldosterone extractable at neutral pH, are not increased 

in pregnancy urine but the quantities of aldosterone extractable 

following pH 1 acid hydrolysis are markedly elevated in the last 

trimester. This acid hydrolysis apparently releases aldosterone 

from a loose combination with an unknown substance (sulphate?). 

Since the aldosterone which is thus liberated retains its bio

logical activity this route of conjugation which is apparently 

selectively increased in human pregnancy does not involve a 

prior reduction of the-6.4-3-ketone grouping in ring A as would 

conjugation with glucuronic acid. The latter pathway of metab

olism of aldosterone was reported to be considerably decreased 

during pregnancy but the overall rate of metabolism of aldoster

one does not, however, appear to be significantly altered in 

pregnant women. 

It is of interest that those subjects studie d by Jones et 

al (288) who did secrete increased amounts of aldosterone during 

gestation did not a t the same time show clinical signs of hyper

aldosteronism, e.g. oedema, hypertension, as do patients with 

diseases associated with similarly high aldosterone excretion. 

It would appear as if the state of pregnancy offered · a protection 

and according to Jotles et al and Landau and Lugibihl (183) it may 

be the greatly increased production of progesterone, a Na-excret

ing substance, which is responsible for this beneficial effect 

in pregnant women. 

Moreover, as observed in the present study on adrertalectomized 
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pregnant women and in those of other investigators lJO) an in

creased production of aldosterone is not a prerequisite for .a 

successful gestation and delivery. 

C. The production of 17-hydroxycorticosteroids in 
human pregnancy 

A number of aspects of the production and metabolism of 

1]-hydroxycorticosteroids in human pregnancy have similarly 

been elucidated by investigations carried out within the past 

few years. 

In the present study 2 tot ally adrenalectomized patients 

receiving corticosteroid replacement therapy and one normal 

woman showed in the last trimester of pregnancy values for total 

urinary 17-hydroxycorticosteroids which were within the range 

for normal non-pregnant women. Moreover, the pattern of urinary 

corticosteroids with respect to both the A 4-3-ketone and alpha

ketolic steroid components was in t he normal pregnant subject 

qualitatively similar to those obtained for non-pregnant normals. 

The adrenale ctomiz ed women also showed cor tic os tero id excretion 

patterns which with respe ct to the c21o5 alpha-ketolic steroids 

were qualitatively similar to those observed for normal subjects. 

It would be reasonable to assume that the steroids present in 

the uri ne of these patients were derived, at l east predominantly, 

from the hormone therapy administered. One of these cases, how

ever, also showed relatively large quantities of less polar 

alpha-ketolic steroids in a urine spe cimen colle cted in the 9th 

month of pre~ancy when she was receiving both hydrocortisone and 
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9-~ -fluoro-hydrocortisone as replacement therapy. It is not 

likely that these unidentified compounds were derived from the 

administered hydrocortisone since the metabolism of the latter 

steroid is similar to that of cortisone (43) and the administ

ration of cortisone to a non-pregnant adrenalectomized woman in 

the present study did not appear to result in a urinary excretion 

of comparable amounts of these less polar alpha-ketolic steroids. 

In pregnancy, however, the metabolism of administered hydrocortis

one may be altered, perhaps due to the presence of the placenta 

and/or foetal adrenals. It is not likely eitber that t~ese blue 

tetrazolium reactive steroids were derived from the 9- o(-fluoro

hydrocortisone since they did not appear in comparable amounts 

in the urine of another similar patient who re ce iv ed s till gre at

er quantities of the fluorinated hydrocortisone. The possibility 

must also be considered that these less polar alpha-ketolic ster

oids may have been secreted by regenerated adrenal cortical tissue 

especially since this patient excreted as well appreciable amounts 

of Na-retaining hormone at the same time. Moreover, the latter in

dividual continued to excrete aldosterone after termination or 
her pregnancy. 

In the present study 3 normal subjects excreted quantities 

of cortisone plus hydrocortisone which ranged from l/8th to l/12th 

of those of compounds THF plus THE while a normal pregnant subject 

excreted relatively more of the free steroids, the amcunt being 

l/4th of tho se of the reduced metabolites. Even great er propor

tions of the free 17-hydroxycorticosteroids relative to those of 

their ring A reduced metabolites appeared in the urine of 2 
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total1y adrenalectomized pregnant patients. But this further 

change from the normal non-pregnancy pattern may have not been 

due · . entire1y to the condition of pregnancy but in part, a1so, 

to the character of therapy adrninister ed. The present urinary 

studies tended, neverthe1ess, to suggest that a reduced rate of 

reduction of the6.4-3-ketone grouping in ring A of the 17-hydroxy

corticosteroids occurs during pregnancy. One of the pregnant adren

a1ectomized women, moreover, continued to show this pattern of 

corticosteroid metabolism 4 days after delivery. A similar find

ing has recently been reported by Christy et al (289). Migeon 

et al (89) were, however, the first to describe this alteration 

in 17-hydroxycorticosteroid metabolism during pregnancy. They 

administered C-14-hydrocortisone to both non-pregnant women and 

those in the last trimester of gestation and observed a reduced 

clearance of radioactive steroid from the plasma in the latter 

subjects. This delayed clearance in pregnancy was associated 

with a urinary excretion of increased amounts of radioactive 

steroid in the free fraction but decreased quantities in the 

conjugated fraction in comparison with the pattern of cortic-

os teroid excretion obs erved in the non-pregnant indiv iduals. 

Mige on et al, therefore, c oncluded tha t the appearanc e of in

creased quantities of 17-hydroxycorticosteroids in the blood 

and urine of pregnant women is due at least in part to a de

creased metabo1ism of the se ster oids duri ng gestation. Others 

have subsequent1y reported similar observations (90) (50) (289}. 

It is now apparent according to the findings of Taliaferro (93) 

and others (94) that this de1ayed metabolism of 17-hydroxycort-
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icosteroids in pregnancy is related to the increased levels of 

oestrogens produced during gestation. A reduced turnover rate 

of administered hydrocortisone in newborn infants {91) has 

similarly been associated with increased levels of oestrogens. 

