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ABBREVIATIONS AND TRIVIAL N'AMES. 

The following abbreviations and trivial mames are used in this 

thesis: 

debydroisoandrosterone - 38-bydroxy-~-androsten-17-one 

androsterone 3~-hydroxyandrostan-17-one 

etiocholanolone 3~-hydroxyetiocholan-17-one 

ll-ketoetiocho1ano1one 3~-hydroxyetiocho1ane-11,17•dione 

llf·hydroxyetiocholanolone - 3q,ll#-dihydroxyetiocholan-

17-one 

ll~hydroxyandrosterone 3q,ll~·dihydroxyandrostan-17-one 

isoandrosterone 3!-hydroxyandrostan-17-one 

ll•ketoandrosterone >:<-hydroxyandrostane-ll,l7-dione 

llfLhydroxyandrostenedione 11~-hydroxy-~4-androstene-3, 

17-dione 

isoetiocholanolone 3~hydroxyetiocholan-17-one 

androstenedione - ~4-androstene-3,17-dione 

16~-hydroxydehydroisoandrosterone 3~,1~-dihydroxy-~5-

androsten-17-one 

androstanedione androstane-3,17-dione 

etiocholanedione etiocholane-3,17-dione 

7-ketodehydroisoandrosterone 3P•hydroxy-~-androstene-

7,17-dione 

7~-hydroxydehydroisoandrosterone 

androsten-17-one 

7~,1~-dihydroxydebydroisoandrosterone 



droxy-~S-androsten-17-one 

16«-hydroxy--7-ketodehydroisoandrosterone -

droxy-A?-androstene-7,17-dione 

16~-hydroxyandrosterone 3o4l~·d1hydroxyandrostan-17-one 

18-aydroxyandrosterone - 3~18-d1hydroxyetioeho1an-17-one 

18-hydroxyetioeholanolone ~,l8-dihydroxyetioeholan-17~one 

6~hydroxyandrostenedione 6f-bydroxy-~-androstene-3,17-

di one 

pregneno1one - 3~hydroxy-~-pregnen-20-one 

l~-hydroxypregneno1one - 3~,1~-dihydroxy-L?-pregnen-20-one 

hydrocortisone 11~,17~,21-trihydroxy~4-pregnene-3,20-dione 

cortisone 17~1 21-dihydroxy-Lf-pregnene-3,11,20-dione 

progesterone· ~ .64-pregnene-3,20-dione 

17~-hydroxyprogesterone - 17~·hydroxy-A4-pregnen~-3,20-dione 

11-desoxyhydrocortisone 17~,21-dibydroxy-~-pregnene-3, 

20-dione 

testosterone - 17~bydroxy-~-androsten-3-one 

cholesterol 3~hydroxy-t?·eholestene 

tetrahydro-11-desoxybydrocortisone - ~17~,21-trihydroxy-

pregnan-20-one 

21-desoxycortisone l'?o(-hydroxy-d'--pregnene-3,11-20-trione 

androstanedio1 3~1 17~-dihydroxyandrostane 

etiocho1anedio1 -- 3~1 1?8-dihydroxyetiocholane 

pregnenetriol 3P,l7~2~·trihydroxy-DP-pregnene 

AS-androstenedio1 3~,17~dihydroxy-l?·androstene 



A5-pregnenediQJ. 3pl,;Z()cl(•dthydroxy-,ô?-pregnene 

pregnanetriol ~,17~,z~-trihydroxypregnane 

pregnanedio1 )o4Z~-dihydroxypregnane 

dexamethazone 1~-methy1 -9~·f1uoro~11~17o(,Z1-trihydroxy-

~I,4.pregnadiene-3,ZO-dione 

1~-hydroxYisoandrosterone ~~1~dihydroxyandrostan-17-one 

ACTH adrenocorticotrophic hormone 

HCG human chorionic gonadotrophin 

f9 microgram 

mg mi1ligram 

gm - gram 

pc microcurie 

cpm - counts per minute 

ml mi11iliter 



PART I. 

THE EFFECT OF DEBYDROISOANDROSTERON.E ON THE "IN VIVt:l' CONVERSION 

OF 1~-HYDROXYPREGNENOLONE TO URINARY 11-DESOXY-17-IŒTOSTEROIDS. 



1. 

INTROOUCTION 

A large number of 17•àetosteroids have been found in the urine 

since the first one vas iso1ated almost thirty-five years ago. Butenandt 

and his co-vorkers in 1931 (1) first isolated a crystalline steroid 

vith androgenic activity from a chloroform extraet of normal male urine 

vhich had been hydrolysed vith acid and subaequently identified it as 

androsterone in 1934 (2). In the same year, these authora described 

the isolation of dehydroisoandrosterone from urine. (3) •• 

In 1938 Butler and Marrian (4) reported the isolation of two 

other 17-ketosteroida, etiocholanolone and isoandrosterone, from a 

large quantity of unbydrolysed urine exereted by a voman vith an 

adrenoeortiea1 tumour. The isolation of etioeho1anolone from the urine 

of a normal male aubjeet vas reported by C&llow (5) in 1939· Deb7dro

isoandrosterone, androsterone and etiocholanolone, whieh differ in 

rings A and Bof the molecule, (Fig. 1), are the principal 11-desoxy-

17-ketosteroids excreted in the urine by normal subjects. In comparison 

to these three, isoand1·osterone ia normally e:x:creted in very sDBll 

quantities. Androsterone and dehydroiaoandrosterone vere first iso1ated 

from the urine of normal women by Callow and Callow in 1938 (6); the 

quanti ti es vere similar to those found in male urine. In 1939 • Callow 

and Callow (7) also reported that etiocholanolone waa present in the 

urine of normal females in amounts similar to thoae found in urine 

from normal males. 

Since the isolations of these 17-ltetosteroids, a large number o~. 



Figure 1. 

THE MOST ABUNDANT 17-KETOSTEROIDS ISOLATED FROM BUIIAN URINE. 
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other steroids with a 17-ketone function have been found in human 

urine. Of these other urinary steroids, the 11-oxy-17-ketosteroids 

were quantitativel:y the most important. Maaon (8, 9) and Mason 

and Kepler (10) identified 11 p .. hydroxyandrosterone in the urine of 

subjects with adrenocortical tumors or h:yperplasia and in the urine of 

normal subjects. Lieberman and his co-workers found 11-ketoetiocholano

lone (11, 12) in the urine of normal men and women and patients with 

various diseases. Tbese authors (13, 14, lS) also found 11-ketoandro&* 

terone in the urine of normal and diseased subjects and 11~-h:ydrox:y

etiocholanolone in the urine of the diseased but not the normal aubjecta. 

Kemp et al (16) identified llj9 .. hydroxyisoandrosterone in the urine of 

a patient receiving large quantities of hydrocortisone. One of the 

precursors of the 11-oxygenated ateroids just discussed, llP-hydroxy

d-androstenedione, has 1 tself been isolated b:y Sala110n and Dobriner 

(17) from the urine of subjects reeeiving large quantitiea of adreno

corticotropin (ACTH). 

During the course of their studies, Lieberman and hia co-workera 

isolated aeveral urinar:y 11-desoxy .. l?-ketosteroi~ which bad not been 

described previousl:y. Tbese include isoetiocholanol.one (lS) from the 

urine of normal males and non-pregnant femeles, pregnant females and 

diseased subjects and androstanedione (lZ) from the urine of normal 

males and females. Etiocholaaedione (12) vas found in the urine of 

normal males and females and su,jects with hypertension and Cushtngts 

syndrome and~4-androstenedione (12) was identified in urine of a patient 

vith adrenocortical hyperplasia. ~11er et al (18) have also reported 
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the isolation of androstenediane from the urine of a woman with adreno

cortical carcinome. 

A number of compound& related to debydroisoandrosterone in that 

they have the 3F?-hydroxy-~ structure in riags A and B have been isolated 

from urine. Fotherby et al (19) isolated 16d-bydroxydehydroisoandrosterone 

from the urine of normal subjects. Tbese authors were also able to iso

late 16«-àydroxydebydroisoandrosterone from the urine of adrenalectom

ized and ovariectoBdzed woman following the intramuscular administration 

of dehydroisoandrosterone, thus showing that the 16-hydroxylated com-

pound was a metabolite of the latter steroid. Fukushima et al (ZO) 

isolated 7-ketodehydroisoandrosterone from the urine of subjects with 

adrenocortical tumors and hyperplaaia and also from the urine of normal 

subjects. Schneider and Lewbart (Zl) found ~-hydroxydehydroisoandros

terone in the urine following the oral administration of large quanti-

ties of debydroisoandrosterone. Okada et al (ZZ) isolated 7~,1~

dihydroxydebydroisoandrosterone, 1~-bydroxy-7-ketodehydroisoandrosterone, 

7«-àydroxydehydroisoandrosterone and 16«-hYdroxydebydroisoandrosterone 

from the urine of a patient vith adrenoc•rtical carcinome. 

Hydroxylated derivatives of androsterone and etiocholanolone 

which have been identified in urine extracts include 1~-hydroxyandros

terone (Zl) found after the oral ingestion of large quantities of an

drosterone. Also, 18-hydroxyetiocholanolone «Z3) was found in the urine 

of a patient with an arrhenoblastoma who was excreting lOO mg. of 

etiocholanolone per day and in the urine of subjects given large 

amounts of testosterone and etiocholanolone. Following the intramuscular 



adadnistration of large quantities of androsterone 18-hydroxyandrosterone 

(%3) was isolated from the urine. Recently, 6~-hydroxyandrostenedione 

has been isolated from the urine of a patient with adrenal carcinome 

(ZI.J). 

QU.ANTITA.TION OF URINARY 17-JŒTOSTEROIDS 

The urinary excretions of individual 17•ketosteroids for 8 

normal males and 13 normal females as reported by Jailer et al (%5) 

and Vande Wiele and Lieberman f%6) are summarized in Table I. 

It can be sean that there is no great difference in the total 

excretion of these 17-ketosteroids by males and females. The significant 

difference between the two groups is in the quantities of the indiVidaal 

steroids excreted. The range of values for the two groups overlap 

extensively. This similarity in total excretion had been noted earlier 

by Dingemanse et al (Z7) who had found that the two sexes differed 

only in that males excreted a larger quantity of 3~hydroxy-17-keto

steroids. This is also noted in the values presented in Table I. It 

should be noted also from Table I that the 11-desoxy-17-ketosteroids 

make up approximately 80 per cent of the total identifiable 17-keto

steroids and dehydroiaoandrosterone œakes up approximately %5 per cent 

of the total 11-desoxy-17-ketosteroid excretion. 

It has been noted by a number of workers that age influences 

the quantities of 17-ketosteroids excreted in the urine. Kappas and 

Ga1lagher studied theoe-ketosteroid excretion patterns in male (ZS) and 

female (%9) adult.~ and found that the 11-o.J;Y-17-ketosteroids do not 

change with age but that the urinary levels ot 11--desoxy-17-ketosteroids 
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TABLE I 

Urinary levels of 17-ketosteroids for normal males and females. 

(mg./.ZI.J hoars) 

17-ketosteroid Males Females 
Average Bange A.verage Bange 

Total identified 1,.7 ;.; - .zo.; 7.7 I.J 18 
17-ketosteroids 

Dehydroisoandrosterone 2.7 o.1 - 8.8 
1.8 0 6* 

Isoandrosterone 1.7 o., - 3.0 

Androsterone 3.6 1.8 - 5·7 z.o 0.9 - 3·.9 

Etiocho1ano1one ,.1 o.s - 6.; z.o o.6 - 3.8 

11~hydroxyandrosterone 1 • .5 o.6 - ,.; 1.0 o.; - 1.7 

11~-hydroxyet1ocho1ano1one o.; o.z - 0.9 o.; 0 - 1.5 

11-ketoetiocho1anolone o.6 o.1 - %.,9 o.; 0 - 1.0 

* Dehydroisoandrosterone and isoandrosterone vere not deterained 

1ndividually here. 



decrease Yith age. Beas et al (30) fr•ctionated the 17-ketosteroids 

excreted by both children and adults. The,r could find no debydro

isoandrosterone in urine from normal girls and boys. Childrenvere 

found to excrete 1110re ll-ozy .. l7-ketosteroids than 11-desozy-17-keto

steroids while the reverse vas found for the adults (all the children 

studied vere 7 years of age) • Male children excreted tYice as 1111ch 

11~-hydroxyandrosterone as female children. 

A nuui)er of investigators have reported that the amount of 

17-ketosteroids excreted varies considerably from day to day. An 

extreae exemple of this is the daily fluctuation found in a subject 

Yith Cushing'& syndrome (31) whose output varied from S to Jt.s ag. per 

day. 

THE ORIGIN OF THE URINARY 17-KETOSTEROIDS 

SbortlY after the significance of the urinary 17-ketoateroids 

becaae apparent, many investigators undertook to determine the origin 

of these steroids. It was realized early tbat the precursors of the 

urinary 17~ketosteroids vere secreted by the gonads and the adrenal 

glands. This early knowledge vas derived from studies of the urinary 

steroids in subjects vith byper-, or bypo-function of the adrenals, 

ovaries or testes. 

Hirschmann (32, 33) found that the amounts of debydroisoandros

terone, androsterone and etiocholanolone in the urine of ovariectomized 

woaen vere not lower than those of normal controls. From tbese studies 

he concluded that the adrenals were the major source of the precursors 

of the urinary 17-ketosteroids in normal females. 
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In 1940 callow et al (34), reported on the excretion of 17-

ketosteroids in the urine of subjects vith gonada1 and adrenocortica1 

deficiencies, The average amounts of 17-ketosteroids in the urine of 

11 enuchs and 18 ovariectomized women were in the 1ower part of the 

range of resu1ts obtained with normal subjects. The excretion of 17-

ketosteroids was genera11y 1ow in cases of Addisonts disease. These 

resu1ts implicated both the gonads and adrenals as sources of 17-

ketosteroids. 

As bas been noted earlier, the urine of subjects with adreno

cortical hyperplasie or adrenocortical tumors contained large amounts 

of both 11-desoxy- and 11-oxy-17-ketosteroids. 

In 1948 ~ason (35) reviewed the reported measurements of the 

urinary excretion of steroids in adrenal disease. He noted that the 

urinary levels of 17-ketosteroids in cases of Addison•s disease were 

low and that androsterone the only identifiable compound. In a limited 

number of subjects with adrenocortical tumors the urinary excretion 

of dehydroisoandrosterone was high in all but one instance, while 

in cases of adrenocortical hyperplasie the levels of this steroid 

were very low. .~drosterone appeared to be elevated in subjects vith 

adrenocortical hyperplasia. As early as 1939 it was suggested by 

Crooke and callow (36) that 1 t might be possible to distinguish be• 

tween an adrenocortical tumour and adrenocortical hyperplasie on 

the basis of the total urinary 17-ketosteroid values; those having 

a tumour would have a very elevated level and those having hyper

plasie would have a high normal or only a moderately elevated ex

cretion. This idea is now knovn to be incorrect since the 17-keto-



steroid excretion can be normal in subjects with adrenocortical tumors 

(37, 38). Using more modern methode a number of workers have shovn 

that in cases of adrenal disorder with elevated urinary 17•ketosteroids 

the relative amounts of the individuel 17-ketosteroids vary considarably 

from subject to subject. In many of the earlier investigations the 

steroid conjugates were cleaved by boiling in the presence of strong 

acid. This is now known to deatroy considerable quantities of the 

17-ketosteroids present in urine. 

Gemzell et al (.39) reported in 1953 that fo1lowing the removal 

of the adrenals from patients previous1y gonadectomized for prostatic 

carcinoma,the urinary 17-katosteroid leval decreased to zero. These 

findings indicated that the adrenal vas the •ite of elaboration of 

these steroids. 

The pi tui tary hormone, adrenocorticotropin (AC'l'H), vbich 

stimulates adrena1 secretion increases the levels of urinary 17-keto

steroids when given to normal subjects (40, 41, 4z). Landau et al 

(43) studied 17-ketosteroid excretion in normal adu1ts following the 

administration of ACT.H and obtained a large increaae in the excretion 

of da~droisoandresterone as vell as of total 17-ketosteroids. Human 

chorionic gonadotrophin administration, whicb is known to stimulate 

the testes, leads to an increase in total 17-ketosteroid excretion but 

not in de~droisoandrosterone excretion. Landau et al compared the quan

tities of 17-ketosteroids excreted following the administration of ACTH 

and of dehydroisoandrosterone. These authors concluded tbat de~droiso• 
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androsterone may account for the major portion of the 17•ketosteroids 

of adrenal origin. Ronzoni (114) also obtained a large increase in 

arinary dehydroisoandrosterone following adrenal stimulation with 

ACTH. Kappas and Gallagher (28) foand that ACTH increased the excre

tion of debydroisoandrosterone more than those of the other indi vidaal 

17-ketosteroids. The 11-oxy-17-ketosteroids as a group were elevated 

more than the 11-desoxy steroids. When the release of ACTli by the 

pituitary is sappressed by the adDdnistration of cortisone the levels 

of urinary debydroisoandrosterone. androsterone and etiocholanolone 

decrease (15). 

The etudies mentioned above, as well as many others, indicate 

that the adreaàl glands. are the source of all the 11-oxy-17-ketosteroids 

and the major fraction of the 11-desoxy-17-ketosteroids. The presence 

of l~·bydroxylase ac ti vi ty bas never been de110nstrated in normal 

gonadal tissue. 

The testes secrete a precursor whieh gives rise to a sma11 frac• 

tion of the androsterone and etiocholanolone since the urinary excre

tions of these two steroids are lower for eastrated men than for noraals 

(l6). castration leada to a large decrease in the urinary 17~ketosteroids 

in patients with prestatic cancer (l7). Buman chorionic gonadotrophin 

(HCG) administration, which does not stimulate the adrenals, causes an 

increase in urinary 17-ketosteroids and this respense is less evident 

in olde:r than in young men. The plasma levels of 17-hydroxycorticosteroids 

and debydroisoandrosterone are not significantly changed by HCG admin

istration (48). Bowever, the androsterone levels are significantly 

inc:reased in males but not in females. ~ese observations support the 
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view that deb;vdroisoandrosterone is principally of adrenal origin and 

the testes can elaborate precursors of androsterone and etiocholanolone. 

Venning et al (J19) reported very large amounts of urinary 17-

ketosteroids in the urine of a subject with an interstitial cell tumor 

of the testes. They isolated androsterone sulphate in considerable 

yield from the urine of this patient. 

It is believed that the normal ovary dees not secrete significant 

quantities of 17-ketosteroid precursors but increased secretions may 

occur in pathological conditions auch as ovarian tumors or polycystic 

ovaries as discussed by Dorfman (50). MacDonald et al (51) studied 

rates of secretion of dehydroisoandrosterone by normal femal• subjects 

with and without adrenal or ovarian suppression, by subjects with ab

normal ovarian function, by a subject with Addison•s disease and a 

castrate female. Their resulta indicated that the normal ovary secrete4 

very small quanti ties of debydroisoandrosterone and ei ther /).IJ-androste

nedione or testosterone. The normal ovary has the capaci ty to synthesize 

17-ketosteroid precursors as will be discussed later in the section 

on biosynthesis. 

S'l'BllOIDS PRESENT IN ENDOCRINE GLANDS AND T.HEIR VENOUS BFFLUENTS 

A number ot the 17-ketosteroids and their precursors have beon 

isolated from the adrenals, testes and ovaries and the venous blood 

leaving these tissues. 

1. Adrenalss A large number of steroids have been isolated from 

adrenal tissue and only those which are pertinent to this discussion 

Will be described. In 1941 Pfiffner and North (52) reported the isola-
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tion of 17~-bydroxyprogesterone from bovine adrenals. The C19 steroid, 

A4-androstenedione, was isolated from hog adrenals by von Euw and 

Reichstein (53). Neher and Wettstein (54) reported the isolation ot 

pregnenolone and 17«-bydroxypregnenolone from hog adrenals in 1960. 

Dehydroisoandrosterone has been isolated from one human adrenal 

cortical tumor (55) and tentatively identified in another (56). Bloch 

et al (57) obtained evidence for the presence of .64-androstenedione, 

debydroisoandrosterone • 1113 -hydroxyandrostenedione and hydrocortisone 

in human tetal adrenals. 