The manner in which the oestrogens exert this influence is not 

yet clear. lt has been reported that these sex hormones in

crease the protein binding of corticosteroids (lOO) and thus 

presumably render them less available to destruction by the 

liver but Daughaday et al (290) could not observe this effect. 

According to Cohen et al{50) oestrogens may be implicated in 

the tendency for 17-hydroxycorti co stero ids to be retained wi th

in the intravascular compartment during pregnancy. This latter 

observation would offer an exp1anation for the failure of preg

nant women to show marke d si~ns of Cushing' s syndrome in the 

presence of much increased levels of gluco-corticoids in the 

circulation. Do the oestrogens, however, exert their influence 

on 17-hydroxycorticosteroid metabolism at the level of liver 

function? They may induce a decrease in the reduction of the 

~4-3-ketone grouping in ring A of the corticosteroid molecule. 

Glenn as reported by Cohen et al {50) found that oestrogens in

hi bi ted the degradation of hydro cor tiso ne wh en both s teroids 

were incubated with a liver microsome supernatant fraction. 

These findings with a pur ified fraction of rat liver tissue, 

'in vitro', do not necessarily represent, however, what is 

happening in the human being. On the other hand it may be the 

step involving conjugation with glucuronic acid which is im

paired in pregnancy since Christy et al (289) observed a delayed 
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clearance of compound THE when it was administered to pregnant 

women. Another hypothesis suggested by Jones et al (288) is 

that an interference of the reduction of 17-hydroxycorticost

eroids by liver tissue may result during pregnancy because of 

a preferential metabolism of the greatly increased amounts of 

progesterone 't·rhich are produced during gestation. 

The most recent findings reported by ~ittle et al (49) and 

others (47)(48)(50) on adrenal deficient pregnant women tend 

to indicate indirectly that the maternal adrenal glands must 

be the predominant if not the only source of corticosteroids 

in pregnancy. They exclude the possibility of any significant 

production of 17-hydroxycorticosteroids by placenta or foetal 

adrenal glands during gestation. The latter findings would be 

in agreement wit h the observations made in the present study 

with incubations of human placenta and thoooreported by certain 

other investigators (286) (127). On the other hand, as previous

ly mentioned, Troen (184) has reported a considerable production 

of Porter-Silber reactive, presumably hydrocortisone-like, ster

oids during prolonged perfusions of unstimulated placentae with 

Tyrodes · .. 89lution • Sin ce the pla centa can apparen tl y produce 

significant amounts (average of 8 mgm./placenta/12 hours) of 

corticosteroids under 'in vitro' conditions it might be expected 

that similarly large or even larger quantities could be elabor

ated 'in vivo'. But this appears not to be the case since 

attempts to remove corticosteroid replacement therapy in ad

renal deficient women during pregnancy have generally precip-

i tated s igns of ac ut e a dr en al insuf fi ciency ( 42) ( 49) ( 47). 
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Although sorne investigators have reported no increase in 

the secretion rate of 17-hydroxycorticosteroids during preg

nancy (50) others including Christy et al (289) consider that 

the increased blood corticosteroid levels cannot be entirely 

accounted for by decreased metabolism during gestation. Jones 

et al (288), moreover, have pointed out that although the rate 

of corticosteroid metabolism is reduced in sorne conditions of 

cirrhosis the plasma 17-hydroxycorticosteroid levels are normal 

perhaps because adrenal secretion of these steroids is reduced 

in or der to maint ain this normal state. In pregnancy, on the 

other hand, plasma and urinary free 17-hydroxycorticosteroids 

are increased above normal levels in the face of a reduced 

clearance of these steroids from the circulation. It would 

appear, therefore, as if adrenal secretion of 17-hydroxycortic

osteroids is maintained at a constant normal rate in pregnancy 

perhaps because the pituitary in this condition is less sens

itive to increased levels of these steroids in the circulation 

and continues to secrete ACTH. Earlier histological studies (55) 

on adrenal glands from pregnant women and, more recently, studies 

by Whitely and Stoner (56) did not, however, show evidence for 

any changes in these glands which might suggest an increased 

activity or an abnormal stimulation by ACTH. 

It may be as postulated by Jones et al (288) that an in

creased secretion rate of aldosterone, a decreased sensitivity 

of the kidney to the action of aldosterone, the reduced rate 

of metabolism of hydrocortisone and the accompanying stimulation 

of hydrocortisone secretion to maintain the raised blood con-
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concentrations are all correlated, being all due to the increas

ed progesterone output in human pregnancy. This idea is support

ad by their observation o.f a close relat:ionship between the 

aldosterone secretion rate and pregnanediol excretion ~n pregnant 

women. 

D. The production of progesterone in human pregnancy 

Considerable evidence of indirect nature_has accumulated 

which indicates that the production of progesterone is greatly 

increased in pregnant women. This evidence consists primarily 

of the finding of progressively increased quantities of pregnan

ediol, the major metabolite of progesterone, in the urine during 

gestation (105). Other derivatives of progesterone, pregnanol

ones, are also excreted in progressively greater amounts through

out the course of pregnancy (149). During the early part of human 

gestation progesterone is derived mainly from the secretion of 

t~ corpus luteum. This secretory function of the corpus luteum 

is maintained throughout early pregnan cy and is under the influ

ence of the chorionic gonadotrophin (HCG). By the 4th or 5th 

month of gestation there is regression of the corpus luteum and 

a decrease in the urinary excretion of HCG to low but constant 

levels. The quantities of pregnanediol in the urine continue, 

however, to increase progressively to term (149). The follo~~ng 

observations suggest that the source of this progesterone prod

uced in the latter half of pregnancy must be the placenta. 

The possibility that maternal adrenal glands are a predom

inant source of progesterone during gestation can be excluded 

since in the present study and in those reported by ethers (40) 
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(45) adrenal deficient women (totally adrenalectomized or 

Addisonian) were found to excrete essentially normal amounts of 

pregnanediol during pregnancy. Three cases in which the corpus 

luteum was removed before the 4th month of pregnancy excreted 

somewhat subnormal amounts of pregnanediol but each pregnancy 

went to term (262). Appleby and Norymberski (51) found that preg-

nanediol excretion remained increased in 5 cases of intrauterine 

death. The latter observation suggests that the fetal adrenals 

are not an important source of progesterone during human gestat

ion. Moreover, the finding that the concentration of progesterone 

in placental blood is about 4 times that in the maternal periph

eral circulation also suggests a placental elaboration of this 

steroid ( 156). 