In 1955, Pincus and Romanoft (58) 1dentitied hydrocortisone and 

11J9-hydroxyandrostenedione and tentatively identitied A4-androstene-

dione in adrenal vein blood from a man w1 th metastatic prostatic car-

cino• and a woan w1 th metastatic breast carcinoma. In 1956 Bush et 

al (59) reperted that they found hydrocortisone, llf'-IQ'droxyandrostene-

dione, debydroisoandrosterone and andeosterone in adrenal vein blood 

from a patient w1 th virilism. Bush and D-Bhesh JDOre recently (60) 

identitied hydrocortisone, 1~-IQ'droxyandrostenedione and dehydroiso-

androsterone, by means of paper chromatography, in adrenal venous blood 

from a patient with adrenocortical hypertunction association with hir-

sutism. In both ot these studies, Bush and his co-workers concluded that 

the concentration ot dehydroisoandrosteronè in the adrenal venous blood 

was too low to account tor the total dehydroisoandrosterone production 

as estimated from the urinary leval. It was suggested that there .111.tst 

be another source of at least a fraction ot the e:x:creted dehydro1soandro-

sterone. 



Lomardo et al (61) ana1yzed 12 sample• of human adrenal venous 

blood and found debydroisoandrosterone in on1y one of them. Tbesè 

investigators found 17~-kfdroxyprogesterone and 11-desoxyhydrocortisone 

in five and 11~-hydroxyandrostenedione in ten samples. Mlgeon (62) 

found l~·hydroxyandrostenedione and~~-androstenedione in adrenal vein 

blood from a patient With Cushing•s syndrome due to bilateral adrena1 

hyperplasia. Tbey also found A-"-androstenedione and etiocholanolone 

in the venous blood froa a patieDt with an adrenal rest tumor. ~re 

recently, Hirschmann et al (6') have isolated dehydroisoandrosterone, 

~~-androstenedione and ll~hydroxyandrostenedione from the adrenal venous 

blood of normal tamale subjects. Trace quantitiea of~S-androstene

~.17~-diol were found. It was concluded that the levels of secretion 

ofAP-androstenedione and dehJ'droisoandrosterone vere sufficient to 

account for the urinary 17-ketosteroids provided the observed seeretion 

rates were maintained for 24 hours. 

Dehydroisoandrosterone, ~~-androstenedione, ll~bydroxyandrostene•, 

dione and 17«-hydroxyprogesterone have been isolated from adrenal 

venons blood obtained from three post menopausal women with ~ry 

carcinoJUa who had received ACTH (6/a.). Recently, Wieland et al (6S) 

reported the finding of 17«-hJ'droxypregnenolone, 17~-bydroxyprogesterone, 

dehydroisoandrosterone andA/a.-androatenedione in adrenal veoans blood 

from a patient With an adrenocortical tumor. 

Of interest in the search for the precursors of the urinary 

17-d•soxy-17-ketosteroids are the very recent findings of conjugated 

steroids in adrenocortical tissue and adrenal venous blood. Bau1ieu 
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(66) analysed a large adrenal tamor and the venous blood coming from it 

and found free A4-androstenedione and 111'-hJ'drolQ'androstenedione in 

the tumr tissue but no free debydroisoandrosterone. However, deby• 

droisoandrosterone aulphate was found in high concentrations in both 

the tumor and the adrenal venous plasma. The concentration of dehy

droiaoandrosterone sulphate was higher in the adrenal venous plasma 

than in the peripheral venous plasma. The concentrations of androsterone 

sulphate and etiocholanolone sulphate were bigher in the peripheral venous 

blood. These resulta were confirmed in a study on a second patient. 

Bowever, a small amount of free dehydroisoandroaterone was also found 

in the tumor. In the first subject studied 7-ketodehydroisoandrosterone 

sulphate was found in the adrenal venous blood and at a higher concen

tration than in the peripheral venous blood. This is the !1rst report 

of this steroid in blood and suggests that this compound is formed in 

the adrenal gland rather than in peripheral tissue from dehydroisoandro

sterone. Wieland et al (67) have recently reported the isolation of 

dehydroisoandrosterone sulphate from the adrenal vein blood of a normal 

subject at a concentration 1a1ch higher than that of the free compound. 

2. Testes: Little work bas been done on the isolation of steroids 

from human testicular tissue. Testosterone was isolated from human 

testes in 1935 (68). A number of c19 steroids and possible precursors 

of the CI, steroids have been isolated from animal testes. Neher and 

Wettatein isolated dehydroisoandroaterone (54) from bovine testes and 

Ruzicka and .Prelog (69) and Haines et al (70) have isolated pregnenolone, 

an intermediate in steroid biosynthe.sis, :from hog testes. Dehydroiao-



androsterone bas never been fouad in human testicular tissue or human 

spermatic venons blood. 

tucas et al (71) identified testosterone in a pool of spermatic 

blood collected from patients vith prostatic carcinoaa. Bollander and 

Hollander (72) were able to measure testosterone in human spermatic 

venous blood. Testosterone, â4•androstenedione and 17«•b7droxyproges

terone have been isolated from bovine spermatic vein b1ood (73). 

3. Ovariesl In 1950, Parkes (74) reported bioassay data which 

suggested that ovarien tissue can produce C19 steroids. Zander (75) 

in 1958 reported the isolation of androstenedione from eztracts of human 

ovarian follic1es and corpora lutea. 

In this study, Zander also identified progesterone, and 17«

hydroxypregesterone, wbich is a known precursor Of C19 steroids. 

A number of steroids have been isolated from ovaries obtained 

from subjects with the Stein-Leventha1 syndrome; this type of poly

cystic ovary is believed by ~ to produce significant quantities of 

androgens. Sbort (76) analysed cyst fluid from such ovaries and found 

measurable quantities of 17«-bydroxyprogesterone, ~4-androstenedione 

and dehydroisoandrosterone. Binee no estrogen• vere detected a defect 

in hydroxylation at carbon-19, with a resulting accumulation of c19 

steroids was suggested. Starka et al (77) isolated dehydroisoandroster

one andâ4-androstenedione from sclerocystic human ovaries with the 

former being present in higher concentrations. Mahesh and Greenblatt 

(78) isolated dehydroisoandrosterone or~-androstenedione and 1~

hydroxyprogeaterone from the polycystic ovaries of patients with the 

Stein-L~venthal syndrome. When two patients vith this syndrome vere 
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given human follicular stimulating hormone (FSH) prior to ovariecto~, 

the ovaries contained l~-b7drozypregnenolone ~· well as dehydroisoan

drosterone. The latter steroid vas present in concentrations higher 

than those found in the ovaries of subjects who did not receive FSH. 

Although testosterone bas been isolated from arrhenoblastoma tissue on 

tvo occasions (79, 80) • none vas found in the studies of the normal or 

polycystic ovaries. 

Studies on patients vi th polycystic ovaries showed that the levels 

of 17-ketosteroids in ovarian venous blood vere higher than tbose in the 

peripheral blood (81). No atteœpts vere made to isolate the individuel 

compounds in this study. Mahesh et al (8Z) found small quantities 

of â4·androstenedione in ovarian venous blood from normal subjects 

folloving FSH administration. Dehydroisoandrosterone and testosterone . 

were not deteeted. No Clg steroids vere found when the subjects bad 

not reeei ved FSH. Recently, Mlkhail et al (83) have reported the 

analysis of human ovarian venous blood at various intervals during the 

menstruel cycle. Progesterone levels decreased vith time following 

ovulation and none vas found in blood taken from an ovarian vein during 

an anovulatory cycle. In the saurples in whieh progesterone vas found, 

17~-hydroxyprogesterone, ~4-pregnen-3-on·Z~-ol and~4-androstenedione 

vere also found. 

BIOSYNTBESIS OF C].? STEROID8. 

Tbe patbways for the bioaynthesis of Cl9 steroids in the adrenals 

and gonads bas been studied using a number of in vitro techniques. 

These metbods include perfusiona of the whole gland and incubations wi tb 



tissue slices, Wbole homogenates and cell ~ree systems. Present knowledge 

of biosynthetic pathways are aummarized in Figure 2. In brief, the 

biosynthesis of the steroids involves the formation of cholesterol 

from acetate unita and the degradation; of the cholesterol to yield 

pregnenolone. The .pregnenolone can either be converted to progesterone 

or bydroxylated at the 17- position to form 1~-hydroxypregneno1one. 

The intermediate, 17~-hydroxyprogesterone~ can be formed by hydroxy1ation 

of progesterone or it ~n be for.med from 17«·hydroxypregnenolone. 

Cleavagé of ~he side chains of l?o(-hydro:xypregnenolone and 17o(-llydroxy

progesterone yie1ds dehydroisoandrosterone and ~·-androstenedione, 

respecti vely. Debydroisoandrosterone can be converted to /lb, -androstene

dione. The Ab,·androstenedione can be reduced at position 17 W> form 

testosterone, or undergo 11-hydroxylation to yield ll~àrdroxyandrostene

dione. The latter compound can a1so resu1t from the c1eavage of the 

side chain of hydrocortisone. Wbich is formed by hydrox.ylation of 1~

bydroxyprogesterone at first the 21 and then the 11 positions. It is 

be1ieved that hydroxy1ations at positions 21 and 11 occur only in 

adrenocortioal tissue under normal circumstances. The other reaction 

sequences are believed to be the same for the adrena1s, testes and 

ovaries. 

The formation of dehydroisoandrosterone is the subject of 

mator importance in this study and so it will be disoussed in detail. 

Z.,st of the studies on the formation of deh1droisoandrosterone have been 

performed with adrenocortica1 tissue. Earlier studues by Bloch et al 

(8l, 85) demonstrated the conversion of c11J•acetate to c14-label1ed 

dehydroisoandrosterone,llb,-androstenedione and 1~1lydroxyandrostene-
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Figure z. 

PATBWAYS OF c19 STEROID BIOS1lrl'BESIS 
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dione by human adrenal slices obtained from a subject with adrenogen

ital syndrome. ACTH did not increase the yield of dehydroisoandroster

one although it enhanced the formation of 11#-hydroxyandrostenedione. 

An homogenate of an adrenal adenoma converted both c14-cholesterol and 

tritiu~ labelled pregnenolone to dehydroisoandrosterone (86). A meta

bolite which was not identified but was found to contain tritium and 

no carbon-14 led to the suggestion that cholesterol might be going to 

dehydroisoandrosterone without passing through pregnenolone but this 

pathway has not been confirmed. Goldstein et al (87) demonstrated the 

conversion of pregnenolone to dehydroisoandrosterone and ll~hydroxy

androstenedione by an adrenal adenoma from a patient with Cushing's 

syndrome. 

Evidence that adrenal tissue can form the proposed intermediate 

between pregnenolone and dehydroisoandrosterone, namely, 17q-hydroxy

pregnenolone, bas come from the work of Weliky and Engel (88) who stu

died the metabolism of pregnenolone-H3 and progesterone-c14 by hyper

plastic adrenal gland slices. Its formation was suggested by the 

distribution of radioactivity in the partition column chromatogram and 

the counter current distribution fractionation. Unfortunately, the 

17~-hydroxypregnenolone was not further characterized. Both labels 

were present in 17~-hydroxyprogesterone and hydrocortisone but there 

was no triti,!m in the column eluates containing progesterone, suggesting 

that pregnenolone was hydroxylated to form l7q-hydroxypregnenolone and 

this was converted to 17~-hydroxyprogesterone. This latter conversion 

has been shown for normal adrenal gland slices (89). The conversion 
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of 170(-hJdroxypregneno1one to dehydroisoandrosterone has been reported 

in very sma11 yields for bovine adrena1 homogenates (90) and human 

adrenal s1ices (89). 

Cohn and Mblrov (91) incubated s1ices of normal, atrophie 

'bypertensive•, hyperp1astic, adenomatous and carcinomatous adrena1s 

of human origin for three hours in Krebs-Ringer bicarbonate buffer. 

The authors found that dehydroisoandrosterone,~~-androstenedione and 

11~-hydroxyandrostenedione vere re1eased into the incubation medium. 

The release of 1~-hydroxyandrostenedione but not of the other two 

compounds vas stimulated by ACTH. Conversions of labelled 17o(-·hydroxy

pregnenolone to dehydroisoandrosterone in 1.6 and 1.4 per cent 

yield to Ll4-androstenedione in '6,.8 and s.6 per cent yield, and to 

11~-hydroxyandrostenedione in 7.z and 6.8 per cent yield vere obtained 

vith adenomatous and hyperplastic adrenal s11ces, respectively. The 

conversions of 17G(-hydroxypregnenolone io A~-androstenedione and nP
hydroxyandrostenedione were greater tban the conversion of proges

terone to the same compounds, suggesting that they vere formed mainly 

by vas of dehydroisoandrosterone and not by vay of 17~hydrox;progesterone. 

In agreement With the findings of conjugated steroids in adrenals and 

adrena1 vein blood, severa! vorkers have demonstrated the in vitro 

forwation of dehydroisoandrosterone sulphate by adrenal tissue. The 

formation of dehydroisoandrosterone sulphate from the free compound has 

been shown using homogenates of normal (9Z), carcinomatous (93) and 

adenomatous (94) adrena1 tissue. In this last report, Oohn et al, 

also demonstrated the conversion of 1~-hydroxypregnenolone to dehydro

isoandrosterone sulphate. In a recent note, Lebeau and Baulieu (95) 



have reported that the supernataut obtained by centrifugation of an 

adrenal tumor homogenate sulpbated deh;ydroisoandrosterone to the 

extent of 98 per cent and other steroids to a lesser degree. 

:n. 

There bave been fewer demonstrations of deh;ydroisoandrosterone 

synthesis by gonadal tissue. Conversions of labelled pregnenolone to 

17~-hydrox;ypregnenolone and deh;ydroisoandrosterone have been shown 

to be effected by Ddnces of h~an fetal testes (96). Bovine testes 

have been shown to convert 17~-hydroxypregnenolone to dehydroisoandros-· 

terone (90). Ryan and Sllli th (97) incubated cllr.-acetate vith minces 

of follicular cyst linings of normal ovaries and positively identified 

dehydroisoandrosterone and pregnenolone as incubation products and 

obtained some evidence for the formation of 1~-hydroxypregnenolone. 

Ovarien tissue from a subject vith the Stein Levanthal syndrome 

converted pregnenolone to dehydroisoandrosterone (98). 

PERIPHERAL FOBMATION OF URINARY 17-XETOSTEROIDS IN MAN 

There are many reports in the li terature of the in vivo and 

in vitro metabolism of the steroids which are known to be secreted by 

the endocrine tissues and which are converted to the 17-ketosteroids. 

The in vivo transforma. ti ons of the adrenal and gonadal Czl and c19 

compound& to 17-ketosterdds will be discussed briefly in this 

section. Present knowledge of the oonjugation of the 17-ketosteroids 

will also be discussed briefly. 

THE CONVERSION OF Cz1 STEROIDS TO 17-KETOSTEROIDS 

There have been a numer of reports on the in vivo metabolism 

of hydrocortisone, the D&jor glucocorticoid secreted by the adrenal 



cortex. 'nle interest in this and the other 11-oxygensted. compounds 

lies in the possibility tbat they may be precursors of the urinary 

11--oxy-17-ketosteroids. In 1953, Burstein et al (99) reported on 
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the urinary steroids found after the oral administration of z.s gm. of 

hydrocortisone acetate to a man with scleroderma. Besides the Czl 

metabolites, 11~-hydroxyetiocholanolone, 11-ketoetiocholanolone and 

11p-àydroxyandrosterone vere iso1ated in quantities greater than those 

found in the control urines. The actual per cent conversions were 

very small. Cortisone acetate, when given oral1y to male subjects, 

was a1so shown to be converted in low yields to 11P-hYdroxyetiocho1ano

lone, 11-ketoetiocholanolone and 1~-hydroxyandrosterone (lOO, 101). 

Sandberg et al (102) obtained pre11minary evidence for the 

conversion of cl~-hydrocortisone to urinary 11-ketoetiocholano1one and 

1lt'-hydroxyetiocho1anolone. Fukushima et al (103) studied the meta

bo1ism of a tracer dose of cl~-hydrocortisone in normal men and found 

conversions to urinary 1l-ketoetiocholano1one plus 1~-hydroxyetiocho

lanolone ranging from 2 to 12 per cent. Very little labelled llP

bydroxyandrosterone was fouad in the urine. 

Bradlow et al (10~) administered labelled hydrocortisone which 

had been reduced at the c-20 position and toUDd tbat the distribution 

of the label ln the pattern of urinary metabolites was sim11ar to tbat 

following the administration of hydrocortisone. A total of ~.s per 

cent of the radioactivity in the neutral extract was identified as 

11•ketoetiocholanolone and llP-hYdroxyetiocholanolone. The,y concluded 

that reduction of the ketone at c-20 was not.a major tirat step in the 



metabo1ism of hydrocortisone and that it bad no qualitative eftect on 

the c1eavage of the aide chain to fora 1?-ketosteroids. 

In 1951, Fajans et al (105) reported that the oral administra

tion of 11-desox:yhydrocortisone (Compound S) led to an elevation in 

the urinary 1?-ketosteroid excretion. Birke (lo6) and Birke and Plan

tin (10?) identified etiocholano1one and androsterone as being 

quantitatively only very minor metabolites of 11-desox:yhydrocortisone. 

The compound under normal conditions probably contributes very little 

to the urinary 17-ketosteroids because of 1 ts low level of secretion 

which is evident from the low excretion of its principal urinary 

metabolite, tetrahydro-11-desoxyhydrocortisone (108). 

A. nWii:ler of investigations to studl' the in vivo conversion of 

Zl-desox:ysteroids to 17•ketosteroids have been reported. These compound& 

are secreted in large quantities by patients with adrenal hyperplasia 

due to defects in the hydrox:ylation of the steroid molecule and it was 

suggested that these compound& could be the source of the large quanti

ties of 17-ketosteroids excreted by these subjects. It was also possi

ble that these 21-desoxy steroids might be quantitatively significant 

as precursors of the 17-ketosteroids excreted under normal conditions. 

Burstein et al (109) obtained only very small conversions of ora11Y 

administered 21-desox:ycortisone to the 11-oxy-17-ketosteroids. Jailer 

et al (110) isolated both the 11-keto and ll~hydroxy etiocholanolones 

and the 11-keto and 1~-hydrox:y androsterones fol1owing the oral admtn

istration of 21-desoxycortisone. Rosselet et al (111), using large 

quantities of orally adndnistered Zl-desoxycortisone, and Fukushima et 
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al (112), using tracer doses of the labelled compound, obtained 1ow 

conversions to urinary 11-ketoetiocholanolone, 11-ketoandrosterone, 

11~-hydroxyetiocholanolone and ll~bydroxyandrosterone. A number of 

studies concerned with the metabolism of 17~-hydroxyprogesterone in 

humans have been reported. Jailer et al (llO) administered ora1ly large 

quantities of 1~-hydroxyprogesterone and obtained smal1 increases in 

the urinary etiocholanolone and androsterone fractions. The ratio 

of the increase in the etiocholanolone fraction to that in the andros

terone fraction was 5:1. It could be concluded from this result that 

17q-hydroxyprogesterone secretion would have to be increased enormously 

to be quantitatively important as a precursor of androsterone. Similar 

results were obtained by others (113, 114). Vermeulen et al (115) 

obtained less than a 0.5 per cent conversion of a trace dose of 17~

hydroxyprogesterone-c14 to labelled etiocholanolone. FUkushina and 

his co-workers (116, 117) have studied the metabolism of cl4-labelled 

17~-hydroxyprogesterone in a normal subject and in severa! subjects 

with adrena1 carcinoma. They were able to iso1ate labelled androsterone 

and etiocholanolone in all cases. The yields of thetwo were small and 

there was a1ways more radioactivity in the etiocholanolone fraction. 

Because the 3~hydroxy-t? structure is present in both dehy

droisoandrosterone and 17~-hydroxypregnenolone, there have been severa! 

recent studies on the metabolism of this Czl steroid to urinarY 17-

ketosteroids. Intravenous infusion of 17q-hydroxypregnenolone to an 

adrenalectomized dog led to an increase in the plasma level of dehydroiso

androsterone (118). Solomon et al (119) obtained a 4.3 per cent con

version of labelled 17~-hydroxypregnenolone to urinary dehydroisoandros

terone; etiocholanolone and androsterone in a patient with 
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adrenocortical carcinoma, and a conversion of lesa than 0.1 per cent 

in a normal subject. Roberts et al (12.0) obtained a 3 per cent conver

sion in a similar study in a person w1 th an adrenal adenoma. The con-,

version of l~·bydroxypregnenolone to urinary 17-ketosteroids will be 

discussed in greater detail later. 

IN VIVO METABOLISM OF CJg STBROIDS TO THE 17-IŒTOSTEROIDS FOUND IN 

URINE. 