According to Pearlman (159) who administere~bH3 -progesterone 

to women in the last trimester of gestation the endogenous prod

uction of progesterone as estimated by isotopie dilution studies 

approaches a rate of 250 mgm./day in late pregnancy. Extracts of 

placental tissue, however, yield surprisingly low quantities of 

progesterone. In earlier attempts {158) only from 0 to 1 mgm. of 

progesterone/kg. of full term placental tissue could be isolated. 

Haskins (157) found that placentae obtained by caesarian section 

contained on the average more than twice as much of progesterone 

as those obtained at term. A similar observation was apparent in 

the present study since 1.83 and 2.55 mgrn. progesterone/kg. tissue 

were obtained by extraction of placentae removed at the time of 

caesarian section in comparison with 0.98 mgrn./ig isolated by 

Berliner et al 1177) from full term tissue. 
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These quantities of progesterone are very low when the 

daily excretion of metabolites of progesterone in late pregnancy 

is considered and suggest that the progesterone which is prod

uced 'in vivo' must be rapidly secreted into the circulation and 

rnetabolized. Further evidence for this is afforded by the pres

ence of only very small quantities of progesterone itself in the 

maternal circulation throughout gestation (154). The concentra

tions of pregnanediol in the peripheral circulation are somewhat 

increased in the last trimester (155). 

In the present studies it was not possible to demonstrate 

a continued 'in vitro' production of progesterone during incub

ations of minced human placental tissue alone since the total 

amount of progesterone obtained from incubated tissue was not 

increased above the quantity which could be obtained merely by 

the extraction of the tissue. The addition of HCG, ACTH and 

prolactin did not a ppear to stimulate an increa sed production of 

progesterone by placent al tissue wher eas HCG stimula tes a corpora 

luteal secretion of progesterone 'in vivo' (149). The possibil

ity tha t in the present experiments the amounts of HCG added 

were too small to be effective has to be considered. Since plac

ental tissue already contains an average of 20 U HCG/gm. accord

ing to reports of Diczfalusy (126) the additi on of 7 and 10 U/gm. 

quantities might not be expected to have any inf luence. In an ex

periment when 32 U/gm. were added to the incubation medium of 

one portion of tis sue there was st i ll no increa se above control 

levels i n the amount of pro ges t erone subse quentl y obtained from 
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the media. Endroczi et al (286) also could not obtain a stim

ulation of progesterone production following the addition of 

HCG or ACTH to incubations of human placental homogenates. 

Prolactin is used clinically to induce lactation in sorne 

women following delivery (282). It is considered to be ident

ical to 1uteotrophin which is necessary for the production of 

progesterone by the corpus luteurn in hypophysectomiz ed rats 

after they have been properly primed with FSH and LH hormones 

(lOO). Prolactin was therefore incubated with placental tissue 

in the present study over a 6 hour period. This did not result 

in an increase of progesterone concentration above the amount 

which was obtained from the control sample of placental tissue. 

Thus, it would appear that placental tissue under the incub

ation systems used in the present study did not have an innate 

.capacity to produce prog esterone. Homogenates of placental tissue 

are also inactive in this respect (286). On the other hand, 

Hagopian et al (172) published preliminary finding s which indic

ated that steroids with polarity of progesterone were elaborated 

in increased quant itie s following the a ddition of ACTH to per

fusions of placenta. The extent of the increase was not given. 

These steroids subsequently were found to consist not of prog

esterone but of 6- ketoprogesterone and an unidentified compound 

neither of which showed progestational activity. The add i tion of 

r .adioactive progesterone to the perfusions resulted in the appear

ance of radioactivity in the othe r 2 steroids indicating that 

they were derived from progesterone. There was no net increase 

in the amounts of progesterone produced during perfusion but 
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rather a decrease due apparently to metabolic transformations. 

At a 1956 conference on gestation Dr. Pincus (127) described 

more fully similar perfusions of human placentae obtained at 

caesarian section with bovine blood; full term placentae were 

apparently non-functional. Although thETe was considerable var

iation from one placenta to the other average figures were given 

which showed that a total of 0.70 mgm. of progesterone-like 

material was produced per placenta during 4 hours of perfusion. 

This is a very low value when one considers the quantities which 

the placenta must be producing 'in vivo', approximately 250 mgm. 

/day (159), in late pregnancy. Moreover, in the present studies, 

255 and 183 ug. of progesterone coulà be obtained merely by ex

tracting 100 gm. of placental tissue. Since as muchas 765 ug. 

of this steroid may be obtained from a normal sized, 300 gm., 

placenta by extraction alone it would appear, therefore, that 

the total production of 700 ug. of progesterone-like steroid 

during 4 hour perfusions is not very significant. In the latter 

perfusions the production of progesterone-fraction steroid was 

reported to be increased by the addition of both HCG and sheep 

pituitary gonadotrophin but the extent of the increase was not 

given. 

It would appear that an 'in vitro' production of progesterone 

from endogenous precursors in placental tissue is not easily de

monstrated as is the secretion of corticosteroids by adrenal cort

ical tissue under similar conditions. 

In the present study the addition of À 5-pregnene-3fi-oR -20-

one (pregnenolone) to an incubation of placental mince resulted 
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in the production of progesterone amounting to 357.79 ug./100 mn. 
tissue/hr. This conversion of pregneno1one to progesterone in

volves a simple oxidation of the 3/S- hydroxyl group to the corr

esponding 3-ketone and is under the influence of a 3;d- hydroxy

steroid dehydrogenase. The double bond subsequently shifts from 

theA 5 to the 1.::..4 position (74). This conversion has, however, 

previously been demonstrated with human placental tissue (163) 

and is not unique to placenta since other steroid producing 

glands, adrenals and testes (164) can also convert pregnenolone 

to progesterone under 'in vitro' conditions. 

v"v'hen cholesterol was incubated with placental tissue it was 

converted to progesterone at the rate of 31.33 ug./100 gm. of 

tissue/hour. This conversion was, however, much less than that 

observed with pregnenolone presumably because it involves more 

complex reactions. These would include the removal of 6 carbon 

atoms from the side chain at carbon 17 and an oxidation of the 

20 carbon a tom to form the À 5-pregnene-3fi -of -20-one intermed

iate (283). Once the latter is produced the transformation to 

progesterone presumab1y occurs readily. In the incubation system 

used in the present studies it would appear as if conversion of 

cholesterol to pregnenolone occurred only slowly and may have 

been the rate- limiting step in the conversion of the 27 carbon 

steroid to progesterone. Salomon et al (16 8) previously described 

at a 1954 meeting a similar conversion of cholesterol to progest

erone when the former steroid was added to the perfusion medium 

of human placentae. 
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E •• Adrenal function during pregnancy in the rat 

Comparatively little is known regarding the influence of 

pregnancy on adrenal function in the rat and other species of 

laboratory animals. The re are, hm·Iever, no histological changes 

in the adrenals of rats during gestation which might indicate 

an alteration in adrenal function during pregnancy (265)(200) 

(291} (201). Although sorne vmrkers have reported an increase in 

adrenal weight during pregnancy othars could not find any change 

(292) (201). It is of interest though tha t adrenal glands of 

female rats are approximately tv·lice as heavy as those of male 

rats, apparently due to the influence of oestrogens (235) (223). 

In the series of rats examined in the present study the 

weights of the adrenals of pregnant rats were similar to those 

of non-pregnant female rats. In vivo and 'in vitro' experiments 

were carried out to determine whether changes in the secretion 

rates of th e major gluco- and mineralocorticoid, corticosterone 

and aldosterone, respectively, could be demonstrated during 

pregnancy. These experiments included incubations under 'in vitro' 

conditions of adrenal glands from both pregnant and non-pregnant 

rats and als o the oo lle ct ion of adrenal venous blood for over a 

period of 1 hour from both groups of rats under nembutal anaes

thesia. 

The number of experiments was limited because of the diffic

ulty in obtaining at the same time a sufficient number of preg

nant rats and non-pregnant ones of similar age. The small arnount 

of adrenal tissue available in sorne of the incubations meant 

that the quantity of steroids secreted was measurable only within 

the lower limits of sensitivity of the chemical assays used. 
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There was usually a lapse of 1 to 2 months between incubation 

experiments before the appropriate number of animals became 

available. Extensive incubation studies wi th adrenal tissue of 

male rats carried out in this laboratory, however, have shown 

that the basal secretion rate of both aldosterone and cortic

osterone may vary over short periods of time and similar de

grees of variation were observed in the present incubation 

studi es with female rat adrenal tissue. 

In 4 experiment s when the adrenals were removed under ether 

anaesthesia the average secretion rate of oorticosterone in the 

first period of incubation was considerably greater than that 

observed in the 2 succeeding periods. This was noted in both 

pregnant and non-pregnant groups. This high initial secretion 

rate of corticosterone is probably related to the finding of 

Sayer (284) that ether anaesthesia stimulates a secretion of 

ACTH by the anterior pituitary since it was not observed when 

nembutal was used for the adrenalectomy. The total aver age out

put of corticosterone during the 5 hour period of incubation per 

gram of a c.î.renal tissue from pregnant and non-pregpant animals 

did not differ when the tissue was removed under ether anaesthe sia 

but with use of nembutal it was 48.32% less in pregnant groups. 

The secretion rates of aldosterone were measured in the sarr.e 

groups of rats. When ether was used the average secretion rate 

of aldosterone by adrenal tissue of -pregnant rats was 47.6% 

great er in the first pe :ci od of incubation but thereafter the 

differences between both groups of rats was negligible. The av

erage total secretion of aldosterone for the 5 hour period of 
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incubation was 16.63% greater for the adrenals of the pregnart, 

rats than for those of the non-pregnant animals. When nembutal 

was used as anaesthetic for adrenalectomy the aldosterone sec

retion rate of the adrenals from both groups was higher t han 

that observed under ether. Adrenal glands of pregnant rats, 

furthermore, secreted amounts of aldosterone /gm./hr. which 

were increased by 28.5, 44.9 and 25.8% above those secreted 

by adrenal tissue of non-pregnant rats in the 3 succeeding 

periods of in cu bat ion; the average tot al secretion of aldo ster

one over a five hour period was 34.37% greater for adrenals of 

pregnant rats than for those of non-pre gnant ones. 

The average r ate · of secretion of aldoster one relative to 

that of corti co sterone for adrenal tissue of pregnant rats was, 

therefore, only slightly greater than that observed for adrenals 

of non-pregnant groups when ether was used for adrenalectomy. 

This difference between both groups was, however, more marked 

with nembutal. A larger series of animals should be studied with 

nembutal before any conclusions could be drawn regarding differ

ences in rates of secretion of corti costerone and aldosterone in 

adrenals from non-pregpant and pregnant rats. There was, however, 

a tendency for the secretion rates of corticosterone to decrease 

more rapidly with t i me but for those of aldosterone to be simul

taneousl y increased i n the adrenals of the pregnant r at s . 

In vitro findings, however, may not always refle ct what is 

actually accurring in t he intact animal s i nce the excised tissue 

is removed from its blood supply whi ch may cont ain subs t ances 

that modify, that is, stimulate or depress, its fUnction 'in vivo'. 
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For these reasons it was decided to carry out collections of 

adrenal venous blood. 

These 'in vivo' studies required less animals and were com

pleted with in 6 vveeks time. It must be point ed out, however, 

that this technique involves the collection of adrenal venous 

blood from animals which are in astate of acute stress (186). 

Moreover, the response to stress with respect to adrenal activ-

ity may very well diff er in pregnant and non-pre~ant rats. In 

either condition adrenal function during stress may not accur

ately reflect tha t ac ti vit y in the normal animal at rest '( 96) ( 293) • 

Singer and Stack-Dunne (186) were nevertheless still able to show 

a further response to ACTH when it was administered to male rats 

similarly treated. Also Das Gupta and Giraud (187) were able to 

demoristrate an increased 'in vivo' secretion of aldosterone in 

male rats with induced nephrosis in comparison with untreated 

male rats with this technique whereas others (294) could not show 

the same effect with incubations of adrenal glands from similar 

groups of rats under 'in vitro' conditions. It was hoped in the 

present study that if any definitive change s in adrenal fun.ction 

occurred during pregnancy in the rat they could similarly be 

demonstrated. 