The metabolism of testosterone has been the subject of numerous 

studies in man. In 1939, Callow (12.1) studied the metabolism of orally 

administered testosterone and isolated androsterone and etiocholanolone 

as minor metabolites. Dorfman et al (12.2.) isolated androsterone in the 

urine following the oral and intramuscular administration of testos

terone. In 1940, Dorfman and Hamilton (12.3, 12.4) reported that the oral 

administration of testosterone, androsterone, debydroisoandrosterone, 

androstane-3~,119-diol, androstane-3,17-dione or~4-androstenedione 

all led to increases in the level of the urinary 17-ketosteroids. The 

level of androatera.ne in urine was 8hown to be increased after the admin

istration of each of the above compounds vith the exception of debYdro

isoandrosterone. Of the administered androsterone itself, 24 per cent 

was excreted in the urine unchanged. Androstanediol,~4-androstene

dione and androstanedione vere suggested as intermediates in testos

terone metabolism. Sheller et al (125) administered orally a large 

quantity of testosterone to a narmal female and isolat~ androsterone 

and etiocholanolone in yields of 14.6 and 7•7 per cent respectively. 
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Other C19 compounds of the etiocholane and androstane series which are 

metabolised in vivo by man to urinary 17-ketosteroids are 

androstan•l7p-ol-3-one, which is converted to isoandrosterone and 

androsterone, and etiocholan-17~ol•3-one, which is converted to 

etiocholan--3~,17~-diol, and etiocholanolone (126). In 1950 Dorfman 

et al (127) reported on the metabolism of ~h-androstenedione to androsterone 

and etiocholanolone and of androstanedione and androstanediol to 

androsterone and isoandrosterone. Orally administered isoandrosterone 

can be converted to urinary androsterone (128, 129). 

Fukushima, Gallagher and their co-workers used deuterium labelled 

testosterone to study its metabolism in vivo (130, 131, 132) and found 

androsterone and etiocholanolone to be the major metabolites formed. 

~nor quantities of etiocholane-3~,17~-dio1, etiocholane-3,17-dione, 

androstane--~,17~diol and isoandrosterone also vere excreted. When 

deuterium labelled~b.-androstenedione was administered to a male subject 

h3 per cent of the dose was excreted vithin 2b. hours •s androsterone 

and etiocholanolone. 

Pollowing the intravenous administration of clh-testosterone 

almost all the radioacti v1 ty is excreted wi thin b.S ho.urs wi th over 50 

per cent appearing in the urine during the first b. hours (133). Thus 

it appears that testosterone is metabolized and cleared from the body 

very rapidly. Between 12 to 14 per cent of the radioactivity appeared 

'n the bile of subjects vith T•tube drainage. Only 6 per cent vas 

excreted in the stools of normal subjects. In a second study (13h) 

blood was taken from the subjects at intervals of 15 to Zho Ddnutes 



following the injection of cl~ testosterone. Labelled etiocholanolone, 

androsterone, isoandrosterone and testosterone were identified in the 

plasma extract and there was chromatographie evidence of labelled 

androstane-3,17-dione and etiocholane-3~,17~-diol. This study further 

indicated that testosterone is transformed rapidly to its metabolites. 

The studies just described indicate that testosterone is con

verted by man to androsterone and etiocholanolone. However, present 

knowledge indicates that dehydroisoandrosterone is quantitatively 

the most important precursor of these two urinary 17-ketosteroids. 

Urinary dehydroisoandrosterone, androsterone, etiocholanolone and 

~-androstene--3~,17pLdiol accounted for 28 per cent of the dehydro

isoandrosterone admiqistered intramuscularly to a man with anterior 

pituitary insufficiency (135). Isoandrosterone was not found. In a 

similar study (136) in two subjects with Addison•s disease,~5wandros

tene-3~,16~,17P-triol was isolated as a metabolite but no dehydroiso

androsterone was detected. Etiocholane--3«,17f-diol was identified 

in the urine of a subject receiving a large dose of dehydroisoandros• 

terone although the yields of androsterone and etiocbolanolone were 

considerably less than those found in the two sùudies previously 

mentioned (137). Ungar et al (138) reported the in vivo metabolism 

of orally administered~-androstene-3p,17J'diol to urinary dehydro

isoandrosterone, androsterone, etiocholanolone and etiocholane-~~.176-

diol by a human subject. 

Kirschner et al (139) studied the metabolism of large amounts 

of orally administered debydroisoandrosterone at different dose levels 

in normal subjects and found that although the level of dehydroiso

androsterone in the urine was highest with the largest dose, the 



fraction of the administered compound excreted unchanged was lowest 

with the largest dose. Etiocholanolone was excreted in proportion

ately larger quantities with the large dose tban was androsterone. 
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The total percentage of the administered dose ezcreted as debydroiso

androsterone, androsterone and etiocholanolone was lowest for the high• 

est dose. 

Lieberman and his co•workers (26, lbO - lbl) have carried out 

a number of studies on the invivo metabolism of dehydroisoandroaterone 

usina tracer doses of the labelled compounds and have made a nuaber of 

intereating findings. The,y have measured the specifie activity of the 

urinary dehydroisoandrosterone and uaed this figure to calculate the 

secretion or production rate of debydroiaoandrosterone. Their resulta 

in normal subjects ranged from 15 to 25 mg per 24 hours. In their first 

studiea, they found tbat the specifie activities of the androsterone 

and etiocholanolone were the same as that of the dehydroiaoandroster

one. These resulta indicated tbat dehydroisoandrosterone was the princi

pal precursor of the ll•desoxy-17-ketosteroids, i.e. the etiocholanolone 

and androsterone were not being diluted by other precursors auch as 

testosterone to aQY significant degree. In subsequent studies the, 

found that in a number of cases the specifie activities of the andros

terone and etiocholanolone were significantly higber than that of the 

dehydroisoandrosterone which bad been ezcreted as the sulphate. 

Attempts to explain this finding prompted further studies. They found 

no significant daily variation in the secretion of dehydroisoandroaterone. 

This is in contrast to the earlier resulta of Pincus et al (145) who 

bad reported a diurnal variation in the excretion of 17-ketosteroids, 



and ~geon et al (1-6) who reported a diurnal variation in plasma 

dehydroisoandrosterone and androsterone. LiebermaD and his co-workers 

also studied the influence of the level of secretion of dehydroisoan

drosterone on its metabolism and found that when the secretion rate 

was altered in a normal subject the fraction of the tracer dose 

of dehydroisoandrosterone excreted unchanged varied in proportion to 

the level of secretion while the fr~ction excreted as androsterone plus 

etiocholanolone did not vary. Other aspects of these studies will be 

discussed in a later section. It is of interest that Lipsett (147) in 

studies of the metabolism of labelled dehydroisoandrosterone found tbat 

the specifie aeti vi ties of the urinary üehydroisoandrosterone, anûros

terone and etioeholanolone were the same for two ovarieetomized patients 

but the specifie acti vi ti es of androsterone and etiocholanolone were 

lower than that of dehydroisoandrosterone for three patients with 

adrenal eareinoma, indieating that there were precursors other than 

dehydroisoandrosterone for these two eoapounds in the cancer patients. 

Androsterone and etiocholanolone ean also be converted to other 

steroids by man. The resulta of several investigations suggest that 

androsterone and etiocholanolone are probably more important quanti• 

tatively as metabolites of testosterone and dehydroisoandroaterone than 

is indicated by the urinary levels of the two 17•ketosteroids. Gallagher 

et al (13Z) studied the metabolism of deuterium labelled androsterone 

and etiocholanolone administered intramuseularly to humans. Approxi

mately Z5 per cent of the androsterone and 50 per cent of the etiocho• 

lanolone administered were exereted unehanged within z4 hours. 

, Kappas et al (148) measured the levels of urinary metabolites tollowing 



the intramuscular administration of a large amount of etiocholanolone. 

From 75 to 90 per cent of the administered steroid was excreted unchan

ged. Insignificant quantities were excreted as etiocholane-3,17-dione 

or etiocholan-3~1 17~diol. When etiocholane-)p-ol-17-one was given, 

the principal metabolite was etiocholanolone (12.9 per cent of dose) 

while only 0.6 per cent was excreted unchanged. 

Slaunwhite and Sandberg (149) studied the metabolism of cl4-

etiocholanolone and C14-androsterone. The radioactivity was excreted 

in the urine quite rapidly (50 to 75 per cent in 4 hours) and the average 

recoveries of radioactivity during the 48 hours following the adminis

tration were 97 per cent for etiocholanolone and 83 per cent for andros

terone. Only 55 to 65 per cent of the injected radioactivity was re

covered unchanged in the urine and they concluded that a larger portion 

of administered testosterone may be converted to androsterone and 

etiocholanolone than is indicated by the isolation of these metabolites 

from urine. 

Fukushima and his co-workers (150) administered etiocholano• 

lone labelled with tritium in the )~position and found that only 55 

per cent of the administered radioactivity appeared in the urine as 

etiocholanolone. ~~st of the radioactivity not found in the etiocholan

olone was present in the urine in the form of tritium labelled water and 

other non-steroidal compounds. This indicated that there is considera

ble oxidation of the 3~-hydroxyl group after its formation. 

It was previously mentioned that the administration of etiocho

lanolone and androsterone in large quantities led to the isolation 
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of 18-bydroxyetiocholanolone and 18-hydroxyandrosterone, respectively, 

from urine (Z3). Tb.ese findings also 1nd1cate tbat androsterone and 

etiocholanolone are not end products of metabolic sequences. Scheider 

and Lewbart (Zl) also found 16«-hydroxyandrosterone after the adminis

tration of androsterone. several non•ketonic steroids which are pro

babl.y metabolites of androsterone and etiocholanolone have been isolated 

from urine. These compounds are etiocholan-)(,171-diol, androstan-~, 

17p-diol, etiocholan-)«,16~,17~-triol and androstan-~,1~,17/-triol 

(151). 

Bradlow et al (l5Z) studied the metabolism of dehydroisoandros

terone labelled in the ~position with tritium to determine whether 

oxidation of the 3- hydroxyl group occurred during the formation of 

ispandrosterone or whether it was formed by reduction of the double bond 

vithout prior oxidation. The isolated isoandrosterone had no tritium 

in the 3« position indicating that dehydroisoandrosterone was metabol• 

ized via a .3-ketone intermediate. Only a small fraa.tion of the admin

istered dehydroisoandrosterone vas excreted unchanged (.3.~ and z.7 

per cent of dose). There was a small amount of tritium in both the 

urinary androsterone and isoandrosterone but not at position .3, suggest

ing that some of the tritium removed during oxidation of the .3-hydroxyl 

group was used in the reduction of the double bond. 

The oxidation of the .3~hydroxyl group on dehydroisoandrosterone 

is irreversible as the administration of .3-keto-~·androsten-17--one 

does not yield dehydroisoandrosterone (150). 

From an exaudnation of the urinary metabolites excreted in etudies 

using C19 and Czl steroidal precursors, Dorfman (15.3, 15~) advanced a 
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general rule Yhich may aerve as a guide in predicting the ratio of ~ 

reduced metabolites to 5~reduced metabolites in the urine. C19 

steroids containing a 3~bydroxy~tt group or a ~4-3-ketone group plus 

a 17-ketone group ai ve rise to urinary metabolites having a 5tl(/S Il ratio 

of approximately 1. Cl9 steroids w1 th a 17-ketone and a A4-3-ketone 

plus an additional oxYaen function at carbon 11, aive rise to metabol- · 

i tes havi na a 51:(151' ratio mu ch greater than one. Czl steroids vi th 

a ~4-3-ketone group lead to 17-ketosteroid metabolites vi th the 5/l-
configuration predo.lllinatina. A comparison of the SCd5fl ratios of the 

urinary 17-ketosteroid metabolites arising from the c21 and c19 steroids 

has led to the conclusion tbat c21 steroids are transformed to 17•keto-

ateroids following reduction in ring A. If aide chain cleavaae 

occurred first, the product vould be~4-androatenedione which gives 

ri se to urinary metabolites wi th a 5o(15fJ ratio of approxiJDately one. 

Although it is aenerally aasumed tbat the liver is the 

organ principally reaponaible tor the peripheral metabolism of steroids, 

there have been very tew in vitro studies on the JJ18tabolism of dehydro-

isoandrosterone by liver tissue. In 1948, Schneider and Mason (1,5) 

reported that rabbit liver slices could convert dehydroisoandroaterone 

to â5-androstene-3Al7l-diol and t.'-androstene-3,1f,l6-r,l71-"triol. · The 

sulpbates of dehydroiaoandrosterone and~S-androstene-~,17~-diol vere 

also formed. A rabbit liver homoaenate converted dehydroisoandrostewone 

to~5-androstene-3~17;'-diol. Klempien et al (156) perfused debydro-

isoandrosterone through an isolated dog liver and found evidence for 

tvo types of metabolism. The dehydro180androsterone vas converted to 



~-androstene-31.171-diol. testosterone and A4-androstenedione. Dehy

droisoandrosterone sulphate was also formed. Tbere was no evidence 

for the formation of glucosiduronidates. 

CONJUGA.TION OF 11-KE'l'OSTEROIDS. 

The fact that 17-ketosteroida are excreted as conjugates was 

recogn1zed early in the stud; of steroid metabolism. Butenandt (1. 

Z) found that when he boiled urine with hydrochloric acid before 

extraction with chloroform he obtained an increased yield of andro

genic material. 

The first actual isolation of a 17-ketosteroid conjugate was tbat 

of androsterone sulphate from the urine of a man vith an interstitiel 

cell tuaor of the testes. This finding by Ventdng et al <49> in 1942 

was followed in 1944 by the report of Hlnson et al (157) on the 

isolation of dehydroisoandrosterone sulphate following the ingestion 

of the free compound. 

An indication that androsterone and etiocholanolone are 

exereted as glucosiduronidates was obtained. by Mlson (35) who found 

that these steroids were released by a preparation of{J-glucuronidase 

from rat liver. Following the intravenous adDdnistration of testoster

one, West et al (158) isolated the steroid conjugate fraction of urine 

and after purification obtained good evidence for the presence of andros

terone and etiocholanolone glucosiduronidates although they were unable 

to separate them. 

Schneider and Lewbart (Zl) isolated and separated the urinary 

steroid conjugates folloWing the administration of large quantities of 



androsterone and dehydroisoandresterone to humans. The major urinary 

conjugate found after the androsterone had been given was androsterone 

glucosiduronidate. The major metabolite of the androsterone was iaoan

drosterone sulphate. Androsterone sulphate was also found in smaller 

quantities. The fraction of the steroids excreted as glucosiduroni

dates remained quite constant despite variation in the dosages. After 

giving dehydroisoandrosterone, large quantities of debydroisoandroster

one sulphate were excreted. In addition, considerable quantities of 

androsterone and etiocholanolone glucosiduronidates vere found and a 

small quantity of debydroisoandrosterone glucosiduronidate was also 

isolated. 

Debydroisoandrosterone glucosiduronidate bas recently been 

identified in normal human urine following the administration of a 

trace dose of labelled debydroisoandrosterone (159)• 

It was previously thought that the formation of steroid conju

gates was a mechanism for facilitating renal clearance, and that 

these conjugates were metabolic end-products. This concept was dispro

ved by Roberts et al (16o) with respect to the sulphates by adadnistra

tion of ~-H'•debydroisoandrosterone sulphate to normal subjects and 

isolation from the urine of labelled androsterone and etiocholanolone 

which were excreted as glucosiduroniCates. This indicated that dehy

drOisoandrosterone and its sulphate are interconvertible in the body. 

The demonstration by Baulieu et al (161) that androstene-3pcl7~

diol-3 sulphate can be converted to dehydroisoandrosterone sulphate 

without cleavage of the sulphate group provided evidence that a steroid 

sulphate can be further metabolized. 



Siiteri and Lieberman (16Z) adDdnistered intravenoualy ran

domly ttitiated androsterone glucosiduronidate to normal subjecta. 

All the injected radioactivity was recovered in the urine as unchanged 

androsterone glucoaiduronidate. This indicated that the glucosidu

ronidate is a metabolic end product. 

The 17-ketosteroids in plasma axiat mainly as oonjugatea. The 

first 17•ketosteroid isolated from plasma waa dehydroiaoaDdrosterone 

which was obtained only after acid hydrolyais (16.3). Androsterone 

was isolated from plasma by the saœe methods (16~). Oertel and Eik 

Nes (16.5) reported the isolation of etiocholanolone and llfl-hydroxy-· · 

etiocholanolone from plasma following solvolysis and acid hydrolyais 

although the infra red spectra of their iaolated compound& were not 

wall defined. Baulieu (166) identified dehydroiaoandrosterone, androa-.. 

terone and etiocholanolone sulphates in plasma pools from .3 normal 

subjects and from .3 subjects receiving ACT.B. oertel and Eik Nes (167, 

168) have reported the existence of complexes of dehydroiaoandrosterone 

and phoaphoric acid in human plasma but theae resulta have not been 

confirmed. 

A number of investigations have shown that the rate of clearance 

of a 17-ketoateroid :from the body is dependent upon the nature of i ts 

conjugation. Bongiovanni and Eberlein (169) gave large doses of 

dehydroisoandrosterone ar androsterone to.huaan subjects either orally 

or intravenously and found that androsterone was cleared by the kidney 

much faater than dehydroisoandrosterone. Binee most of the dehydro

isoandroste•one vas excreted as the sulphate and most of the androsterone 



as the glucosiduronidate, it was concluded that sulphates are not 

treated in the same vay as g1ucosiduronidates by the kidney and bence 

are ezcreted more slowly. This could ezplain the higher blood l~vel 

of dehydroisoandrosterone. The dehydroisoandrosterone is present as 

the sulphate in the blood. 

Kellie and smith (170) obtained resulta similar to that of 

Bongiovanni and Eberlein. They found tbat etiocholano1one g1ucosidu

ronidate was cleared as rap1d1y as androsterone g1ucosiduronidate. In 

one of their plasma fractions, they obtained evidence for the presence 

of the glucosiduronidates of debydroisoandrosterone, 11-ketoetiocholano

lone and 1~-bydrozyetiocho1anolone. 

The levels of unconjugated dehydroisoandrosterone, androsterone 

and etiocho1anolone in the plasma under normal conditions are very 

low (171) and consequent1y a very sensitive method is necessary for their 

measurement. The levels of unconjugated debydroisoandrosterone and 

etiocholanolone in the plasma are high in soma patients with the so• 

called etiocholanolone fever. It was suggested that this may be due 

to a defect in the conjugation reactions. cara et al (l7Z) found a 

h1gh leval of plasma conjugated etiocholanolone in a patient with 

viriliz1ng adrenal hyperplasia and periodic fever. 

HacDonald et al (173) studied the excretion of 17-ketosteroid 

conjugates following the intravenous admdnistration of labelled 

dehydroisoandrosterone. There were marked differences in the rate of 

appearance of the sulphates of dehydroisoandrosterone, androsterone 

and etiocholanolone. The excretion of etiocholanolone sulphate, etiocho• 



lanolone glucosiduronidate and androsterone glucosiduronidate was 

almost complete within one day. It required :3 days for the excretion 

of 9:3 per cent of the dehydroisoandrosterone sulphate and 8Z per cent 

of the androsterone sulphate. 

'lllare ;18ve been several in vitro demonstrations of steroid 

glucosiduronidate and sulphate formation. Oohn and Hume (17-) per

fused labelled androsterone and etiocholanolone through dog kidneys 

by means of cannulae in the renal artery and vein and obtained good evi

dence for the formation of androsterone and etiocholanolone glucosi• 

duronidate by the kidney. When the two compounds were perfused simul

taneously there vas a higher yield of etiocholanolone glucosiduronidate 

than of androsterone glucosiduronidate and t.1:e suggestion vas made that the 

equitorial hYdroxyl of etiocholanolone vas conjugated more rapidly than 

the axial hydroxyl of androsterone. 'Ibis finding agrees Yi th tha t 

of the more rapid clearance of etiocholanolone in humans as reported 

by others. 

'lbe in vitro formation of steroid sulphates has been the 

subject of a number of studies. De ~~io et al (175) obtained some 

evidence for the formation of debydroisoandrosterane sulphate by rat 

liver homogenates but they did not identify their products. Roy (176) 

studied the aynthesis of dehydroisoandrosterone sulphate by a similar 

preparation and found the substrate specifie! ty to be very low. Schnei

der and Lewbart (177) incubated 3Z steroids vith a microsome--free 

aupernatant of a rabbit liver homogenate and obtained evidence that lA 

of them were conjugated wi th sulphuric acid. Tb.ese were mainly :3P-
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hydroxy-~ steroids and steroids with a 5~-bydrogen. These tindings 

are supported by the types of conjugates found in human urine, i.e. 

debydroisoandrosterone, androsterone and isoandrosterone are excreted 

largely as sulphates While etiocholanolone (5~-bydrogen compound) is 

usually excreted as a glucosiduronidate •. Testosterone vas also conju

gated wi th sulphuric acid in this system. Lipman (178) and Nose aod 

Lipman (179) were able to separ•te by means of electrophoresis the 

enzyme fraction of rat liver responsible for conjugating 3P-hydroxy 

steroids from those responsible for conjugatmg estrogenie steroids 

and a general phenol conjugating fraction. 

A general schema indicati~g the pathways involved in the 

metabolism of C19 steroids according to present knowledge, is shown 

in Figure ). 

THE ORIGIN OF URINARY DEBYDROISOANDROSTERI>NE IN MAN 

In 1938, Marker (180) diseussed the origin and interrelation

ships of the steroidal hormones and suggested tbat dehydroisoandroster

one vas a metabolite of A4·androstenedione. He did not agree wi th 

previous postulates that dehydroisoandrosterone was derived from choies-

terol via pregnenolone. 

Even as late as 195Z, Mlnson and Forsham (181) reported that 

dehydroisoandrosterone was present in the urine following the admdnis

tration of cortisone and hydrocortisone to three men who were adrenal

ectomized and gonadectomized. It can thus be seen that there was still 

very much confusion regarding the origin of this 17--ketosteroid. The 

above two papers suggest the traœ formation of a .0.4-3-ketone to a 3P-
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hydroxy-~5 configuration. This conversion bas never been shovn to 

occur i .':'1 the hu.man. 

In a series of papers (182 - 186), the Birachmanns reported the 

isolations of a number of metabolites with the 3P-h1droxy-~ conti-

guration from the urine of a boy W1 th adrenal carcinoma. 'lbe quanti

ties of dehydrotsoandrosterone in the urine of this subject vere very 

high. Other compounds isolated were 6?-androstene-3~,16c(,17,8-triol, 

t}-pregnene-3/J, 17«,2()<:(-triol, t} -Jn-egnene-3p,l6i(,ZO«-triol and f:t?-preg

nene-3p,2o~-diol. The authors suggested that the precursor of the 

urinary ô?-pregnene-3~,2~-diol might be pregnenolone. It bad been 

suggested earlier by other investigators that preg~lone is an i~ 

portant intermediate in the biosynthesis of steroids. 'lbe Birschmanns 

suggested that the isolations of considerable quantities of the~

pregnene•3P,z~-diol from urine indicated an excessive production of 

pregnenolone and this would account for the elevated excretion of the 

other steroids. 

Ideberman and Teich (187) discussed in an editorial the possible 

precursors of dehydroisoandrosterone. The authora suggeated that this 

precursor would have a 3~-hydrox:y-~ configuration. 

Steroids with the 3P•h:fdrox:y-~ structure are present in con

siderable quantities in the urine of many subjects with adrenocortical 

carcinome (22, 37, 38). With the exception of dehydroisoandrosterone, 

the levels of theae compound& in normal urine are very low. Some of 

these 38-hydroxy-L§ ateroids are now isolated regularly fzom normal 

urine as a result of the use of more improved methode. 
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In 1958, Fotberby (188) reported the isolation of three such 

3P-hydroxy•t? steroids from normal urine tor the first time. These 

coD'~unds were A5-androstene-3,8,17~diol, 65-pregnene•3,B,l7c.(,200(-triol 

and N-androstene-3f3',16,8,17p;'-triol. This was the first isolation of 

the latter compound from a natural source. It was suggested in this 

report that the ef-pregnenatriol might be a precursor of urinary 

dehydroisoandrosterone because i t possessed the 171:1(-hydro:x:yl group which 

is necessary for aide-chain c1eavage. 

Evidence for the formation of pregneno1one by the normal human 

was its isolation (189) from a plasma pool obtained from normal male 

subjects. The isolation of 17q-hydro:xyprO]esterone from normal human 

plasma was also reported in this a tudy. Al though the chromatographie 

evidence for these two compounds was good, the infra red spectra were 

poor. Oertel (190) isolated 17«-hydroxypregnenolone from the plasma 

of normal males and identified it by chromatography and infra red 

analysis. It was present at a concentration of 9·9 po per liter of 

plasma. 

In 1961, Wilson Cl91) analysed a number of urines for 3~-hydro:x:y

tf steroids and found A5-pregnene-3f-3,lk,20~-triol in all specimens 

analysed. This was evidence for the secretion of the presumed pre

cursor, 17«-hydroxypregnenolone. There was an inverse relationship 

between the levels ofA5-pregnenetriol and dehydroisoandrostercne, in

dicating that the level of the triol may be higher when there is a de

creased conversion of 17«-hydroxypregnenolone to the 17-ketosteroid. 

The urinary steroid, ~5-pregnene-3t3,20C(-dio1 was also found in all the 
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urines examined. In a subject vith adrenal carcinoma, amphenone caused 

a parallel decrease in both urinary pregnenetriol and dehydroisoandros

terone, thus indicating a common precursor. When a large dose of 

cholestero1-c14 was given to a patient Vith adrenal carcinoma, the 

specifie activities of the urinaryAS-pregnenetriol and debydroiso

androsterone was quite similar. 

Cholesterol and pregnenolone are not quantitatively important 

as precursors of dehydroisoandrosterone. Burstein and Dorfuan (19Z) 

reported very low conversions of these two steroids as well as mevalonate 

to urinary 17-ketosteroids by a female subject with an adrenal adenoma 

and a dehydroisoandrosterone excretion of 7?0 mg per day. A femalè 

subject wi th adrenal carcinome. also. gave very small conversions of cho

lesterol to urinary 17-ketosteroids (Z4). 

Ungar et al (1,3) studied the conversion of acetate-cl4 to 

urinary steroids in two patients in the terminal stages of adrenal car

cinoma. The authors were able to detect traces of radioactive dehydro

isoandrosterone, androsterone, etiocholanolone,~5-androstenediol and 

LS?-pregnenediol in the urine from one of the two patients. 

In 1960, Solomon et al (119) reported the in vivo conversion 

of 17«-hydroxypregnenolone to dehydroisoandrosterone, androsterone 

and etiocholanolone by a patient with adrenal carcinome and extensive 

metastases. The per cent conversion to these three compounds was 4.;J 

of which 65 per cent was accounted for by dehydroisoandrosterone. This 

patient was excreting large quantities of 17-ketosteroids (1?8 mg of 

dehydroisoandresterone, 18 mg of androsterone and z6 mg of etiocholano

lone per Z4 hours). The same experiment was repeated in a normal male 



and the conversion vas less than 0.1 per cent. Two possible explana

tions for this large difference were suggested. The first. the more 

plausible of the two, vas that the large mass of metastatic tissue was 

responsible for the enhanced conversion; the second possibility vas 

that the high levels of circulating dehydroisoandrosterone was affecting 

the conversion of the admdnistered 17~-hydroxrpregnenolone to the 

urinary 17-ketosteroids. The plasma level of dehydroisoandrosterone 

in the patient wi th adrenal carcinoma vas approximately 1100 p-a per lOO ml 

as compared to lOO frl per lOO ml in the normal subject. 

The object of the studies to be described vas to attempt to 

determine experimentally the effect of the level of circulating dehydro

isoandrosterone on the transformations of labelled J 1«-hydroxrpregnen

olone. The conversion of 17c.t ... hydroxr pregnenolone to urinary 17-keto

steroids by a subject lacking pituitary, adrenals and gonads was also 

measured. The object of this study was to determine if the presence of 

these endocrine tissues was necessary for these conversions. 



KXPERIJ.ENTAL 

METHODS 

Determination of Radioactivity in Sa!fles 

Aliquots of samples to be counted were evaporated under nitrogen 

in 5 dram vials (Wheaton Glass Company) and dissolved in S ml toluene 

containing 0.3 per cent of Z,S-diphenyloxazole and o.ol per cent of 

1 14-bis-Z(phenyloxazolyl)-benzene. Compounds insoluble in toluene were 

dissolved in o.l or 0.2 ml methanol prior to the addition of the toluene 

counting mixture. To correct for quenching encountered in the neutral 

extracts and in these samples first dissolved in methanol, an internai 

standard in 0.3 ml of toluene was added and the vials vere recounted. 

A Packard Tri-carb Liquid Scintillation Spectrophctometer (MOdal 

314-X) was used for counting. Tritium vas counted with the photomul

tiplier set at voltage tap 6 (1,050 volts) and the pulse height discrim

inators set at 10 and 100. The efficiency for tritium at these settings 

vas approximately 16 per cent. carbon-14 vas counted with the photo

multiplier set at voltage•p 3 (74S volts) and the pulse height dis

criminatcrs set at 10 and lOO. The efficiency for carbon-14 counting 

at these settings vas approximately 60 per cent. 

For the simultaneous counting of tritium and carbon-14 the photo

multiplier voltage was set at tap 5 (1,000 volts) With the pulse height 

discrimina tors set at 10 and 95. Under these conditions most of the 

tritium counts appeared in the first channel (10 to 95). Approximately 

two thirds of the cl4 counts appeared in the second channel (95 to oa) 

and the other third appeared in the first channel. 



The total tritium and carbon-1~ counts were calcalated using the 

discrim!nator ratio method of Okita et al (lJ4) as modified by Ulick 

(1,5). The follo~ng equations were used& 

where Nl • total counts in first channel 

Nz • total counts in second channel 

a= H3 in second channel 
It3 in first channel 

b. cll+ in second ChaD.Ilel 
c14 in first channel. 

On our liquid scintillation spectrometer. the optimum conditions 

for double label counting were obtained when the •a• ratio was maintain-

ed between 0.018 and o.ozl+ and the •b• ratio was between 1.7 and z.z. 

~anor variations in high voltage tap settings and pulse height discri~ 

inator settings were made from time to time to maintain these optimal 

counting conditions. 

For most of the samples counted, a 20-Ddnate ooanting time was 

suf:ficient to gi ve a standard error of 2 per cent. Where the ratio 

of total counts to background counts was lov, a longer counting time 

was employed in order to maintain a standard error of at least 5 per 

cent. 

The specifie activity of a compound was considered to be esta-

blished vhen the difference between the values for the final crystals 

and mother liquor was 10 per cent or lesa. 

Melting Points and Infrared Analysis 

All mel ting points were ta.ken on a Ko!'·ler Block (H.O. Post 



Scientific Instrument Co. Inc.). Infrared spectra vere done on a 

Perkin~Elmer V~del 221 Spectrophotometer. For infrared analysis the 

steroids vere prepared either in cs2 solution or as potassium broudde 

dises. 

Paper Chromatograpèl 

Strips of 'Whatman No. 1 fil ter paper 15 x 42 cm were used. The 

solvent systems used in this studY were (1) ligroin B:methanol:vater 

(1019:1) and (2) ligroin C : propylene glycol. In the ligroin B: 

methanolawater system the papers were first equilibrated in an atmos

phere of the mobile and stationary phases for 4 houra. The chromatograms 

vere then developed with mobile phase. The ligroin C : propylene glycol 

system was run as described by Bavard (196). The papers vere impregna

ted with propylene glycol 1 méthanol (1:1) and blotted just prior to 

application of the samples. The papers were not equilibrated with 

the solvents prior to running in this system. 

The 17-ketosteroids run as standards on the chromatograms vere 

located by the method of Bavard (196), whereby the standard strip was 

dipped in z.5 N KOH in absolute ethanol, blotted, dipped in 2 per cent 

m.- dinitrobenzene in absolute ethanol, blotted and heated in an oven 

to 60-70°C. The 17•ketosteroids appeared as violet spots. This 

method is a modification of the Zimmerman reaction. 

Compounds vere eluted from the paper chromatograms by cutting 

the desired area into small squares and immersing them in methanol 

overnight. The methanol was then separated from the paper by fil tering 

tbrough a sintered glass funnel. The paper squares were rinsed severa! 



times w:i. th methanol. '11le fi rst methanol and the rinses vere collbined 

and evaporated to dryness on the flash evaporator. 

Determination of Plasma Levels of Debydroisoandrosterone and Androsterone 

The plasma concentrations of dehydroisoandrosterone and andros

terone vere determined by the method of Burstein and Lieberman (190). 

The blood samples vere collected in tubes containing potassium 

oxalate crystals. They vere centrifuged immediately and the plasmas 

vere transferred to measuring cylinders. 

The plasma from each sa~le vas deproteinized by shaking Vith 

three times its volume of freshly distilled tetrahydrofuran. •olloWing 

the addition of a veight of ammonium sulphate equivalent to 80 per 

cent of the plasma volume, the mixture vas shaken again. It vas then 

filtered through Whatman No. 1 filter paper in a Buchner tunnel. The 

filtrate vas transferred to a separatory tunnel and the lover phase 

was discarded. The upper (tetrahydrofuran) phase vas filtered through 

glass vool and 0.09 ml of 70 per cent percholoric acid per lOO ml 

tetrahydrofuran added. The tetrahydrofuran vas then placed overnight 

in an incubator at 3~C. The tetrahydpofuran extract was neutralized 

vith concentrated ammonium hydroxide and then evaporated on the flash 

evaporator. The residual aqueous phase vas transferred to a separatory 

funnel Yi th lOO ml. of ethyl acetate and 10 ml of o.l N NaOli and shaken. 

The lover phase vas discarded. The ethyl acetate was washed three 

times by shaking with distilled water, dried over sodium sulphate and 

evaporated to dryness on the flash evaporator. 

The dry extract vas chromatographed on a Z gm silica gel column. 
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The column was prepared in distilled methylene chloride and then 

vashed with 30 to ~o ml of the same solvant. The extract vas trans

ferred to the column in methylene chloride. The column vas then develop

ed Witb the folloving fractionsa (l) 60 ml of methylene chloride; 

(Z) ~o ml of 0.5 per cent ethanol in methylene chloride; (3) ZO ml 

of a l par cent ethanol in methylene chloride; (1) ZO ml of 2 per cent 

ethanol in methylene cbloride; (5) ZO ml of 3 per cent ethanol in 

methylene chloride and (6) ZO ml of 10 per cent ethanol in methylene 

chloride. The fractions vere taken to dryness under vacuum. Eractions 

3, ~ and 5 were combined and chromatographed on paper in the ligroin 

B t methanol water system for 10 hours vith debydroisoandrosterone and 

androsterone as standards. The areas on the paper corresponding in 

mobilit.Y to the two standards vere eluted aeparately by cutting eacb 

into small squares and allowing them to stand overnight in methanol. 

Aliquote of eacb eluate were then removed for micro--Ziamerman deter

mination. 

For the colorimetrie determination of the debydroisoandrosterone 

and androsterone, the aliquots of the paper chromatogram eluates vere 

evaporated under a stream of nitrogen and to each vas added 0.1 ml 

absolute ethanol, 0.1 ml z per cent dinitrobenzene in absolute ethanol 

and 0.1 ml 5 N KOH in vater. After mixing, the tubes vere placed 

in the dark for 1 hour. Distilled water (0.3) and freshly distilled 

tetrabydrofuran (1.5 ml) were added tc each tube. The tubes vere then 

shaken and the upper phase vas filtered through z ml syringes into o.8 

ml microcuvettes. The needles of the syringes had cotton placed in 



them. The optical densities of each sample were then read in a 

Beckman DU Spectrophotometer at 44o, 520 and 6oo Dfl• The corrected 

optical density was thenealculated using the Allen equation (198)1 

Corrected optical density 

• optical density at 520 ap 

- i (optical density at 6oo Dfl + optical 
density at 420 ap>• 

Simultaneously with the colorimetrie determination of the plasma 

samples debYdroisoandrosterone standards of 15, 30 and 45 pa were also 

processed as described for the unknown. 

llydrolysis of Urinau Conjuaates and Extraction of steroids 

In order to hydrolyse the steroid glucosiduronidates, each 

24 hour urine collection was first adjusted to pB 5.0 with 50 per cent 

sulphuric acid. Five per cent by volume of 2 M acetate buffer pB 5.0, 

10 ml chloroform and 500 uni ts/ml of ,B •glucuronidase (Ketodase 1 obtained 

from Warner•Lambert, canada Limited) were added to each urine speci-

men. Fol1oWing incubation at 37oc for 5 days, each urine was extracted 

wi th etbyl acetate (1 x 1 volume + 2 x i volume). 'lbe collttined etbY1 

acetate extracts were washed with 25 ml aliquots of 1 N NaOH until no 

furtber pigments were being removed and then with distilled water 

until neutral. The ethyl acetate was dried over anhydrous sodium sul-

phate and evaporated to dryness on a flash evaporator. This extract 

contained the steroids excreted in the free form plus those excreted 

as glucosiduronidates. 

The coubined aqueous phases (urine plus Naœ and water washes) 
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were then proceased by the solvolysis procedure of Buratein and Lieber

man (199) which cleaves the sulphuric acid eonjugatea of the ateroids. 

The urine plus washes were adjusted to pH 1 vith aulphuric acid. 

Twenty per cent by volume of sodium chloride vas added to each spe

cimen and the urine was then extracted in five parts vith an equal 

volume of tetrahydrofuran (refluxed and freshly diatilled over potassium 

hydroxide pellets). The tetrahydrofuran solution waa filtered through 

glass wool and 0.09 ml of 70 per cent perchloric acid per lOO ml of 

tetrahydrofuran were added. After incubation overnight at 370C., 

5 ml of concentrated ammonium hydroxide per liter of tetrahydrofuran 

were added and the organic solvent was then removed on the flash evap

orator. The residual aqueoua fraction waa transferred to a aeparatory 

tunnel with 50 ml of 0.1 N NaOH. It was extracted with ethyl acetate 

(300 + Z x ZOO ml). The combined ethyl acetate extracts were washed 

with l N NaOH solution and distilled water until neutra!, dried over 

anhydrous sodium sulphate and evaporated to dryness on the flash 

evaporator. This extract contained the steroids excreted as sulphates. 

Chromatoqraphl of Extracts 

The extracts were first chromatographed on silica gel columns 

prepared in me~lene chloride. This initial column separated the 

17-ketosteroids from the more polar metabolites of 1~-hydrosypregneno

lone (e.g. pregnenetriols). The column was developed first with 

methylene chloride followed by solutions of o.;, 1, z, 3, 4, 5, 6, 8, 

10, zo and 50 per cent ethanol in methylene chloride in that order. 

An aliquot of each fraction was removed for radioactivity determination. 
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The 17-ketosteroids vere eluted by 3 and ~ par cent ethanol. The 

fractions from each column vere combinee according to the radioactivi•~ 

content. 

The 17-ketosteroid fractions from the silica gel column vere 

then chromatographed on alumina using the gradient elution technique 

of Lakshmanan and Lieberman (200). Neutral Woelm aluRdna containing 

5 per cent (v/w) of water vas used. A 15 gram column vas prepared in 

benzene. The solvent reservoir for the column contained 700 ml of 

benzene. A dropping tunnel attached to the top of the reservoir con

tained ~ per cent ethanol in benzene. The apparatus used vas tbat 

designed by the originators of the method. Air pressure vas used to give 

a flow rate of 2.5 ml per minute. Tan ml fractions vere collected 

from tubes 1 to 20 and tubes 61 to lOO. Five ml fractions vere col

lected from tubes 21 to 60. The Zimmerman reaction vas performed by 

the method of Holtorff and Koch (201) on one-tenth of each fraction 

after it vas taken to dryness. The column fractions vere then combined 

into groups according to the pattern of elution of Zimmerman chromo-

gens and~porated to dryness. Aliquots vere removed for counting. 

The dehydroisoandrosterone, androsterone and etiocholanolone as 

obtained from the gradient elution column (the sequence of elution of 

the different 17-ketosteroids vas known from runs with standards) 

vere further purified by chromatography on paper in the Skelly Solve 

C/propylene-glycol system. The 17-ketosteroids (a maximum of 12 mg 

per paper) vere applied to a 13 cm starting line. The chromatograms 

vere developed for 2~ hours vith Skelly Solve C and dried overnight 

at room temperatur• in a fume hood. A 3.~ mm strip vas then eut 

from the center of the chromatogram and stained by the Zimmerman 



reaction as applied to paper. The area on the remainder of the chro

matogram corresponding to the Zimmerman positive material vas eluted. 

To remove the last traces of propylene glycol from the samples, they 

were partitioned betveen etbyl acetate and distilled water. The sam

pies were dissolved in ZOO ml of etbyl acetate and the solution was 

washed three times with distilled water (ZO ml +Z x 10 ml). The 

ethyl acetate vas dried over sodium sulphate and evaporated to dryness 

on the flash evaporator. 

Tb facilitate crystallization of the individuel 17•ketosteroids 

at this stage they vere percolated throup small alumina columns prepar•·· 

ed in benzene : ligroin B (111) Harshaw alumina (ZOO mesh) which had 

been deactivated by the procedure as described by Solomon et al (119) 

was used. The alumina was refluxed with ethyl acetate for 5 days, 

the solvent was removed by filtration. The alumina vas vashed further 

vith methanol, then continuonsly with water for Z days and again 

wi th methanol. The alumina was dried overnight at lOO lZOOC. and 

deactivated by the addition of 5 ml of vater per lOO gm. It vas stored 

in tightly stoppered botties. The veight of alumina used vas lOO times 

that of the veight of steroid being purified. The smalleat columns 

used contained 1 gm of alumina. The columns were developed vi th 

ligroin B : benzene (1:1), ligroin B : benzene (1:4), benzene, benzene 

: ether (99:1), benzene-ether (98tZ), benzene 1 ether (96:4) and ben

zene 1 ether (9:1). The 17-ketosteroids vere eluted in the first three 

benzene:ether mixtures. The column fractions were evaporated under 

vacuum and coœbined after a visual exam:Lnation of the residue in each 



flask. The 17-ketosteroids vere usually crystalline at this stage. 