When 1 hour collections of adrenal venous blood from pregnant 

and non-pregna nt rats under nembutal anaesthe sia were subsequent

ly carried out it was found that the concentration of aldosterone 

and corticosterone wa s less in the a drenal venous blood of preg

nant rats than in that of non-pregnant ones. The differences in 

both aldosterone and corticosterone content between tm 2 groups 
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were statistically significant when the steroid secretion rates 

were related to total body weigh t and to unit adrenal weip-,ht 

but were not signifie ant when expressed simply per rat or pa:

unit blood volume collected. 

Both 'in vivo' and 'in vitro' experiments, therefore, show

ed a tendency for the rate of secretion of corticosterone to be 

decreased in pregnant rats. The aldosterone content in adrenal 

venous blood of pregnant rats was also decreased in comparison 

with that present in blood collected from non-pregnant rats. 

In vitro, however, there was a tendency for the average rate of 

secretion of aldo st erone to be greater in incubations of adrenal 

glands from pre?:71ant rats than in those not preg;nan t when the 

adrenal tissue was removed under membutal anaesthesia. In the 

latter ·experiments there appeared, therefore, a tendency for 

the average rate of secretion of al dosterone relative to that 

of corticosterone to be greater in the pregnant group of rats. 

This effect was not, however, observed in the 'in vivo' study 

perhaps because it may have been masked by th e condition of stress 

in the latter experiments. This stress (despite the use of nem

butal ana~sthesia) would induce increased se cr etion of ACTH. 

~ihile t his hormone shows sorne stimulation of aldosterone sec

rètion in t he rat both ' i n v i vo' and under ' i n vitro' condi tions 

(à) its capacity to stimulate the secreti on of corticowterone is 

much more pronounced. 

The present author knows of no simil ar i nvestigations on ad

renal function i n the pr egnant rat which may have been carried 

out by other workers. There is, however, a consi àerable amount 
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of literature regarding the effect of oestrogens on rat adrenal 

histology and function which may be pertinant to the results 

described above since oestrogens are known to influence adrenal 

function in hum an pre gnan cy. 

The administration of oestrogens to male or female rats wi 11 

result in adrenal hypertrophy only under certain conditions and 

the presence of the pituitary is necessary for this effect (265). 

Deanesly (229) noted that oestrogenization of male rats leads 

in early stages to cortical enlargement and in the latter stages 

to atrophie cha~~es as a consequence of disorganization of pit

uitary function. Vogt (231) found that the administration of 

hexoestrol to rats led to a decreased secretion of corticosterone 

into adrenal venous blood of male rats. She postulated that this 

oestrog en effect was due to an inhibition of cholesterol synthes

is. 'l'he latter would result in a decreased stero id synthe sis and 

a consequent i ncre as e of stimula tion to the pituitary to secrete 

ACTH. The final outcome would be hypertrophy and hyperplasia but 

diminished steroid secretion. It has subsequently been reported 

(293), however, that administration of oestrogen actually in

creases the basal secretion rate of certain cortico s teroids in

cluding corticosterone when rats are kept f ree from any stress. 

This obs ervation was made indire~ly and was dependent upon the 

finding of increased stores of cort i costeroids i n adrenal tissue 

of unstressed rats following oestrogen administration. In con- 

ditions of stress, however, as during collections of adrenal 

venous bl ood f rom rats, Holzbauer (96) observed that oestrogens 

have an opposite effect, inducing a decreased secretion of cort-



196 

icosterone. Whether oestrogens exert similar effects on aldost

erone secretion rates was not determined. 

McKerns could find no inhibition by oestradiol of ACTH stim

ulated rat adrenal tissue incubated under 'in vitro' conditions 

when oestrogens were added directly to the medium (232). When, 

however, oestradiol was injected into male rats for a certain 

period of time and the adrenals subsequently removed for incub

ation a decreased secretion of corticosterone was observed (233). 

Since ethinyl oestradiol and stilbestrol had inhibitory effects 

in both types of experiments the authors concluded that the 

effect of the natural oestrogen on adrenal function was indirect 

and mediated by the antETior pituitary. The latter view is supp

orted by others (234)(235). rtccording to Gompertz (236) the 

oestrogens act by influencing both hypophyseal secretion of ACTH 

and adrenocnrtical sensitivity to ACTH. But the influence which 

the se sex hormones have on grov-rth of the adrenal cortex in re

sponse to ACTH is apparently not associated with a compensatory 

effect upon secretory activity. 

The tendency for the secretion rate of corticosterone to be 

reduced in pregnant rats in both 'in vivo' and 'in vitro' exper

iments carried out in the present study may be due at least in 

part to a similar influence of oestrogens produced in increased 

quantity during gestation. The observed differences in corticost

eroid secretion rates between pregnant and non-pregnant female 

rats were, however, not pronounced and te.nd to suggest that there 

is no marked alteration in adrenal function during pregnancy in 

the rat. Moreover, it has been reported (205) that after thel4th 
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of 21 days of gestation in the rat the presence of the adrenals 

is not necessary for a normal delivery presumably due to a life

maintaining influence of a corpora luteal secretion which appears 

to be progesterone (213)(214)(215). 