Preparation of 17-Ketosteroid Derivatives 

The acetates vere prepared by dissolving the steroids in pyridine 

and acetic anhydride. The pyridine and acetic anhydride vere used in a 

ratio of Z:l. A minimum of o.z molar excess of acetic anhydride per 

mole of steroid was used. The minimm volumes of reagents used vere 

o.z ml pyridine plus 0.1 ml acetic anhydride. After standing overnight 

at room temperature, e:îther the excess acetic anhydride and pyridine 

vere removed under a stream of nitrogen or the reaction mixture vas 

added to lOO ml of ice Wàter containing 5 ml 6 N HzS04, vhich was 

e:x:tracted four times wi th 50 ml etbyl acetate. The comined etbyl ace

tate extracts vere washed vith 6 N BzSOJ,. (? x 5 ml), 1 N NaOB (3.x 5 ml) 

and distilled water (three times), dried over anhydrous sodium sulphate 

and evaporated to dryness on the flash evaporator. The acetates were 

then percolated through small alumina columns vhich vere prepared in 

ligroin B : benzene (4:1). The columns were then developed with 

ligroin B 1 benzene mixtures (7:3, 6:4, ltl, 4:6, 3:7, 1:4, 1:9), in 

that order, followed by benzene. The acetates vere eluted by the 

last three ligroin B tbenzene mixtures and the benzene. The fractions 

containing the steroid acetate (as determined visually) were combined. 

Benzoates vere formed by treating the steroid dissolved in 

pyridine, vith a minimum of a o.z molar excess of benzoyl chloride. 

The reaction vas performed overnight at room temperature. The reaction 

mixture vas then poured into ice water and processed in the mnner 

described for the acetylations. The resulting extracts vere chromato

graphed on alumina and then crystallized several times. 



One of the derivatives of debydroisoandrosterone was the 3-

acetate-5,6~-epoxide formed from the 3-acetate. The dehydroisoandros

terone acetate was dissolved in 1 ml of chloroform and treated vith 

20 ml of a solution of perbenzoic acid (8.2 mg/ml) in benzene. The 

mixture was placed in the refrigerator for 70 hours and then added to 

lOO ml of disti11ed water. The steroid was extracted vith ethyl ace

tate (6 x ~o ml). The coubined ethy1 acetate extracts were washed 

with 1 N NaOH (3 x 10 ml) and disti11ed water (three times), dried 

over anhydrous sodium su1phate and evaporated to dryness on the flash 

evaporato~. The dry extract was chromatographed on an alumina co1umn 

prepared in ligroin B : benzene (~:1). The co1umn waa deve1oped vith 

ligroin B : benzene mixtures (~:1, 3:2, 1:~), benzene and benzene : 

ether mixtures (199:1, 99:1, 98:2, 95:5, 9:1, ~:1, 1:1) and ether. 

The dehydroisoandrosterone-3-acetate-5,6~-epoxide was eluted in a 

large number of fractions by the benzene a ether mixtures. The frac

tions containing crystalline materiàl were combined and crystal1ized 

several times. 

The perbenzoic acid used for the formation of epoxides was 

prepared ~rom benzoyl peroxide (28Z). A total of 5.Z gm of sodium 

was dissolved in 100 ml of absolute methanol with cooling. The 

resulting sodium methoxide was cooled by immersion in a dry ice -

acetone freezing mixture. A solution of 50 gm of benzoyl peroxide in 

ZOO ml of dry ch~oroform was prepared and cooled to oo. The sodium 

methoxide was added immediately vith shaking and cooling so that 

the temperature did not rise above o0 • The mixture was kept for ~ -



5 minutes in an ice-salt bath with continuous shaking and transferred 

to a separatory funnel where it was rapidly extracted With 500 ml of 

water (containing ice) to obtain sodium perbenzoate. The aqueous layer 

was extracted twice with lOO ml portions of cold chloroform to remove 

metbyl benzoate. The perbenzoic acid was formed from the sodium per

benzoate in the aqueous solution by the addition of ZZ5 ml cold 1 N 

HzSO~. The acid was extracted from solution with cold benzene (3 x 

lOO ml). The benzene solution was uaëd for the oxidations. The solu

tion of perbenzoic acid was standardized against 0.1 N sodium thio

sulphate. The 0.1 N sodium thiosulphate was prepared by dissolving 

~9.6 gm NazSz0,.5HzO and 1.6 gm NaOH in water and the solution was 

diluted to a volume of ~ liters. The sodium thiosulphate solution 

was standardized against potassium biniodate. Twenty-five ml of 0.1 

N Kl"3.HI~, z gm KI, 5 ml concentrated HCl and ZOO ml of water were 

titrated with the sodium thiosulphate solution using chloroform as an 

indicator. The amount of active oxygen in the perbenzoic acid was 

estimated by iodometric titration. One gram of sodium iodide was dis

solved in 50 ml of water. Five ml of glacial acetic acid and 5 ml of 

chloroform were added. One ml of the perbenzoic acid solution was 

added. The liberated iodine was titrated with the sodium thiosulphate 

solution. 

Sodium borohydride reductions were performed as described by 

Norymberski and Woods (Z03). A o.~ per cent solution of the steroid 

in methanol was prepared. l1.ter the addition of 1.6 moles of solid 

sodium borohydride per mole of steroid, the mixture was kept at 0°C 
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for 1 hour. Several drops of acetic acid vere added to stop the 

reaction and the methanol vas removed under vacuum on the flash 

evaporator. The residue vas dissolved in lOO ml of ethyl acetate 

vhich vas then w.ashed. w1 th 0.1 N Naœ (3 x 5 ml) and distilled water 

(3 times), dried over anhydrous sodium sulphate and evaporated to dry

ness on the flash evaporator. Following chromatography on an alumina 

column the steroid derivative vas crystallized. several times. 

Check of Puri ty of 1ZO<-Bldrox,yprepnenolon~7o(TH3 

The 17.o<··hydroxypregnenolone-zcx.-H3 (Z .56 p.c/pg) used for these 

experimenta was purchased ~rom the New England Nuclear COrporation. 

On arrivai, it was stored. in benzene-ethanol (3tZ). Aliquots of 

this solution vere further diluted with methanol for counting. 

To test the homogenei ty of the 17«-hydroxypregnenolone-ZO<-a3, 

a total of 1.57 x 1o6 cpm vas mixed vith 99.6 mg of non-radioactive 

17o<·-hydroxypregnenolone and the mixture was acetylated overnight 

vith pyridine and acetic aah7dride. The resulting 3-monoaoetate was 

crystallized three times using acetone and acetone;methanol mixtures. 

Following each crystallization, approximately 1 mg of the crystals 

were removed and accurately weighed on a ~ttler microbalance before 

transfer to a vial for cnunting. The unfractionated mother liquors 

vere accurately weighed·, dissolved in a known volume of methanol and 

an aliquot of the solution corresponding to approximately 1 mg of 

steroid was removed for counting. The specifie activities (cpm/mg) 

of the crystals and mother liquors from each crystallization vere de

termined and compared to the expected value. 



Administration of l?i-Bydro!Jpreanenolone--j%-u3 to Sabjects 

In the preparation of the l~-bydroxypregnenolone-~-H3 for 

administration to the subjects under study, a known number of counts 

(approximately 8 x 106 cpm) was taken to dryness in a sterile vial 

under a stream of nitrogen. For injection the material was dissolved 

in 1 ml of absolute ethanol and diluted with 15 ml of sterile saline. 

It was then administered intravenousl.y over a period of 3 - 5 minutes. 

Blood was twice drawn back into the syringe and re-injected. Following 

the injection, the vial, syringe and needle were washed with saline 

and ethyl acetate. The combined etbyl acetate extracts were washed 

three times vith water and dried over sodium sulphate and evaporated 

to dryness on a flash evaporator. Aliquots of this extract were 

removed for radioacti vi ty determination. The number of counts in the 

syringe wash was subtracted from the number originally prepared for 

the injection to determine the number of counts actually administered. 

EXPERIMENTJ\L DESIGN A.ND SUBJECTS 

Two subjects were used for these experimenta. For the experi

menta planned to study the effect of an increased plasma level of de- · 

hydroisoandrosterone on the conversion of 1~-hydroxypregnenolone to 

urinary 11-desoxr-17-ketosteroids, the subject was a 37-year•old 

normal male who was excreting 12.1 mg of 17-ketosteroids per day. 

This value was obtained by summing the individual excretions of the 

17-ketosteroids which were separated by a gradient elution column and 

assayed by the Zimmerman reaction. 
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In the first control experiment (Experiment I) the subject re

ceived only an intravenous injection of l~·hydroxypregnenolone-~-H3. 

In the second experiment (Experiment II) the same subject was given 

lOO mg of dehydroisoandrosterone per os at hourly intervals for a 

period of 14 hours. Blood samples were drawn at o, 4, 8 and 13 hours. 

The plasma concentrations of dehydroisoandrosterone and androsterone 

in these samples were determined. The same amount of labelled 17~

hydroxypregnenolone vas given at the eighth hour. Experiment III 

was performed to study the effect of the absence of certain endocrine 

tissues on the conversion of 1~-hydroxypregnenolone to urinary 17-

ketosteroids. The subject was a patient with breast cancer who had 

been hypophysectomized, adrenalectomized and ovariectomized. She 

was injected with 17~-hydroxypregnenolone-7~-u3. 

In all three experments, complete 24-hour urine collections 

were made for the four days following the administration of the labelled 

17~-hydroxypregnenolone. Dehydroisoandrosterone, androsterone and 

etiocholanolone were then isolated from these urines and the quantity 

of each as well as the amount of radioactivity in each of the three 

metabolites were determined. 

The urines were first treated With~-glucuronidase to hydrolyse 

the steroid glucosiduronidates and then subjected to the solvolysis 

procedure to hydrolyse the steroid sulphates. In Experiment III an 

ethyl acetate extraction was not done on the urines folloWing the 

~-glucuronidase hydrolysis. The urine was solvolysed directly. In 

this instance, the steroids liberated by the~-glucuronidase and the 

steroids released by solvolysis were recovered together in the final 



extract. Aliquots of each extract in each experiment were removed 

for counting~ 

The urine extracts for the three experimenta vere combined as 

follows:-

Experimenta I and II: For each of the two experimenta the extracts 

obtained after~glucuronidase treatment and those obtained after 

solvolysis were processed separately. Experiment Ilia The extracts 

which contained the steroids excreted as the glucosiduronidates and as 

the sulphates during the 4 days of urine collection were combined and 

9.64 mg of dehydroisoandrosterone, 9·438 mg of androsterone and 

9.806 mg of etiocholanolone vere added to the combined extracts to 

facilitate isolation of the excreted metabolites. 

Folloving the chromatography of the extracts on the silica gel 

columns, the 17-ketosteroid eluates resulting from~-glucuronidase 

hydrolysis and solvolysis vere combined in Experiment I, Wbile in 

Experiment II they vere not combined as it vas anticipated that large 

amounts of urinary dehydroisoandrosterone would be present in the 

solvolysis extract. Hovever, the corresponding ketosteroids from the 

two extrects in Experiment II were combined after paper chromatography. 

After the paper cbromatography step in Experimenta I and II, aliquots 

vere removedfrom the three 17-ketosteroid fractions for radioactivity 

and micro•Zimmerman quantitation. 

Following the percolation of the steroids through the small 

alumina columns, they vere crystallized several times and the specifie 

activities of the crystals and unfractionated mother liquors vere 

determined as described above in the determination of the purity of the 
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17!(-hydroxypregnenolone-7c(-H3. · When i t was apparent that homogenei ty 

bad been established by this process 1 i.e. the specifie activities 

of the crystals and mother liquor from the final crystallization agreed 

within the limita of experimental error, the 3-acetate of each of the 

17-ketosteroids was formed. In Experimenta I and III carrier steroid 

was added to a known number of counts prior to the formation of the 

acetate. In Experiment I, 30.4 mg carrier dehydroisoandrosterone was 

added to 3,ZZO cpm, 69.7 mg androsterone was added to l6,zoo cpm and 

49.8 mg etiocholanolone was added to 9,360 cpm. In Experiment III, 

8.116 mg androsterone were added to 1,433 cpm and lZ.OZl mg etiocho

lanolone were added to 3, 889m cpm. 

The acetates of the three 17-ketosteroids in Experimenta I 

and II were prepared and crystallized several times until the specifie 

activities of the crystal& and un!ractionated mother liqnors were the 

same w1 thin the limi ts of experimental error. In Experiment III 

further derivatives were prepared from the 17-ketosteroid acetates 

prior to crystallizations. 

In Experiaents I and II, a second derivative of each of the 

three 17-ketosteroids was prepared. In the case of dehydroisoandros

terone, the 3-acetate-5,6,~-epoxide was formed from the )•acetate. 

The androsterone acetate samples in the three experimenta vere con

verted to the 3~,17f~diol-3acetate derivative with sodium borohydrode. 

The etiocholanolone-3--acetates from the three experimenta 

were reduced with sodium borohydride, following which the 17--benzoate 

was prepared. 
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The minimal percent conversions of the injected 17c(-b.ydroxypregneno-

1one to each of the 11-desoxy-17-ketosteroids was ·calculated using 

the relationship:-

% Conversion • KSk x lOO 
cpm of injected steroid 

where K • excretion of steroid over the ~-day peroid of 

the study 

Sk • specifie ac ti vi ty of isolated x. 

RESULTS 

PURITY OF 17c<-HYDRQX.YPREGNENOLONE-?=<-~ 

That the 17~-hydroxypregnenolone--~-H3 used for these expertments 

was at least 97 per cent pure . can be sarmised from Table II. A 

total of 1.57 x 106 cpm of l~-hydroxypregnenolone-~-H3 plus 99.6 mg 

of non-radioactive carrier was acetylated and the resulting 17~-hydroxy-

pregnenolone acetate was crystallized three times. The specifie ac-

tivities of the crystals and unfractionated mother liquors are pre-

sented in the table. These specifie activities did not differ signi-

ficantly in the crystals and mother liquors, and vere the same as the 

calculated specifie activity Within the limits of experimental error. 

PLASI•IA CONCENTRATIONS OF DEHYDROISOANDROSTERONE AND ANDROSTERONE 

.AFTER DEHYDROISOANDROSTERONE FEEDING IN EXPERINENT II • 

Prior to Experiment II, 1t had been determined experimentally 

that the plasma level of dehydroisoandrosterone could be elevated by 



TABLE II 

Test for homogeneity of 17%-h:dro;rpregnenolone-z~-BP 

Crystallization Sol vent used 

1 acetone 

2 acetone-methanol 

acetone-methanol 

Calculated 

Specifie activity 
cpm/mg 

Crystals ~ther Liquor 

13,620 

l3,4oO 

13,9ZO 

12,580 

14,320 
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the hourly administration per os of lOO mg quantities of debydroisoan

drosterone. The peak level of dehydroisoandrosterone was obtained 

at the eighth hour. The plasma levels of dehydroisoandrosterone, and 

androsterone at various intervals during Experiment II are shown in 

Table III. In eontrast to the trial experiment, the peak level of 

dehydroisoandrosterone in Experiment II oceurred at the fourth hour. 

The peak plasma level of androsterone was at the eighth hour. The 

labelled 1~-hydroxypregnenolone was administered at the eighth hour. 

URINARY EXCBETION OF RADIOACTIVITY • 

The percentages of the administered radioactivity extracted 

from the urine after hydrolysis of the conjugates with~-glucuronidase 

and by solvolysis in experimenta I and II are shown in Table IV. 

The total radioaetivity extracted from the urine following the hydro

lytic procedures was 38.6 and 79·9 per cent for Experimente I and II 

respeetively. Almost the entire difference between the two resulta 

was in the Day 1 extract obtained following solvolysis. In Experiment 

I, more radioaetivit7 was extracted following ~-glueuronidase treat

ment than after sol volysis. The reverse was found for Experiment II. 

The urines exannned in Experiment III were first treated with ~ -oluco

ronidase and then extracted with tetrahydrofuran. The solvolysis pro

cedure was performed on this solution. Following this treatment the 

final ethyl acetate extract contained the free steroids which were 

originally glucosiduronidates and sulphates. The per cent of the 

administered radioactivity extracted from eaeh day•s urine in Experiment 
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TABLE III 

Plasma Concentration of 17-Ketosteroids after the Administration of 

12 x 100 mg of Dehydroisoandrosterone per os During 14 hours 

!'ime 
(hr) 

0 

4 

s* 

13 

(Experiment II) 

Dehydroisoandrosterone 
(pg/100 ml plasma) 

lZZ 

511 

324 

273 

Androsterone 
(ag/100 ml plasma) 

32 

* 17~-hydroxypregnenolone-~-H3 administered. 

Total 

4zo 

305 



III is shown in Table v. A total of Z8.? per cent of the administered 

radioactivity was extracted from the four-day urine collection for 

Experiment III. This result is approximately 10 per cent lover than 

the corresponding figure for Experiment l • In none of the three 

experimenta vas more than l per cent of the administered radioactivity 

extracted from the fourth day urine collection. This indicates that 

the period of urine collection for all three experimente vas adequate. 

PATTERNS OF ELUTION OF RADIOACTIVITY FROM SILICA GEL COLtJ!.JNS 

In Experimenta I and II the extracts obtained following f3-glu

curonidase hydrolysis and folloving solvolysis vere chromatographed 

separately on silica gel columns. The patterns of elution of the radio

activity from these 4 columns and the one for Experiment III were similar. 

The sole exception was the pattern obtained for the glucosiduronidate 

extract of Experiment I vhere it would appear that the first tvo 

major peaks did not separate as they did in the chromatography of the 

other extracts. These radioacti~t7 elution patterns for the si1ica 

gel columns are shown in Figures IV, V and VA. The radioactivity in 

each of the cottbined column fractions are shown in Tables VI, VII and 

VIII. In Experiment I, 89.1 pe:.· cent of the radioactivity extracted 

from the urine vas recovered from the two silica gel columns. The 

corresponding recovery figures for Experiments II and III were 66.$ and 

98.2 per cent, respectively. Tbé first peak of radioactivlty eluted 

from the column contained the 11-desoxy-17-ketosteroids in each 

instance (e.g. the 17-ketosteroids were isolated from fractions 13 

to Z3 of the silica gel column used for the extract obtained after 
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TABLE IV 

RADIOACTIVITY EXTRACTED FROM URINE AFTER ,@-GLUCURONIDASE HYDROLYSIS AND SOLVOLYSIS IN EXPERIMENTS I AND II 

,9.,.G1ucurollidase llY~lzo_<!lYsis So1vm1ysis Enzyme_and So1~_l.ysis Day Radioacti vi" % of Injected 
103 cpm Dose 

Radioacti vi ty % of Inj ected 
103 cpm Dose 

Radioactivity 1oaf Injected 
103 cpm Dose 

Experiment I (8.13 x 106 cpm injected) 

1 1,~88 19.~ ~74 7.11 2,162 26.6 2 426 5.2 208 2.6 634 7.8 3 163 2.0 102 1.3 265 3.3 4 39 0.5 29 o.4 68 0.9 
, Total 2,216 27.2 913 11.4 3,129 38.6 

Experiment II (8.29 x 106 cpm injected) 

1 2,074 2j.O 3,700 44.6 5,774 69.6 2 415 5.0 181 2.2 596 7.2 3 126 1.5 54 0.7 180 2.2 4 52 o.6 25 0.3 77 0.9 
Total 2,667 32.1 3,960 117.8 6,627 79·9 

1 .J 

0\ 
0\ 
• 



TABLE V 

Radioactivity Bxtracted From Urine Afterê!-Glucuronidase ardrolysis 

and Sol volysis in Experiment III (8.11 x 106 cpm Injected) 

Enzyme and Solvolysis 
Radioacti vi ty % ot Injected Dose 

10.3 cpm 

1 1,.31.3 16.2 

179 z.z 

73 

Total .Z,.314 
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fl-glu.curonidase treatment in ExperiMnt ]). 

SPECIFIC ACTIVITIES OF THE 17-IŒTOSTEROIDS AND 'I'HEIR DERIVATIVES 

After the initial silica gel column, the 11-desoxy-17-ketoster

oids were separated and puritied by gradient elution chromatograpby 

and paper chromatography. The individual steroids were tben percolated 

through small alumina columns and crystalized to constant specifie 

activity. At this stage, carrier steroid was added to a known number 

of counts of each of the three 17-ketosteroids in Experiment I and the 

androsterone in Experiment II. This was done in order that the de

rivatives formed could be crystal1ized several times and that there 

would be enough ~~aterial to permit the remo val of adequate aliquots 

for counting. In Experiroent I, )0.4 mg carrier debydroisoandrosterone 

was added to 3,220 cpm, 69.7 mg androsterone was added to 16,200 cpm 

and 49.8 1.1g etiocholano1one was added to 9,360 cpm. In Experiment II,. 

29., mg carrier androsterone were added to 31,192 cpm. The acetates 

of the 17•ketosteroids were then prepared and in BXperiments I and II 

these were crystallized several times. A second derivative was then 

prepared from each of the acetates in the first two experimenta. 

These were debydroisoandrosterone-3-acetate-5,6~epoxide, androstane-

3~,17P-diol-3-acetate and etiocholane--3~,17~diol-3-acetate-17-benzoate. 

The second derivative was crystallized severa! times in each instance. 

The specifie activities of the crystals and unfractionated mother 

liquors for the free compound& and their derivatives for Experimenta 

I and II are shown in Tables IX and X, respectively. 

As can be sean in Table IX the specifie activities of the 
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ELUTION PATTERNS OF RADIOACTIVITY FnOM SILICA GEL 

COLIJXN'S OF EXPERIMh'NT I. 

Glucostduron1dates 
1260 5844 

:;ulplm tes 3130 
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ELUTION PATTERNS OF RADIOACTIVITY FROM SILICA GEL 

COLUMNS OF EXPERIIIENT II, 
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ELOTION PATTERN OF RADIOAC.!IVITY FROM SILICA GEL 

COLIDINS OF EXPERIMENT III. 
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TABLE VI 

BADIOACTIVITY IN ·FRACTIONS COH3INED FROM SILICA GEL COLUMNS FOR 

Fractions 

1 - 12 
13 - 23 
24 - 29 

Total 

1 - 10 
11 - 15 
16 - 30 
31 - 38 

Total 

EXPERIMENT I 

Radioact1 vi ty 

S of injected dose 

Fi-Glucuronidase Extract 

0 
322.0 

1529.0 

1851.0 

S01volysis Extract 

921.5 

22.77 

0 
0.82 
9.61 
0.91 

11.34 

71. 



TABLE VII 

RADIOACTIVITY IN FRACTIONS CO!eiNED FOR SILICA GEL COLUMNS FOR 

Fractions 

1 - lZ 
13 - zo 
Z1 - 32. 
33 - 46 

Total 

1 -
10 
18 

9 
17 

- 32. 
3Z - 45 

Total 

EXPERIMENT II 

Radioacti vi ty 

% of injected dose 

/3 -Glucuronidase Extract 

Z.1 
191.8 
957.0 
965.4 

Zll6.3 

1.3 
15().0 

1931.8 
209.1 

ZZ9Z.Z 

0.03 
Z.31 

11.54 
u.6s 

Solvolysis Extract 

o.oz 
1.81 

2.3.30 
2.52 

72. 



TABLE VIII 

RADIOACTIVITY IN FRACTIONS COM3INED FROM SILICA GEL COLUMN FOR EXPERI• 

MENT III 

Fractions Radioacti vitz 

% of injected dose 

1 - 8 0 0 

9 .. 18 Z57.6 .3.18 

19 - z4 1014 • .3 1Z.51 

25 - .3Z 890.4 10.98 

.3.3 - 41 108.9 1 • .34 

Total Z271.2 Z8.01 



TABLE IX 

SPECIFIC ACTiVITIES OF THE ISOLATED 11-DESOXY-17-KS AND THEIR DERIVATIVES IN EXPERIMENT I 

Steroid Crystal- Free Co!!J:!ound First Derivative Second Derivative 
1ization Crysta1s ~IL* Crysta1s ML Crysta1s ML 

(cpm/mg) 

3-acetate~:, ·6\f'-epoxide 
Dehydroisoandrosterone 1 1,.;6o 726 66 222 48 44 

2 1,.;14 1,410 55 97 43 24 
3 55 76 43 4o 
4 54 59 

Ca1cu1ated 86 S2 

3~,17r-dio1-3-acetate 
Androsterone 1 2,~5 2,115 184 271 171 163 

2 2.,360 2,026 177 188 164 160 
3 2,430 2,530 168 168 

Ca1cu1ated 185 177 

~-17~-dio1-3-acetate-
17-benzoate 

Etiocho1ano1one 1 2,1:JO 1,102 146 137 114 92 
2 2,210 2,540 1.;1 140 llO 99 
3 107 102 

Ca1cu1ated 149 115 
-.,! 
;;-

* • 
M:>ther 1iquor 



~~____:_._ ____ _[ 
TABLE X 

SPECIFIC ACT!VITIES OF THE ISOLATED 11-DESOXY-17-KETOSTEROIDS AND TBEIR DERIVATIVES FOR EXPERIMENT II 



crystals and mother liquors of the dehydroisoandrosterone agreed 

within the limita of experimental error after two crystalizations. 

However, on formation of the acetate four crystallizations were 

required to attain a constant specifie aetivity. The specifie aeti

vity of the crystals after the fourth erystallization was 37 per 

cent lover than the ealculated value based on the addition of 

carrier. There was a further drop in the specifie activity on for

mation of the o(-epoxide but as only 3.9 mg of this derivative vere 

obtained there was not enough material after three crystallizations 

for further analysis. Because the specifie activity of theo(-epoxide 

was lover than the calculated value, it vas not certain whether radio

chemical homogeneity bad been established in this instance. In the 

cases of the androsterone and etiocholanolone the specifie activities 

of both derivatives tor each ateroid did not differ significantly from 

the calculated specifie activities. As is evident in Table X, no trou

ble vas eneountered in establishing the radiochemical homogeneity of 

the three metabolites in Experiment II. 

In ExperimentaI and II specifie activities of the 11-desozy-

17-ketoateroids were measured before and after paper ehromatographY 

using the micro-Zimmerman reaction on aliquota of the isolated ateroids. 

These specifie acti vi ties are shown in Table XI. The final specifie 

activities of the free steroid as vell as the final calculated specifie 

activities are also shown in this Table. In Experiment II the specifie 

actLvi tiea of each of the · three steroids in the extracts obtained after 

~-glucuronidase hydrolysis and after solvolysis were measured separately. 



TABLE XI 

SPECIFie ACTIVITIES OF THE THREE 17-KETOSTEROIDS AT VARIOUS STAGES OF PURIFICATION IN EXPERI-

MENTS I AND II 

Dehydroiso- Androsterone Etiocholanolone 
androsterone 

(cpm/mg) 

Experiment I 
Before paper chromatography llu6 2:361 4100 
After paper chroruatography 1614 2290 2217 
Final crystals of free compound 1514 2430 2210 

Final calculated 791 2295 2098 

Experiment II 

Before paper chromatograph:y 

tl-glucuronidase 293 605 177 
solvolysis 208 679 898 

After paper chromatography 225 605 349 
Final crystals of free compound 232 378 90 

Final calculated 195 355 82 

-..l 
:-" 
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The final calculated specifie activities vere considerably lover tban 

those obtained prior to paper chromatography in all cases except one. 

In Experiment I, the specifie activities of the androsterone 

obtained from the second derivative and that determined prior to paper 

chromatography did not differ significantly. The etiocholanolone in 

Experiment I vas purified considerably by paper chromatography. 

Following the crystallization of the free steroids reisolated 

in ExPeriment III, carrier steroid vas added to a knovn number of counts. 

A total of 8.1 mg androsterone vere added to 1,433 cpm and lZ.O ma 

etiocholanolone vere added to 3,889 cpm. There vas not enough steroid 

remaining after crystallization of the dehydroisoandrosterone for the 

preparation of a derivative. Because of the small quantities of 

steroid available in the cases of androsterone and etiocholanolone, 

the acetates vere not crystallized. Instead, a second.derivitive vas 

prepared directly. These derivatives vere androstane-~,17~-diol-3-

acetate from the androsterone acetate, and etiocholane·3~,17P-diol-3-

acetate-17-benzoate from the etiocholanolone acetate. These deriva

tives vere crystallized several times. The specifie activities of the 

crystals and unfractionated mother liquors of the free compounds and the 

derivatives are shown in Table XII. The specifie activity of the final 

crystal& of the androsterone derivative vas lover than the calculated 

specifie activity so radiochem1cal purity vas not definitely establish

ed for this compound. The specifie activity of the etiocholanolone 

derivative did not differ significantly from the calculated value. 

Table XIII presents the total v~ght of each 17-ketosteroid 



isolated, the final specifie activity of each and the minimal per cent 

conversion of the administered l~·hydroxypregnenolone-7q-H3 to 

dehydroisoandrosterone, androsterone and etiocholanolone in the three 

experiments. The conversions to the three 17-ketosteroids vere 0.90, 

0.99 and 0.19 per cent for Experiment I, II and III, respectively. 

The relative proportions of the three individual conversions making 

up the total differed for the three experiments. 

DISCUSSION 

The minimal per cent conversions of the administered 17c(-hydroxy

pregnenolone-7~H3 to the three urinary 11-desoxy-17-ketosteroids, dehy

droisoandrosterone, androsterone and etiocholanolone, in the three 

experiments reported here are less than 1 per cent (Table XIII). This 

indicates that the metabolism of the administered compound to the three 

urinary metabolites is quantitatively only of minor importance in the 

total metabolism of the C21 precursor. Because the transformations 

are so small, the validity of the final results is very much dependent 

on the proof of the radiochemical homogeneity of the isolated compounds. 

Radiochemical homogeneity in,these experiments was established by deter-· 

mining the specifie activities of the crystals and unfractionated mother 

liquors resulting from several cr~stallizations of the free compound 

and of their derivatives. It is evident from the specifie activities 

of the dehydroisoandrosterone and its derivatives in Experiment I (Table 

IX) that this method of approach can readily detect radioactive contam

inants. In this instance the specifie activities of both the 

acetate and its ~.6~-epoxide werè lower than the corresponding 

calculated values, thus demonstrating that if the specifie activity 



TABLE XII 

SPECIFie ACTIVITIES OF T.HE ISOLATED 11-DESOXY-11-KS AND THEIR DERIVATIVES FOR EXPERIMENT III 

Steroid 

Dehydroiso
androsterone 

Androsterone 

Etioeho1ano1one 

Crystallization 

1 
2 
3 
4 

1 
2 
3 
4 

C&1cu1ated 

1 
2 
3 
4 

Caleulated 

Free Compounds 
Crysta1s ~~ 

Z66 
269 
255 
ZZ3 

654 
659 

816 
832 
864 

(cpiQ/mg) 
633 
428 
369 
262 

984 
671 

1,345 
1,164 

86Z 

Derivative 
Crystals :ML 

3«,1ZP-dio1·3-aeetate 
120 105 
164 134 
101 94 
101 103 

1Z2 

3«,1Zp-diol-3-aeetate-l~-benzoate 

181 573 
161 219 
151 30Z 
152 150 

156 

00 
0 
• 



1 
1 

1 

l 
1 

------------------------------J 

. i 

TABLE XIII 

FINAL SPECIFie ACTIVITIES AND AMXJNTS OF 11-DESOXY-17-KETOSTEROIDS ISOLATED AND !'IrNIMAL PERCENTAGE CONVERSION OF 

INJECTED 17'(-HYDROXYPREGNENOLONE TO DEHYDROISOANDROSTERONE, ANDROSTERONE AND ETIOCHOLANOLONE 

Deàldroisoandrosterone Androsterone Etiocholanolone Total 
Experiment Specifie Weight Minimal Specifie Weight Minimal Specifie Weight Minimal Minimal 

1 

2 

Activity $ con- Activity %con- Activity % con- $ con-
cpm/mg. mg. versionl cpm/mg. mg. version cpm/mg. mg. version version 

I 796 9·4 0.09 2,29$ 16.2 o.46 2,098 1:3.$ o.); 0.90 
_/ 

II 19$ 22:3.0 o.;1 35$ 66.0 0.28 82 200.0 0.20 0.99 

III2 27.3 9.6 0.03 !;lJ; 9·4 o.o6 8:3$ 9.8 0.10 0.19 

' 

% Conversion = 4(D.Sa + A.Sa + E.Se) x 100/cpm of injected steroid where D, A and E are the dai1y excretions of 
dehydroisoandrosterone, androsterone and etiocholanolone 1 respectively 1 and Sa, sa, Se are the specifie activities 
of each. 

In Experiment III the amounts of steroid iso1ated are the weights of each of the three 17-ketosteroids added to 
the neutra1 extract. 

co .... 
• 
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of the free steroid had been used as a final result it would have 

been an overestimation. Even after the formation of the second de~i

vative it cannot be stated with certainty that radiochemical homo

geneity has been established because its specifie activity was lower 

than the calculated one. If a third derivative had been formed an 

indication of whether radiochemical homogeneity had been •stablished 

could have been obtained but this was not possible due to the lack of 

material at this stage. Lack of steroid a1so prevented an unequivocal 

establishment of radiochemical homogeneity of the dehydroisoandros

terone and_androsterone in Experiment III. ln all of the other meta

bolites isolated, adequate evidence for radiochemical homogeneity 

was presented. 

Experimenta 1 and II were designed to study the effect of an 

increased plasma dehydroisoandrosterone leve! on the in vivo conver

sion of 17~-hydroxypregnenolone to urinary dehydroisoandrosterone, 

androsterone and etiocholanolone and to compare the resulta obtained 

to those of Solo.mon et al (119) where a simi1ar study was performed 

in a patient with metastatic adrenal carcinoma. 

In Experiment II i t was hoped that by administering dehydroiso

androsterone per os an elevated plasma level of dehydroisoandrosterone 

would be established at the time of the administration of the labelled 

17 Cl(•hydroxypregnenolone. In this way • one would be able to determine 

if an increased blood level could affect the conversion of the injected 

precursor to urinary 11-desoxy-17-ketosteroids. Such an explanation 

was possible for the enhanced conversion in the aubject with adrenal 

carcinoma. We administered the 17~hydroxypregnenolone-7~-H3 at the 



eighth hour, in accordance with our previous findings in trial 

experimenta Wben 100 mg of debydroisoandrosterone were adudnistered 

pas os every hour. Unfortunately, the highest concentration of plasma 

dehydroisoandrosterone vas found at the fourth hour in Experiment 

II and the levels at the eighth and thirteenth hours were lover although 

the steroid was still being administered. This decrease in blood con

centration cannot be explained with the knowledge available at this 

time. It is possible that the peak concentration of the plasma 

dehydroisoandrosterone occurred between the fourth and eighth hours. At 

the time of the injection the plasma dehydroisoandrosterone was three 

times the control level. 

The minimal per cent conversions of the 17 1:>(-hydroxypregnenolone 

to the urinary 11-desoxy-17-ketosteroids in Experimenta I and II were 

0.90 and 0.99 respectively. These two figures•are not significantly 

different and bence the administration of dehydroisoandrosterone in 

Experiment II did not affect the conversion of the labelled Czl st~roid 

to the urinary 17-ketosteroids. Although the total conversion to 

the three 17-ketosteroids was not affected. the relative conversions 

to the individual compounds were altered by the administration of 

dehydroisoandrosterone. There was an increased excretion of dehydro

isoandrosterone and a concomitant fall in the formation of androsterone 

and etiocholanolone (Table XII). In Experiment I the specifie activi

ties of the androsterone and etiocholanolone were approximately equal 

and are two to three times higher than the specifie activity of the 

dehydroisoandrosterone.. If the •7~-hYdroxypregnenolone was metabolized 
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only to debydroisoandrosterone which in turn would label the dehydro

isoandrosterone pool, one would expect the specifie activities of urinary 

de:lYdroisoandrosterone, androsterone and etiocholanolone to be equal 

in accordance with the finding of vande Wtele and Lie~erman (Z6, 14o). 

These investigators found that when labelled dehydroisoandrosterone 

is admi.nistered to the normal male, the specifie activities of the 

three 11-desoxy-17-ketosteroids are approximately equal. If a large 

portion of the labelled debydroisoandrosterone were metabolized to 

Lf-androstene-3,17-dione immediately after it is formed from 170(-hy

droxypregnenolone and before it mixed with the circulating pool of 

dehydroisoandrosterone then one would expect the specifie activity of 

the urinary dehydroisoandrosterone to be lower. The secretion of de

hydroisoandrosterone sulphate by the adrenals could cause the specifie 

activity of the excreted dehydroisoandrosterone to be lower than the 

values for the excreted androsterone and etiocholanolone. vande Wiele 

et al (144) have found in soma subjects that urinary dehydroisoandros

terone sulphate has a lower specifie activity than the urinary andros

terone and etiocholanolone conjugates. This may be due to the failure 

of dehydroisoandrosterone sulphate to equilibrate with the free steroid. 

This results in a lowering of the specifie activity of the urine 

dehydroisoandrosterone when it is the pool of free dehydroisoandrosterone 

that has been labelled. If a portion of the labelled l?o(-hydroxypreg

nenolone was converted to 1~-hydroxyprogesterone the specifie activity 

of the androsterone and etiocholanolone would be higher but one would 

expect the specifie activity of the etiocholanolone to be higher than 



that of the androsterone in accordance with the resulta of Fukushima 

and his co-workers (116). In Experiment II, the addition of more fac

tors makes it even more difficult to try to explain the differences 

in specifie activities of the urinary 11-desoxy-17-ketosteroids. In 

this experiment, we administered large quantities of dehydroisoandros

terone which may have overloaded some of the enzyme systems in vol ved 

in its metabolism, as well as that of the 17~-bydroxypregnenolone. 

This might result in a fraction of the steroids being diverted to 

metabolic pathways not encountered in Experiment I. 

That the administered debydroisoandrosterone did not affect 

the total conversion of 17~-hydroxypregnenolone to urinary 17-ketoster

oids supports the other possible explanation of the enbanced conversion 

in the patient vith adrenal carcinoma, namely, that the metastatic 

tissue influenced the conversion. This possible explanation is also 

supported by the fact that the metastatic tissue excised from the 

patient was capable of transforming cholesterol and 17o(-hydroxypreg

neno1one to debydroisoandrosterone (ZO~). 

Experiment III demonstrates that the presence of endocrine 

tissue may be in part responsible for the in vivo conversion of 

17~·hydroxypregneno1one to urinary dehydroisoandrosterone, andros

terone and etiocholanolone. In this study performed on a subject who 

bad been adrenalectomized, ovariectomized and hypophysectomized, the 

per cent conversions were considerably smaller than in the normal 

subject of Experiment I. In this experiment the conversion to etio

cholanolone was higher than the transformations to the other two 

steroids. This could be explained if the 17~-bydroxypregnenolone was 
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converted to 1~-bydroxyprogesterone. The metabolism of this CZl 

steroid faveurs the formation of etiocholanolone over that of andros

terone. 

Recently, Fukushima et al (Z05) have reported on the metabolism 

of 17~-hydroxypregnenolone and 17~-bydroxyprogesterone in a subject 

W1 th adrenal carcinoma and on the metabolism of 17o<-hydroxypregnenolone 

in a normal subject. In the cancer patient, the conversions of the ad

ministered 17~-hydroxypregnenolone to urinary dehydroisoandrosterone, 

androsterone and etiocholanolone were 1.7, 0.5 and 1.1 per cent res

pectively. The principal metabolites were Czl steroids (e.g. preg

nanetriol). The 17-ketosteroids were not studied in the normal 

subject. Roberts et al (lZO) found that the conversions of 17~-hydroxy

pregnenolone to debydroisoandrosterone, androsterone and etiocholanolone 

by a patient with an adrenal adenoma were 0.95, o.z4 and z.s per cent 

respectively. Our studies and those of ether workers indicate that in 

pathological conditions where abnormally large amounts of steroids 

are being produced, the pattern of metabolism of steroids is altered. 

~acDonald et al (143) measured the conversions of labelled debydroiso

androsterone to urinary dehydroisoandrosterone, androsterone and etio• 

cholanolone under severa! conditions in tbe same subject. 'When the 

secretion of dehydroisoandrosterone was altered by the adDdnist~ation 

of dexamethazane or ACTH, the per cent of the administered dehydro

isoandrosterone excreted as androsterone and etiocholanolone did not 

change. However, the fraction of the administered radioactivity excre

ted as dehydroisoandrosterone .aried with its rate of secretion and large 



amounts were found in the urine when the secretion rate was enhanced. 

In conclusion, it would appear that the peripheral conversion of 

17~·hydroxypregnenolone to 17-ketosteroids is quantitatively not 

important except in certain cases of adrenal carcinoma with metastases. 

However, it is probably the important adrenal precursor of debydroiso

androsterone. 
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PART II. 