F. Studies with rat placenta 

In the present studi es rat placent al tissue did not secrete 

aldosterone, corticosterone or any other Â 4-3-ketonic steroids 

with similar polarity in measurable quantities, at least, when 

incubated under 'in vitro' conditions. This observation, with 

respect to aldosterone at any rate, would seem to agree with the 

report of Greep (247) and Hoffmann et al (248) that in the preg

nant rat the products of conception are not a source of any sub

stance which could influence water metabolism during gestation. 

lt was found also in the present study that the addition of 

rat placental tissue to incubations of adrenal glands obtained 

from male and female rats resulted in a decrease in the quant

ities of A 4-3-ketonic steroids subsequent ly iso lated from the 

incubation medium. This effect may have been due to a non-sel

ective inhibition of normal respiratory processes of the adrenal 

tissue in the presence of relatively large amounts of foreign 

tissue. Another possibility to be considered was whether or not 

the corticosteroids secreted into the medium were being metab

olized by placental tissue so that estimations of ~4-3-ketonic 

steroids shm'led a decrease. A third factor might be a possible 

concentration or adsorption of corticosteroids by placental 

tissue involving little or no metabolism of these steroids. The 
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last 2 possibilities were investigated in experiments in which 

placental tissue was incubated with corticosterone. the latter 

studies suggested that if any metabolism of added corticosterone 

did occur ·its extent per unit weight of placental tissue was 

slight in comparison with the activity of liver tissue under 

similar conditions. The observed inhibiting effect of placenta 

on corticosteroid levels during incubation with adrenal tissue 

appeared to have been partly due to an adsorption or concent

ration of the steroids by the placental tissue. This adsorption 

appeared to be increased as a result of incubation. The latter 

observations are of interest in the light of certain findings 

of Curry and Beaton (250). They reported that cortisone overdos-

age leads to certain degenerative biochemical changes in non-

pregnant rats but not to the same extent in pregnant ones. Although 

the placenta be came decreased in T,•reight its presence was necessary 

for this protective influence in pregnant rats. Ïhe authors post-

ulated that the rat placenta may bave a capacity to concentrate 
.. 

or metabolize adrenal hormones injected into the maternal circul-

a ti on. 

The failure to obtain a stimulation of adrenal cortical fun-

ction in the presence of rat placen tal tissue in the present 

study agrees with the finding of Greer C243) that no ACTH is 

produced by the rat placenta. It is not likely that the inhib-

itory effect was due to the oestrogen content in this tissue 

since according to Selye and McKeown (245) the rat placenta is 

not a source of oestrogens during gestation. If progesterone, 

a precursor of adrenal cortical hormones, were secreted by the 
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placenta! tissue into the incubation medium one would expect 

to obtain larger amounts of corticosteroids during incubations 

with adrenal tissue rather than less. But McKeown and Zuckerman 

(246) have reported that the corpus luteum is the predominant 

source of progesterone throughout gestation in the rat whereas 

in the human the placenta takes over this function in the latter 

half of pregnancy. 

G. Studi es on metabolism of corticosteroids in rat pregnancy 

Li ver tissue from pregnant and non-pregnant fern ale rats was 

incubated under 'in vitro' conditions with steroids in the pres

ent study to determine whether any difference in the rate of 

corticosteroid metabolism in pregnant rats could be demonstrateà 

directly at the level of li ver function. When corticos terone was 

used as the substrate the liver of pregnant rats was only about 

lo% more active in the 'in vitro' reduction of both the~4-3-

ketone and alpha-ketol groups than was liver of non-pregnant 

rats. The se differences although sligh t v.rere of statistical 

significance. Pregnancy liver tissue was also 50 and 28% more 

active in metabolism of the ~4-3-ketone and alpha-ketol groups, 

respectively, of aldosterone-21-monoacetate than was liver tissue 

of non-pre!mant rats. Liver of both groups metabolized cortic

osterone to a greater extent than the aldosterone deri~ative 

\vhen extent of reduction of ei ther the À 4-3-ketone or alpha

ketol groups is considered. Other investigators (?2) have also 

found that various corticosteroid substrates are metabolized by 

liver tissue at different rates under 'in vitro' conditions. 

Unfortunately, aldosterone it se.!bf was not availa ble in the re-
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quired amounts for the present studie s. 

If a similarly increased activity per unit weight of liver 

occurs 'in vivo' in pregnant rats it might be of greater im

portance when the 3o% increase in liver weight observed during 

gestation is taken into consideration. The latter increase was 

statistically significant and has also been observed by others 

(250). Berliner et al (287) have reported that loose connect

ive tissue in the rat is capable of metabolizing corticosteroids 

and it may well be that this small increase in liver activity 

of pregnant rats, if it occurs 'in vivo' as well may be insig

nificant. 

Yates et al (259) have reported that liver tissue from female 

rats when incubated 'in vitro' is from 2 to 10 times more active 

than male liver tissue in the reduction of ring A of a variety 

of corticosteroid substrates. I'Jhen oestrogens were injected into 

male or female rats it was obs erved during subsequent incub

ations of thei r liver tissue tha t the capacity to reduce cort

icosteroids became increased. Aaministration of testosterone 

to either sex of rats had the opposite effect. The authors 

concluded that oestrogens induced formation of the hepatic en

zymes which catalyse the reacti ons involved in the metabolism 

of the ring A iti stero i ds. It may be that àn increased el abor

ation of oestrogens in pregnancy \'Tas similarly implicated in 

the slight increase in extent of corticosteroid metabolism by 

i ncubated li ver tis sue of pr egn ant rat s i n compariso n with t hat 

of non-pregnant fem ale rats which was observed in t h e present 

study. At variance with the above hypothesis is the observation 



201 

of Glenn as reported by Cohen et al (50) that oestrogens in

hibited the degradation of hydrocortisone when both stero ids 

were incubated with a rat liver microsome supernatant fraction. 

The conflicting results may have been due to the different liver 

preparations used for incubation but are probably better explain

ed in the light of the following observations. l'ihen thyroid hor

mone is administered to rats the reducing activity of liver tissue 

becomes subsequently increased when incubated 'in vitro' with 

corticosteroids (260). This effect of thyroxin is presumably due -

to a stimulation of synthesis of hepatic enzymes which regulate 

the reduction of the A4-3-ketone grouping of steroids. According 

to Badawi and Soliman (295) oestrogens when adrninistered to male 

castrated rats induce an increased secretion of thyrotropin which 

in turn stimulates the production of thyroxin. It may be, there

fore, that the oestrogen effect observed by Yates et al (259) was 

an indirect one mediated by thyroid hormone. 

If this is so it might explain why opposite results were ob

tained (50) \vhen oestrogens were added directly to the incubation 

medium. Moreover, since thyroid activity is apparently increased 

in pregnancy (296) this may account for the increased re duc ing 

capacity observed in the present study with excised liver tissue 

from pregnant rats. Pregnancy liver tissue may contain greater 

levels of thyroid hormone than those present in the liver of non

pregnant rats. 
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S~~ARY AND CONCLUSIONS 

A. Incubations of Human Placentae 

Human placentae obtained at caesarian section were minced 

and incubated in Krebs-Ringer solution with the aim of demon-

strating a production of aldosterone and other corticosteroids 

under 'in vitro' conditions. 