A STUDY ON THE ORIGIN OF PBEGNANETRIOL, PBEGNENETRIOL and 17':\-HYDROXY

PREGNANOLONE IN A CASE OF BILATERAL ADRENAL HYPERPLASIA. 



INTROOUCTION 

Pregnane-~17~,20~-triol, the 3,1J,ZO-trihydroxypregnane most 

commonly found in urine (referred to as pregnanetriol in this thesis), 

vas ~irst isolated from the urine of two women with adrenogenital syn

drome by Butler and ~àrrian (Z06) in 1937. It was observed that fol

lowing the removal of an enlarged adrenal gland from one of these 

patients, pregnanetriol vas .no longer found in the urine. In addition, 

i t was not found in the urine of normal huma.n males and females or in 

the urine of pregnant !emales. In 1938 these same authors (Z07) 

reported the isolation of pregnanetriol from an extract of unhydrolysed 

urine obtained from a woma.n With an adrenal tumour. 

In 1945, ~ason and Kepler (10) reported on the steroids isolated 

from the urine of patients Vith adrenocortical tumours and adreno

cortical hyperplasia. They found pregnanetriol in the urine of three 

of the four cases with adrenal hyperplasia and in the urine of only one 

of ~he six subjects With adrenal tumours. Using the method of Venning 

(49) for isolating conjugates, they found both pregnanediol and pregnan

etriol following hydrolysis of the purified glucosiduronidate fraction. 

}tiller and Dorfman (ZOS) also found pregnanetriol in the urine of a 

subject with (probable) adrenocortical hyperplasia. 

The first report of the isolation of pregnanetriol from the urine 

of normal subjects was that of ~x and Marrian (Z09) who isolated 

pregnanetriol from extracts of urine obtained from normal men. Purther 

evidence that pregnanetriol is excreted as the glucosiduronidate was 



the finding that the steroid was extractable from the urine only after 

f-glucuronidase hydrolysis and that if the enzyme was boiled before 

use or saccharate (a known,-glucuronidase inhibitor) was added, the 

ateroid was not found in the urine extract. 

Bongiovanni (ZlO) reported in 1953 that in many cases of adreno

genital syndrome Vith adrenal hyperplasia the large increase in the urin

ary pregnanediol reported by other workers appeared to be due to the 

presence of large quantities of pregnanetriol which in most of the 

earlier methode was not separated from pregnanediol. I\ was eoncluded 

that urinary pregnanetriol was characteristic of such patients. Fur

ther proof of its adrenal origin was the fact that cortisone admin

istration inhibited the e~cretion of pregnanetriol. Adrenocortico

trophin, when administered to a subject vith adrenal byperplasia, 

caused an increase in urinary pregnanetriol and pregnanediol and plasma 

hydrocortisone. No such changes in pregnanediol and pregnanetriol 

excretion were obtained when the same dose was given to two normal chil

dren of the same age group. 

Several isomers of pregnanetriol have been found in urine. 

In 1956, deCourcy (Zll) reported the presence of pregnane-3~,17~, 

ZO~·triol in the urine of a subject with adrenocortical hyperplasia. 

Fukushima and Gallagher (212) isolated allopregnane-~,17~,20~-triol 

and obtained very good evidence for the presence of allopregnane-3~,17~, 

ZO~triol in the urine of a subject with congeni~al adrenal hyperpla

sia. The urinary level of pregnanetriol for this patient was 65 mg/24 

hours. 



The compound 1~-hydroxypregnano1one which differs from pregnane

trio1 only in that the oxygen function on carbon-20 is a ketone, was 

first iso1ated from urine in ~~5 by Lieberman and Dobriner (213). 

They isolated this steroid from the urine of a woman with adrenocor• 

tical hyperplasia, a cryptorchid male, a woman With an adrenal tumour 

and an eunuchoid male being given testosterone by injection. Mason and 

Strickler (214) isolated 1~-hydroxypregnanolone from the urine of a 

female pseudohermaphrodite. The authors isolated the 17~-hydroxypreg

nanolone from a purified glucosiduronidate fraction of the urine, 

indicating that 1~-hydroxypregnanolone is also excreted in the urine 

as a glucosiduronidate. 

The unsaturated triol,~5-pregnene-3~,17~,20~triol (pregnene

triol was first isolated by Hirschmann from the urine of a boy with 

adrenocortical carcinoma (185). This boy, as discussed in Part I, 

was excreting large quantities of steroids with the 3P-hydroxy-t? 

structure. Pregnenetriol was first isolated from the urine of normal 

subjects by Fotherby (188) who suggested that it might be a precursor 

of dehydroisoandrosterone. In 1959, Okada et al (22) reported the iso

lation of pregnenetriol in considerable quantities from the urine of 

a subject with adrenocortical carcinome. 

Urinary Excretion of Presnanetriol, Pregnenetriol and 17~-Hydro;r

pregnanolone 

One of the first methods for the determination of urinary preg

nanetriol was that of Bongiovanni and Clayton (21$). Their method 

involved separation of the pregnanetriol from pregnanediol by chroma-
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tography on an alumina column. The pregnanetriol was quantitated by 

measurement of the colour intensity preduced with concentrated sul

phuric acid. Using this method they found that the urinary excretion 

of pregnanetriol for normal adults ranged from 0.2 to 1.8 mg/24 hours. 

An earlier method by Cox (216) which measured all c21 steroids with a 

17,20-dihydroxy-20-methyl side chain gave a range of 0.1 to 0.5 mg/24 

hours for 7 normal males. However, this latter method did not involve 

bydrolysis and bence only unconjugated steroids were measured. It is 

well known that the larger fra ct'.i on ,f the triols are excreted as 

conjugates and Cox stated that the levels would have been higher if 

the urine bad been treated withp-glucuronidase prior to extraction. 

Bongiovanni and Eberlein (217) found that the urinary excretion 

of pregnanetriol varied with age. The urine levels for normal chil

dren 1ess than six years of age ranged from 0 - 0.2,mg/24 hours (av

erage 0.02 mg), those for children between the ages of 7 and 16 ranged 

from 0.3 to 1.1 mg/24 hours (average o.6 mg) and for adult subjects 

the range was from 0.2 to 3.5 mg (average 1.53 mg). 

Cox (218) ana1ysed the urine of two normal subjects for 

four of the triols and obtained levels of o.4 and 0.5 mg/24 hours for 

pregnanetriol, o.os and 0.03 mg/24 hours for pregnane-3~,17q,20~triol, 

0.07 and 0.05 mg/24 hours for allopregnane-~,17~,20~-triol and 0.1 

and 0.08 mg/24 hours for pregnenetriol. Of the saturated triols, preg

nanetriol is quantitatively the most important. Fotherby and Love 

(219) found that urinary pregnanetriol of normal adults decrease~ 

with age. The mean level for female subjects who were 34 to 38 weeks 

pregnant was higher than that of the normal non-pregnant fe~les 



(Z.o versus 0.9 mg/Z4 hours). The levels of both pregnanetriol and 

pregnenetriol were found to be significantly below normal for subjects 

with various types of hypertension (ZZO). 

Oripin of Urinary Preqnanetriol, l'X-Hl'droxzprepnan<)lone , .ind Prepnenetriol 

There is published evidence which suggests that the adrenals, 

ovaries and testes are all sources of pregnanetriol, 17~•hydroxypreg

nanolone and pregnenetriol. ~ch of the work with regard to the origin 

of these compounds has been in relation to adrenocortical hyperplasie, 

especially that of the congenital variety. As mentioned, pregnanetriol 

vas first isolated from the urine of two women (Z06) who had the adre

nogenital syndrome. It had also been concluded by Bongiovanni (ZlO) 

in 1953 that elevation of pregnanetriol vas characteristic of adreno

cortical ~perplasia. 

In the series of patients with the adrenogenital syndrome studied 

by Bongiovanni et al (Zl5, Zl7, ZZll the urinary levels of pregnanetriol 

were all above normal. The level of pregnanetriol excretion was d.

creased to low normal levels by the administration of cortisone, which 

is known to lead to decreases in adrenal steroid biosynthesis by 

suppressing ACTH release by the pituitary. Childs et al (ZZZ) tound 

that the level of urinary pregnanetriol was increased by the adminis

tration of ACTH to a greater extent in subjects vith virilising adre

nocortical hyperplasie than in normals. 

The excretion of urinary steroid metabolites by a boy with adreno• 

cortical hyperplasie was studied by Bush et al (ZZ3). The urinary 

excretion of pregnanetriol was 41 mg/Z4 hours. Also found were two 



compounds not normally detected in the urine of boys, l~·hydroxypreg

nano1one and 11-ketopregnanetriol. The administration of ACTH led to 

an increase in the urinary level of 1~-hydroxypregnanolone but not in 

tbat of pregnanetriol. Treatment vith cortisone resulted in decreases 

in the urinary leve1s of both pregnanetrio1 and 1~-hydroxypregnanolone 

to lesa than 1 mg/Z4 hours. These studies indicate that the adrenal is 

capable of producing large quantities of the precursors of the urinary 

metabolites. The leval of urinary pregnanetriol was found by Cox and 

Finkelstein (Z24) to be high tor subjects with eitber adrenocortical 

hyperplasie or adrenal tumours. In a later report (225) the leval of 

urinary pregnanetriol was found to be normal in some cases of adreno

cortical carcinome. Cox (218) a1so found that the leve1s of pregnane-

3~,17~,20~-triol, a11opregnane-3«,17~,20<-triol and pregnenetriol were 

above normal in two subjects with adrenocortica1 hyperplasie and one 

subject with adrenocortical carcinome. The levels of pregnenetriol 

have been tound to be above normal for most subjects with adrenocortical 

carcinome (ZZ6). 

Bongiovanni et al (227) measured the urinary levels of both preg

nanetriol and 17~·hydroxypregnanolone and found them to be significantly 

elevated in children vith adrenocortical hyperplasie and slightly 

elevated in a subject with a virilizing adrenal tumour. 

Ali of these studiee in subjects with adrenocortical hyperplasie 

implicate the adrenals as being the origin of a large fraction of the 

urinary pregnanetriol in such subjects and suggests that they may be 

the origin of the small quantities excreted by normal•• This suggestion 

is supported by the studies on adrenal steroid biosynthesis and the find-



ing of the presumed precursor, 17«-hydroxyprogesterone, in adrenal venous 

blood. These studies have been discussed in Part I. The reason for the 

increased excretion of pregnanetriol by subjects with congenital 

adrenal hyperPlasie is believed to be a defect in hydroxylation of the 

steroid intermediates at the C21 position vith the result that 1~-

hydroxyprogesterone is secreted in increased quanti ti es. Binee the 

adrenal is unable to synthesize hydrocortisone, the pituitary reacts 

by secreting greater quantities of ACTH and consequently stimulating 

the adrenals to produce larger quantities of the biosynthetic inter

mediates. In support of this hypothesis, Bongiovanni (228) found that 

adrenals from such a subject could not hydroxylate 17~-hydroxyproges

terone at carbon 21 while they could hydroxylate 11-desoxyhydrocorti• 

sone to form hydrocortisone. 

Recently, Bongiovanni (229, 230) has described a new variant 

of congenital adrenal hyperplasie in which there appears to be a defect 

in the 3P-hydroxydehydrogenase reaction With the result that there is 

an excess excretion of compounds containing the 3~-hydroxyl-~ 

structure. These include pregnenetriol, ~5-pregnenediol, l?~hydroxy

pregnenolone and debydroisoandrosterone. No pregnanatriol is excreted 

by the majority of these subjects. These resulta indicate that the 

adrenals can also be the source of urinary pregn~netriol. Fukushima 

and his co-workers (231) studied the effect of an inhibitor of llP

hydroxylase (BU-4885) on the urinary excretion of steroids by a patient 

with adrenocortical carcinoma and found more than a two•fold increase 

in the level otA5-pregnene-3~,17~,2~-tr~ol and a small increase in 

the level of urinary N•pregnene·.3~,17c(,20P..triol. The increase in 



pregnanetriol was insignificant. 

In recent years there have been a number of reports in the lit

erature which indicate that the ovary is capable of secreting precur

sors of both urinary pregnanetriol and pregnenetriol. There is evidence 

which indicates that pregnanetriol is derived from an ovarian precursor 

under normal conditions while increased levels of urinary pregnenetriol 

have been found in association with the Stein-Leventhal syndrome. 

Picket et al (232) reported in 19S9 that the urinarY excretion 

of pregnanetriol closely followed the cyclical variation in pregnanediol 

excretion in a normal female subject Vith the peak levels occurring 

during the luteal phase of the menstrual cycle. The changes in steroid 

excretion during the menstruel cycle for normal females have always 

been attributed to changes in ov.arian activity. Wben the urinary 

pregnanetriol levels in an adrenalectomized female subject vere mea

sured, an increase in excretion was observed during the second half of 

the menstrual cycle. 

In 1960, Fotherby (233) reported on the excretion of various 

steroids by normal females during the menstruel cycle and found no varia

tions in the urinary levels of 1?-ketosteroids, 17-hydroxYcorticoids 

and dehydroisoandrosterone. C,yclic changes were found for pregnane

triol and pregnanediol. Picket et al (232) had indicated that the chan

ges occur simultaneously. Fotherby (233) found that the changes in the 

excretion of the pregnanetriol preceded those of the pregnsnediol. In 

later reports, Fotherby (234, 23S) also showed that progestational 

steroids inhibit the rise in the excretions of both pregnanetriol 

and pregnanediol during the menstruel cycle. He concluded that the 
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pregnanetriol was probably ovarian in origin. 

That the increase during the luteal phase of the menstruel cycle 

vas really due to pregnanetriol and not to similar chromogens vas con-' 

firmed by Picket and Kellie (Z)6). MPre recent studies by Picket and 

Somerville (Z37) confirm the resulta of Fotherby that the peak in preg

nanetriol excretion occurs prior to that of pregnanediol. Burger and 

Somerville (Z38) obtained a four-fold increase in pregnanetriol excre

tion after administration of human pituitary gonadotrophin to an adrenal

ectomized subject. No increase vas obtained following ACTH adminis

tration. These data leud further support to the idea of an ovarien 

source of pregnanetriol. 

The urinar,y excretion of pregnenetriol was found to be elevated 

in patients with the Stein•Leventhal syndrome both before and after 

vedge resection of the avaries (Z)9}. ~Bhesh and Greenblatt (Z40) 

studied a patient with the Stein-Leventhal syndrome and noted a ten

fold increase in the urinary excretion of both pregnanetriol and 

pregnenetriol following the administration of FSH while only a four

fold increaae was observed following ACT.H injections. The urinary 

17-hydrocorticoids in this patient vere not elevated following the FSH 

administration. indicating that it was stimulating the avaries and not 

the adrenals. Stern and Barwell (Z41) reported that ten of eleven 

patients with the Stein-Leventhal syndrome excreted pregnenetriol at 

levels greater than normal subjects. These findings agree with those 

of Mahesh and Greenblatt (78) who detected l?q-bydroxypregnenolone 

(which is believed to be the precursor of pregnenetriol) in ovarien 



sections obtained from patients with the Stein-Leventhal syndrome. 

Administration of HCG increased the urinary excretion of pregnane

triol by a series of nine men with functioning testes (Z4Z). An 

increase was observed in a similar study on a male with Addison•s dis

ease but not in a male eunochoid. This indicates that the testes are 

capable of secreting pregnanetriol precursors. The level of urinary 

pregnanetriol was quite high in a subject with testicular feminizing 

syndrome (Z43) and was reduced to below normal levels following the 

removal of cryptorchid testes. 

The Metabolic Conversion of C21 Steroids to Pregnanetriol, Pregnenetriol 

and 17q- UYdro!fpregnanolone. 

The results of studies in subjects with congenital adrenal hyper

plasia have led to the conclusion that the high urinary excretion of 

pregnanetriol is due to an excessive secretion of 1~-hydroxyprogester

one. Tb check this hypothesis a number of workers have studied the 

metabolism of 17~-hydroxyprogesterone administered to human subjects. 

Bongiovanni et al (ZZl) obse~ved an increase in urinary preg

nanetriol following the intramuscular administration of 17~-hydroxy

progesterone to subjects with the adrenogenital syndrome but not with 

normal subjects. Langecker and Prescher {Z44) obtained increases in 

~he urinary pregnanetriol levels following the intramuscular administra

tion of 1~-hydroxyprogesterone and 17~-hydroxyprogesterone· caproate 

to a normal male. Làngecker (Z45) was also able to isolate 1~-hydroxy

pregnanolone as well as pregnanetriol from the urine of a normal male 

following 17~-hYdroxyprQgesterone administration. Similar results were 



obtained by Jailer et al (llO). 

Ungar et al (246) reported that administration of 17~,21-dihy• 

droxy-5~-pregnane-3,20-dione, a possible metabolite of 11-desoxycorti

sol, gave an increase in urinary pregnanetriol following its adminis

tration to a human subject. SUch a conversion would involve the remova1 

of the c21 hydroxyl group and the resulta of FUkushima et al (247) do 

not support such a conversion. 

The first quantitative experimenta concerned with precursors 

of urinary pregnanetrio1 were those of Fotherby and ~ve (2kS). Thes3 

investigators reported that intravenously a~nistered 1~-hydroxyproges

terone, 1~-hydroxypregnenolone and 11-desoxyhydrocortisonewere.~onverted 

to urinary pregnanetriol in yields of 35, 8 and 0 per cent respectively 

by both normal and adrenalectomized subjects. They also found that 

66 per cent of an administered dose of pregnanetriol was excreted 

unchanged. 

Axelrod and Goldzieher (249) a~nistered 17~hydroxyprogesterone 

orally to four subjects and identified pregnane-~,l7q,20~-triol, 

pregnan~3~,17~,20~triol, allopregnane--~,1~,2~-triol, allopregnane-

3~,17~,zq&-triol, pregnane--3~,17~-diol -20-one, allopregnane-~~17~~ 

diol-20-one and allopregnane-3!,17o(-d1ol•ZO-one as urinary metabolites. 

Quantitatively the two major metabolites were pregnane-3~,17~,20~-triol 

(»regnanetriol) and pregnane-~,17~-diol-20-one (1~-hydroxypregnano

lone). Of an oral dose of 1~-hydroxypregesterone administered to a 

patient with congenital adrenal byperplasia, 12 per cent of the dose 

was excreted as pregnanetriol and 6 per cent as 17~-hydroxypregnanolone 

(250). 
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l~ 2961, Roberts et al (120) reported on the conversions of 

labelled 17~-bydroxypregnenolone to urinary pregnanetriol and pregnene

triol in a subject With a virilizing adenoma of the adrenal. The mini

mal conversions to pregnanetriol and pregnenetriol were 6.~ and 22.0 

per cent respectively. Bowever, the specifie activities of the two 

urinary metabolites did not differ significantly. This indicated that 

the principal precursor of urinary pregnanetriol in this subject was 

1~-hydroxypregnenolone since the specifie activity of the pregnane

triol would have been lower than that of pregnenetriol if 17~·hydroxy

progesterone were being secreted in significant quantities. It is 

important to note that this subject was excreting relatively large 

quantities of compounds with the 3~hydroxy-~ structure. The urinary 

excretions of pregnenetriol and pregnanetriol were 13 and ~ mg/2~ 

hours respectively. 

Fukushima and his co-workers have reported severa! studies on 

the origin of urinary pregnanetriol. In 1961, they (116) reported on 

the metabolism of labelled 17~-hydroxyprogesterone by a normal subject 

and in an untreated subject with congenital adrenal hyperplasie. They 

found radioactive pregnanetriol, pregnane-~,l?~.zo~triol, allopreg

nane-~,1?~,20q-triol and 17~-hydroxypregnanolone in the urine. Preg

nanetriol and 1~-hydroxypregnanolone vere the major metabolites. In 

the patient with congenital adrenal hyperplasie the specifie activities 

of both the pregnanetriol and l?~·hydroxypregnanolone for each of the 

three days following the administration of the labelled precursor were 

measured. From the changes of these specifie activities it vas concluded 

that 1~-hydroxypregnanolone is the precursor of pregnanetriol. A 



101. 

1arger fraction of the injected dose was excreted as pregnanetriol 

than as 17~-hydroxypregnanolone in this patient. However, the 

cumulative specifie activities of these two steroids over the three 

days of the study were the same, suggesting a common precursor. A 

similar pattern of excretion of radioactivity was found in the urine of 

a normal subject. However, the fraction of radioactivity appearing 

in each of these two metabolites was the same in this study. 