Seven UV light absorbing compounds were isolated from the 

incubation media. These included cortisone, hydrocortisone, 

progesterone and 4 unidentified compounds. No detecta ble amounts 

of aldosterone, however, could be obt ained from the quantities 

of tissue used. 

The trophic hormones chorionic gonadotrophin, adrenocortic-

otrophin and prolactin did not appear to stDnulate the prod-

uction of progesterone or of the measured corticosteroids since 

their separate addition to the incubation medium of placental 

tissue did not increase the concentration of' these steroids 

above control levels. 

The quantity of all steroids isolated from the incubation 

media decreased with time of incubation. In the experimental 

system used, progesterone was not elaborated from any steroid 

precursors present in the placentae at the time of caesarian 

section since the total quanti ty of progesterone was not increas-

ed during the incubation of placental tissue above the amount 

which could be obtained mer ely by extraction.W'hen, · however, known 

precursors of adrenal cortical hormones, cholesterol · and 6. 5-

pregnene- 3 ..,8o{- 20-one, were added to the in cu bat ions the pro-
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gesterone content was increased above control levels., these 

increases corresponded to an 'in vitro' production of progest

erone at the rate of 31.33 and 357.79 ug./100 gm. tissue/hr., 

respectively. 

The more polar steroids, cortisone and a compound with chrom

atographie mobility similar to that of aldosterone x1 , were also 

not increased in quantity during incubation of placental tissue 

alone above the amount which could be obtained simply by extract

ion of this tissue without prior incubation. Unlike progesterone, 

however, there was still no increase above control levels upon 

the addition of cholesterol and ~ 5-pregnene-3,8 cr€-20-one to the 

incubation medium. This means that there was no production of 

cortisone or of compound x1 under any of the 'in vitro' exper

imental conditions employed. \:,:hile the qu~ti ties of compound 

X1 were unchanged during a 3 hour incubation period sorne of the 

placental cortisone was apparently converted to hydrocortisone; 

the extent of this conversion appeared to depend, in part, on 

the initial concentration of cortisone. In. one experiment there 

appeared also to be a metabolism of cortisone to more polar 

alpha-ketolic steroids during a prolonged incubation of placental 

tissue. 

The reaction involving conversion of cortisone to hydrocort

isone could, however, be reversed since upon the addition of 

relatively large quantities of hydrocortisone to the incubation 

media of 2 placentae a significant conversion of this steroid to 

cortisone was obs erved. If the placenta is not elaborating cort

icosteroids 'in vivo' the presence of larger quanti t ies of cort-
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isone than of hydrocortisone in this organ could be due to a 

similar conversion of hydrocortisone, the predominant 17-hy

droxycorticosteroid in the maternal circulation in late preg-

nancy, to cortisone, 'in vivo'. 

B. The Excretion of Corticosteroids and Metabolites of 
Progesterone in Normal and Adrenalectomized Pregnant 
and Non-Pregnant Women. 

Two totally adrenalectomized patients receiving corticost-

eroid replacanen t ther apy and one normal woman were studied in 

the last trimester of gestation. Each case showed total urinary 

17-hydroxycarticosteroid levels within the range for normal non-

pregnant women. Moreover, the pattern of urinary corticosteroids 

with respect to both the ~ 4-3-ketonic and alpha-ketolic steroid 

components was in the normal pregnant subject qualitatively sim

ilar to those obtained for non-pre ~nant normals. The adrenalect-

omized women also showed corticosteroid excretion patterns which 

with respect to the C2105 alpha-ketolic steroids were qualitat

ively similar to those observed for normal subjects. It would be 

reasonable to assume that the steroids present in the urine of 

the se patients were derived from the hormone th erapy administ

ered. One case, however, also excreted relatively large amounts 

of less polar alpha-ketolic steroids in the 9th month of preg

nancy. The latter compounds may have be en deri ved from regener

ated adrenal tissue rather than from the exogenous hormone ther

apy since they did not appear in comparable quantities in the 

urine of ether similarly treated adrenalectomized patients. 
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Three normal subjects excreted quantities of cortisone 

plus hydrocortisone which ranged from 1/àth to 1/12 of those 

of compounds THF plus THE while a normal pregnant woman excret

ed relatively more of these free steroids, the amount being l/4th 

of those of the reduced metabolites. Even greater proportions of 

the free 17-hydroxycorticosteroids relative to those of their 

ring A reduced derivatives appeared in the urine of the adren

alectomized patients; this further change from the normal non

pregnancy pattern, however, may have not been due entirely to 

the state of pregnancy, but in part, also, to the character of 

stero id therapy administered. The studie s tended to suggest th at 

a reduced rate of reduction of the ~ 4-3-ketone grouping in ring 

A of 17-hydroxycorticosteroids occurs during pregnancy. One of 

the adrenalectomized women continued to show a similar pattern 

of corticosteroid metabolism 4 days after delivery. 

There appeared to be no extra-adrenal source of aldosterone 

in one adrenalectomized pregnant woman studied in the 6th, 8th 

and 9th months of gestation. Four days post-partum she continued 

to excrete only less than 1.5 ug. of Na-retaining hormone per gm. 

of creatinine. A similarly negl j_gible quanti ty was excreted by 

a non-pregnant adrenalectomized patient. But a determination 

on another adrenalectomized woman in ber 9th month of pregnancy 

showed the presence of 13 ug . of Na-retaining hormone per gm. 

creatinine, in the urine. This value although well below the 

amount observed in normal pregnancy urine in the last trimester 

is still appreciable being more than the quantity excreted by 

non-pregna nt normal individuals. This excretion of aldosterone as 
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well as the urinary corticosteroid pattern in this particular 

patient suggest the presence of regenerated adrenal tissue. 

Pregnanediol determinations in the 2 adrenalectomized preg

nant patients were within the range observed for normal preg

nancy. The sharp decrease in pregnanediol excretion observed 

in one of these cases 4 days post-partum is also seen after 

termination of normal gestation. 

There was considerable variation in the excretion of preg

nane-3o(, 17 d.. , 20oZ.- triol in the latter patients during 

pregnancy but this metabolite could not be detected in the ur

ine 4 days after delivery in one case. 

C. Adrenal Function During Late Pregnancy in the Rat 

Experiments were carried out to determine whether changes 

in t he secretion r a t e of corti costeroids could be demonstrated 

during late gestation in the rat. The studies included the in

cubation of adrenal g l ands from pregnant and non-pregnan t fe-

male r at s under 'in vi tro' conditions; in 4 experime nt s adren-

als were removed under ether anaesthesia and, in 2 others, under 

nembutal. In vivo investigations involving t he collecti on of ad

renal venous blood f or a period of 1 hour f rom pregnan t and non

pregnant f emale r ats under anaesthesia were s ubsequently carried 

out. Both types of exp er iments were limited in number due to the 

diffi cul ty of obtai ni ng a sufficient number of pregnant rats arid 

non-pr egnant ones of s i milar age ; it was , t he ref ore , not est ablished 
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conclusively whether or not adrenal function is altered during 

pregnancy in the rat. Nevertheless, a decrease in the secretion 

rate of corticosterone in pregnant rats was observed in the 

'in vivo' study and also under 'in vitro' conditions when the 

adrenal tissue had been removed unàer nembutal anaesthesia. This 

latter difference between pregnant and non-pr egnant rats was, 

however, slight when ether anaesthesia was used . for adrenalect

omy. Under ether anaesthesia the rate of secretion of corticost

erone in adrenals of both groups of rats ~.'las considerably higher 

in the lst period of incubation than in the 2 succeeding ones. 

This high initial secretion of corticosterone may have been due 

to the stimulation of adrenal tis sue by ACTH which is secreted 

in increased amounts during ethe r anaesthesia. 

The aldosterone content in a dr en al venous blood of the preg

nant animals was also decreased in comparison with that present 

in blood colle cted from non-pre gnant rats. The a dren al glands 

of pregnant rats under 'in vitro' conditions showed, however, a 

tendency to secrete higher amounts of aldosterone than those · 

from non-pregnant rats when the adren als were removed under nem

butal anaesthesia. This effect was less pronounced with ether 

anaesthesia. Under 'in vitro' conditions there appeared, therefore, 

a tendency for the average rate of se cre ti on of aldosterone rel

ati ve to t hat of corticos t erone to be gr eat er i n the pr egnant 

group of rats than in t he non-pregnant ones. This latter effect 

was not, however, observed in the in vivo study, perhaps because 

of the condition of acut e stres s under which a drena l venous blood 

is collected. This stress would result in increased secretion of 
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ACTH which in turn would stimulate the secretion of corticost-

erone to a greater extent than that of aldosterone. 

The observed differences in corti costeroid secretion rates 

between pregnant and non-pregnant female rats were, however, 

not pronounced and tend to suggest that there is no marked alt

eration in adrenal function during late pregnancy in the rat. 

Adrènal weights of pregnant rats were similar to tho::a observ

ed for non-pregnant female · rats. Adrenal glands of the females 

were, however, approximately twice as heavy as those of male 

rats in the same colony. 

D. Incubations of Liver Tissue from Pregnant and Non-Pregnant 
Female Rats with Corticosteroids 

The purpose of the se experiment s was to de-termine wheth er a 

difference in the rate of corticosteroid metabolism could be 

demonstrated in pregnancy at the level of liver activity. 

When corticosterone was used as substrate in the incubations 

the li ver of pregnant rats was 10% more active in the 1 in vitro' 

reduction of both the 6. 4-3-ketone and alpha-ketol groups than 

was liver tissue of non-pregnant rats. These differences although 

very slight were of statistical significance. Liver of both groups 

of rats metabolized the 6, 4-3-ketone group ing of cor ti costerone 

to a greater extent than the alpha-ketol configuration. 

Pregnancy liver tissue was also 50 and 28% more active in the 

reduction of the 6.4-3-ketonic and alpha-ketolic groups, respect

ively, of aldosterone-21-monoacetate than was similarly incubated 

liver tissue from non-pregnant f emale rats. 
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Liver tissue from both groups of rats metabalized cortic

osterone to a greater extent than the aldosterone derivative 

when the amount of reduction of either the Â 4-3-ketone or alpha

ketol groups is considered. 

Pregnancy liver tissue was, therefore, more active in the 

metabolism of corticosteroids under 'in vitro' conditions than 

was that of non-pregnant female rats. Although the observed 

differences in act ivi ty per unit vrei ght of li ver tissue were 

amall they were statistically significant and may be more import

ant when an average 30% increase in liver '>'Veight found in preg

nant rats is taken into consideration. 

E. Studies with Rat Placenta under In Vitro Conditions 

Rat placental tissue did not secrete aldosterone, corticost

erone or any other A 4-3-ketonic steroid of similar polarity in 

measurable quantity during incubations under the 'in vitro' 

conditions employed. 

The addition of rat placental tissue to incubations of adrenal 

glands obtained from male or female rats resulted in a decrease 

in the quantities of 6.4-3-ketonic steroids isolated from the in

cubation media. This effect was greater when larger quantities of 

placental tissue were added. 

Subsequent incubations of placental tissue with cortLdoster

one suggest that the above effect of placental tissue may have 

been partly due to an adsorption or concentration of corticost

eroids by this tissue. This adsorption appeared to be increased 

as a result of incubation. Any metabolism of corticosterone per 



210 

unit weight of placental tissue which may have occurred was 

slight in comparison with that observed with rat liver tissue 

under similar incubation conditions. 
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CLAIMS OF ORIGINALITY 

The demonstration of an interconversion of cortisone 

and hydrocortisone during 'in vitro' incubations of human 

placentae obtained at caesarian section is an original obser

vation. The trophic hormones ACTH, prolactin and chorionic 

gonadotrophin have not been previously incubated with placenta! 

mince. 

The presented studies on corticosteroi~ production 

and metabolism in pregnant rats are also original. These in

elude incubations under 'in vitro' conditions of placenta and 

liver tissue removed from pregnant rats. Investigations of 

adrenal cortical activity 'in vivo' and 'in vitro' in pregnant 

rats have not been previously reported. 
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