In a separate study by Fukushima et al (117) on a patient with 

adrena1 carcinome who was excreting approximately 120 mg of pregnanetrio1 

per day it was found fo1lowing the administration of labelled 1~-hydroxy

progesterone that the specifie activity of the urinary 17~-hydroxypreg

nanolone was more than 10 times greater than the specifie activity of 

the pregnanetriol. The conversions to pregnanetriol and 1~-hydroxy

pregnanolone were 10.6 per cent and 16.5 per cent, respectively, and the 

dai1y excretion of 1~-hydroxypregnanolone was 8.7 mg. Because of the 

large difference between the specifie activities of the two metabolites 

it was concluded that there was at least one other precursor of the 

urinary pregnanetriol. It was calculated that only about 5 per cent 

of the urinary pregnanetriol came from endogenous 17~--hydroxy

progesterone so if there were only one other precursor, it would be 

the more important one. It was suggested that 17~-hydroxypregnenolone 

might be this precursor as the urinary excretion of one of its metabol

ites, pregnenetriol, was 40 mg per day, indicating that it was being 

produced in large amounts. 

In a more recent study, Fukushima et al (205) have measured 
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the transformations of 17~-hydroxyprogesterone-clh and 17~hydroxypreg

nenolone-H3 administered simultaneously to urinary pregnanetriol, 

pregnenetriol and 17~-hydroxypregnanolone in a patient With adrena1 

carcinome. The conversions of 17~-hydroxyprogesterone to pregnanetriol 

and 17~-hydroxypregnanolone vere 8.8 and 7•9 per cent, respectively. 

The conversions of 1~--hydroxypregnenolone to pregnanetriol, 17~

hydroxypregnanolone and pregnanetriol vere 6.6, 0.6 and ll.Z per cent, 

respectively. From the specifie activities it can be concluded that 

1~-hydroxyprogesterone in this subject vas a more important precursor 

of 17~-hydroxypregnano1one tban of pregnanetriol. The specifie acti

vities of the pregnanetriol and pregnenetriol released by the ~-glucu

ronidase hydrolysis differed by approximatelY 15 per cent vith regard 

to its tritium content. Hovever, the pregnenetriol released by cold 

acid hydrolysis which cleaves the steroid sulphates, bad a specifie 

activity much less than the pregnenetriol re1eased by ;f-olucuronidase 

(2,200 cpm/mg versus 3,300 cpm/mg). It was suggested that this 

difference could be attributed to the secretion of 1~-hydroxypregneno

lone sulphate which vould not mix with the injectèd hormone and would 

thus lover the specifie activities of the sulphated urinary metabolites. 

It should be noted that the daily excretion of pregnenetriol (h3.2 mg) 

indicates an excessive secretion of a~-compound since pregnenetriol 

vould probably have such a precursor. Pregnenetriol bas not been found 

in adrenal venous blood. The metabolism of 17~-hydroxypregnenolone 

vas also studied in a normal subject. Tbe conversions to pregnane

triol,l7~-hydroxypregnanolone and pregnenetriol were 5.1, 1.3 and 8.8 

per cent, respectively. 
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Recent1y, a study by Bradlow et al (251) has indicated that the 

periphera1 conversions of administered steroids can be significant1y 

affected by drugs which inhibit steroid production. In this study 

O,P'-DDD, vhich suppresses steroid production, diminished the conversion 

of 17~-hydroxypregneno1cne to pregnanetriol whi1e the formation of preg

nenetrio1 was unchanged. 

An in vitro study on the metabolism of 17~-hydroxypregnenolone 

which yielded interesting results was that of Thomas et al (252). These 

authors found that rabbit skeletal muscle strips converted label1ed 

17~-hydroxypregneno1one to the 20~- and 201- isomers of pregnenetriol 

in yields of 16.2 and 2.2 per cent respective1y. These reactions, which 

appeared to be enzymatic, indicated that tissues other than liver may 

be important in the formation of these compounds from the secreted 

precursors. 

The results of a number of the investigations discussed above 

indicate that pregnanetriol and 17~-hydroxypregnanolone are excreted 

almost exclusively as the glucosiduronidates, Hovever, it appears that 

pregnenetriol is excreted in part as the glucosiduronidate and part 

as the sulphate. 

The subject of this study was a female vith Cushing's syndrome due 

to bilateral adrenal hyperplasia. Studies were performed before and after 

bilateral adrenalecto~. The aim of each study was to measure the conver

sions of simultaneously administered 17~-hydroxypregnenolone-7~-H3 and 17~ 

hydroxyprogesterone-à-clà to urinary pregnanetri9l, 17~hydroxypregnano

lone and pregnenetriol and to determine the effect of the presence of the 
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àdrenals·. OJ! their secrètory products on these transformations. 

EXPERIMENTAL 

:METHODS 

A number of the ~rimental procedures used in this section 

have been described in Part I. These include the preparation of samples 

for counting, infra red anaiysis, hydrolysis of the urinary steroid 

conjugates, the initial silica gel chromatography of the urine extracts, 

acetylations and sodium borobydride redUotions. These procedures will 

not be described here. 

CHROMATOGRAPHie PROCEDURES 

Following th~ initial silica gel chromatography, the combined 

column fractions were further puri,fied by thin layer chromatograpby 

(T.L.C.). The plates for T.L.c. were prepared from a slurry of 50 gm 

of silica gel G and lOO ml of distilled water and spread to a thickness 

of 1 mm on 4 glass plates, 8 in. x 8 in. The solvent system used in 

these studies was ethyl acetate 1 n-hexane (4:1). Small quantities 

of several steroids were run as atandards on one side of the plate. 

After the chromatogram bad been developed and the plates dried for a 

minimm of .30 minutest the standards were visualized by spraying witb 

phosphomolybdic acid (10 per cent solution in absolute ethanol) and 

heating the plate in an oven for severa! minutes at 100 -- l20°C. 

This method of detecting steroids was originally devised by Kritchevsky 

and Kirk (25.3) for visualizing steroids on paper chromatograms. 
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In several instances the pregnenetriol fractions from the thin 

layer chromatograms were chromatographed on a silica gel partition type 

column prepared according to Katzenellenbogen et al (254). The silica 

gel used was obtained from the Davison Chemical Company. For prepara

tion of the columns, 4 ml of ethanol per 10 gm of silica gel were 

thoroughly mixed with the support and a slurry was made in methylene 

chloride containing Z per cent ethanol. The slurry was transferred to 

the column, which contained Z per cent ethanol in methylene chloride, 

with tapping of the column to release air bubbles. The sample was 

applied to the column by dissol ving i t in a minimal amount of ethanol 

and then adding a corresponding weight of silica gel (1 gm per o.4 ml). 

The mixture was stirred and a slurry was prepared in z per cent ethanol 

in metb7lene chloride and packed on top of the column. The column was 

developed first with Z per cent ethanol in methylene chloride and then 

with 3, 4, 5, 6, 8, and 10 per cent ethanol in methylene chloride 

in order of increasing ethanol concentration. The column was developed 

at a maximum flow rate of 10 ml per 30 minutes. The pregnenetriols 

vere usually eluted by 4 per cent ethanol in methylene chloride. 

In the study performed prior to bilateral adrenalectomy. the 

pregnanetriol vas separated from the eorticoid metabolites, which vere 

being excreted at high levels, by a partition column using Celite as 

the support. The Celite was prepared by first washing it with concen

trated hydrochloric acid and then continuously vith tap vater for 48 

hours. This was followed by severa! vashes with distilled water and 

then methanol. The Celite vas then dried overnight in an oven at 80 -
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90oc. The solvent system used for the column was that suggested by 

Schneider (255) who had developed these systems for separating com

pounds differing only in the configuration of the hydroxyl group at 

carbon-20 by paper chromatography (256). Two solvent systems were re

quired for the col~ §ystem As n-heptane (lOO), isopropyl ether 

(lOO), methanol (150) and water (SO), plus 15 gm of borie acid which 

was dissolved in the methanol and water prior to addition of the other 

two solvants. §ystem B: same as System A but lacking the borie acid. 

For preparation of the column the Celite vas suspended in the upper 

phase of System B and the desired amount of the lower phase of System 

A (1 ml per 2 gm of Celi te) was added and the mixture was thoroughly 

stirred. The column was packed and developed in the upper phase of 

System B. 

Severa! paper chromatographie systems not used in Part I were 

employed during these experimenta. The 17~-hydr~?regnanolone was 

purified by chromatography on paper in the toluene s propylene glycol 

system (257). The pregnenetriols were purified in the Bush type 

system of Wilson et al (191), ligroin : toluene : methanol : water 

(50, 50, ?O, 30). The corresponding standards were located by dipping 

in a solution ofpbosphDmolybdic acid in ethanol (10% w/v), blotting and 

heating in an oven up to 6ooc. Radioactive areas on the peper chro

matograms were located with chromatogram scanner (Vanguard model 880). 

A 3 cm strip from the middle of the paper was used for scanning. 

Sodium BismuthaSe Oxidations: In the preparation ~ f derivatives 

of pregnanetriol and 17~-hydroxypregnanolone, the side chain vas cleaved 



to form the corresponding 17-ketosteroid. The reaction was performed 

according to the method described by Appleby et al (258). A solution 

of 20 mg of steroid per ml of aqueous tert-butanol : water (80:20) 

was prepared. In some instances it was found that the steroid would 

not dissolve in such a small volume of solvent, so larger volumes were 

used (e.g. up to 4 ml per 20 mg of steroid), without affecting the 

results of the reaction. Tb the steroid solution were added 20 ml of 

50% acetic acid and 1 gm of sodium bismuthate. The mixture was shaken 

in the dark for 1 hour and then excess reagent was reduced with 4 ml of 

10 per cent sodium thiosulphate. Twenty ml of 3 N NaOH were add•d to 

the reaction mixture and it was extracted with ethyl acetate~ 3 x 75 ml). 

The combined ethyl acetate extracts were washed With 3 N NaOH ( 3 x 

20 ml), with distilled water until neutra!, dried over sodium sulphate 

and evaporated to dryness on the flash evaporator; With larger amounts 

of steroid, all quantities of reagents were increased proportionately. 

Preparation of Pregnenetriolsa Because ~-pregnene·3~1 17o(, 

2~-triol and ~-pregnene-3~17~1 20~-triol were not commercially avait

able in the quantities required for use as carriers and standards, they 

were prepared chemically. 

The 20 o(isomer was prepared from 17tl(-hydroxypregnenolone acetate 

by reduction with lithium aluminum hydride as described by Birschmann 

(259). A total of 200 mg of 1~-hydroxypregnenolone acetate was dis

solved in 157 ml of anhydrous ether. This solution was added to a 

mixture of 420 mg of L1AIH4 in 18.8 ml of ether in a 300 ml 3-neck 

flask. The steroid solution was added slowly through a dropping funnel 

while a reflux condenser was connected to a second neck. The mixture 
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was continuously stirred with a magnetic stirrer. After all the steroid 

was added, stirring was continued for 30 minutes. The excess lithium 

aluminum hydride was destroyed by adding moist ether followed by dis

tilled water. The resulting mixture was then partitioned betveen 300 

ml of 0.1 N HCl and 500 ml of ether. Then the aqueous fraction vas 

extracted with a further zoo ml of ether folloved by ZOO ml of ethyl 

acetate. The combined extracts vere washed w1 th 1 N Naœ (Z x 30 ml) and 

distilled HZO until neutra!. The extracts vere then dried over anhy

drous sodium sulphate and evaporated to dryness on the flash evaporator. 

The dried extract veighed 187.5 mg. Chromatography of a l/100 aliquot 

of the extract by T.L.c. in the system ethyl acetate : n-hexane (4:1) 

indicated the presence of both the ZOo< and ZO/J isomers of pregnene-

triol vith the former predominating, plus a small quantity of unreacted 

17c(-hydroxypregnenolone. The remainder of the extract vas divided 

into 16 parts and each vas chromatographed on thin layer plates in the 

above system. The areas corresponding to the ZO~isomer of pregnenetriol 

on the plates vere combined and eluted. 

The crude pregnenetriol fraction (veight 111 mg) vas then 

chromatographed on the partition type silica gel column described above. 

Forty gm of silica gel vere prepared and packed in a column containing 

3 per cent ethanol in methylene chloride and developed vith 3 and then 

4 per cent ethanol in methylene chloride. The column fractions vere taken 

to dryness under vacuum. There was crystalline material in every fractioa 

from 6 to lOO with an apparent break at fractions lZ - 13. Infra red 

analysis of aliquots of severa! fractions showed that fractions 6 -- 12 

contained ~-pregnene-3~,17~,zo~triol, vhile fractions 14 - llO con-



tained ~-pregnene-3~, 1~ 120q-triol. Fractions 14 -- llO (84.8 mg) 

were combined, filtered and crystallized three times from methanol

ether. The melting point of the final crystals was 221.5 - 224°c 

(Corr.). This agreed with the reported value of 221 -- 224oc (259). 

The infrared spectrum was identical to that of the standard t?-preg

nene-3~,17~,20~-triol. 

To prepare pregnene-3~,1~,2oP-triol in considerable quantity, 

200 mg of 1~-hydroxypregnenolone was reduced vith sodium borohydride 

as described in Part I. The resulting extract was divided into 20 parts 

for thin layer chromatography in the system ethyl acetate : n-hexane 

(4:1). The areas corresponding to the 20 f3 isomer of pregnenetriol 

were combined, eluted and chromatographed on a silica gel column, 

prepared in methylene chloride and developed With mixtures of ethanol 

and methylene chloride (1199 to 20:80) in a atep-wise manner. The 

~-pregnene-3~,17~,20~triol was eluted by 4 - 8 per cent ethanol in 

methylene chloride. It was then cryatallized three times'from methanol

ether. The melting point of the final crystals was 226 -- zzsoc 

(Corr.). The melting point listed in the literature forl?-pregnene-

3/,17~,20~triol is zz4 - 2Z8°C (259)• The infrared spectrum vas iden

tical with the spectrum of the standard compound. 

CHECK OF PURITY OF 17oc'-HYDROXYPREGNENOLONE-7oc-H3 and lZC{-HYDROXYPRo

GESTERONE-4-cl-4 

The 17~-hydroxypregnenolone.7~-H3 used in these experimenta 

was the same lot as that used for the experimenta in Part I. The data 

on its purity was given in that section. 
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The 17~-bydroxyprogesterone-4-cl4 (0.043 ue/ug) vas obtained 

from New England Nuclear Corporation. In arder to test i ts puri ty, 

7.41 x 10S cpm vere mixed with 1Q3.7 mg of non-radioactive carrier. 

The resulting mixture vas then crystallized tbree times. After 

each crysta11ization, approximatelY 1 mg of the crystals were removed 

and accurately weigbèd before transfer to a vial for counting. The 

motber liquors vere accurately weighed, dissolved in methanol and a 

known aliquot was temoved for eounting. The specifie activities of tbe 

crystals and motber liquors after each crystallization were determined. 

Subject: The subject used for the two experimenta in this 

study was a 19-year-old female who vas a patient of Dr. E.A.H. Sims 

at tbe University of Vermont in Burlington. The clinical diagnosis 

on this patient vas one of Cushing•s syndrome. She vas obese and hir

sute and she had striae and a dorsal fat pad. Her plasma electrolytes 

were normal. The results of urinary steroid analyses preformed in the 

Endocrinology Laboratory of the Royal Victoria Hospital, MOntreal, are 

presented in Table XIV. The patient underwent bilateral adrenalectouw. 

At operation the left adrenal bad a moderate1y thick cortex and small 

areas of medullary tissue. The zona glomerulosa vas thin but the zona 

fa~ieulata and reticularis vere prominent. The right adrenal had a 

th~nner cortex. The glands vere normal morphologically and vere in 

the upper limita of normal size. The left adrenal veighed 8 gms and 

tbe right, 6.8 grams. The pathology report stated that the histological 

appearance was consistent with a diagnosis of Cushing•s syndrome. 

Following the operation the patient vas maintained on 37.5 mg of cor-



tisone per z~ hours. Four months later the patient•s obesity and buf

falo hump had markedly decreased. Urinary ateroid analyses resulta 

on a specimen collected 14 days after the operation are shown in Table 

XIV. The patient was on cortisone therapy during the collection. 

EXPERIMENTAL DESIGN: 

§!periment IVa Seven days prior to operation, a mixture of 7.88 

x 106 cpm of 17~-bydroxypregnenolone-7~-s? and 1.06 x 106 cpm of 17~

hydroxyprogesterone-4-cl~ was administered intravenously as de•cribed 

in Part I. 

E;periment Va Four months folloving the operation the patient 

received an injection containing 7.71 x 106 cpm of 17~-hydroxypregnen

olone-7~-H3 and 1.04 x 106 cpm of 1~-hydroxyprogesterone-~-cl~ in 

the same manner. 

Urine was collected for ~ days following the injections. The 

steroid conjugates in the individuel urines were hydrolysed withf?

glucuronidase and by solvolysis as described previously. For each 

study the four extracts obtained after ~-glucuronidase treatment and 

after solvolysis were combined. It was decided to look for 1~-hydroxy

pregnanolone, pregnanetriol,~-pregnene-3~,17~,z~-triol andh5-preg

nene-3P,l7~1ZO~-triol in the glucosiduronidate extracts and L?-preg

nene-3~,17~1ZO~-triol and ~-pregnene-3~,17~,zo~triol in the sulphate 

extracts. Tb facilitate isolation of the steroids from the neutra! 

extracts in Experiment V, small quantities of the anticipated meta-

bolites were added as carrier before chromatography. The following steroids 

were added to the extract obtained alter ~-glucuronidase treatment-



TABLE XIV 

URINARY STEROID VALUES FOR SUBJECT BEFORE AND AliTER BILATERAL ADRENALECTOMY 

Pre-operative Post-operative* Norma:t Range 
(mg/Z4 hours) (mg/24 hours) (mg/24 hours) 

Pregnanediol 4.4 0.3 

17-HYdroxycorticoids 17.1 9.2 2 - 6 

17-Ketosteroids 22.9 3.3 6 ... 16 

17-Ketogenic Steroids 6s.s 48.2 6 -· lZ 

Pregnanetriol 1.3 0 o.? - 2.5 

* . 
~aintained on 3?.S mg of cortisone par day and 0.1 mg of ~-flaorohydrocortisone per day. 

..... ..... 
N 
•. 
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6.59 mg pregnanetriol, 8.31 mg 17~-hydroxypregnanolone, 2.00 mg 

~5-pregnene-3~,17~,2~-triol and 3.50 mg~·pregnene•3P,1~,2~-triol. 

To the combined extracts obtained after solvolysis, were added 5·71 mg 

t?-pregnene-3~1~2~-trioi and ~.32 mg ~-pregnene-3~,17~,20~triol. 

All four extracts were then chromatographed on silica gel columns as 

described in Part I. The elution patterns of radioactivity for each 

of the two columns for Experimenta IV and V are shown in Figures VI 

and VII, respectively. 

In Experiment IV, peaks B and C from the column of the glu

cosiduronidate eztract were combined and chromatographed on T.L.C. 

in order to isolate 17(-bydroxypregnanolone. The area on the thin 

layer chromatogram with the mobility of etiocholanolone was chromato

graphed on paper in the ligroin C : propylene glycol system. Scanning 

indicated a large area of radioactivity at the starting line as well as 

a smaller area with the mobility of etiocholanolone. The large area 

at the starting line was rechromatographed in the toluene t propylene 

glycol system. In this system the major fraction of the radioactivity 

had the mobility of 17~·hydroxypregnanolone. The area which had the 

mobility of 17~-hydroxypregnanolone on T.L.c. was chromatographed on 

paper in the toluene : Propylene glycol system. Scanning of the paper 

indicated a zone of radioactivity which corresponded to the standard 

17~-hydroxypregnanolone run on the same paper. The zone was eluted. 

To the combined 17q-hydroxypregnanolone eluates were added 110.96 mg 

of non-radioactive carrier. The mixture was then crystallized twice 

from ether-methanol, and constant specifie activity was achieved in 

the crystals and mother liquors. The crystals and mother liquor from 



Figure VI 
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COLUilNS OF EXPERDIENT IV. 
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Figure vn 

ELUTION PATTERNS OF RADIOACTIVITY FROK SILICA GEL 

COLUMNS OF EXPEIUIIENT V. 
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the second crystallizàtion were combined and reduced with sodium boro

hydride which was followed by oxidation with sodium bismuthate. The 

resulting etiocholanolone was then chromatographed on alumdna and 

crystallized from ligroin-ether and isooctane-ether. The final crys

tal& and mother liquor were combined and acetylated to form etiocho

lanolone acetate which was crystallized from ligroin-ether to constant 

specifie activity. 

Peak D from Experiruent IV column of the glucosiduronidate 

extract was chromatographed on T.L.c. The areas corresponding to the 

pregnenetriol standards were eluted and run on the partition type 

silica gel columns followed by paper chromatograpby of the radioactive 

fractions in the system ligroin 1 toluene s methanol s water (50 : 

50 : 70 : 30). Scanning of the papers showed peaks of radioactivity 

with the mobilities of the 20 and 20 isomers of pregnenetriol. The 

radioactive areas from the paper chromatograms with the mobility of 

~-pregnene-3~,17~.2~-triol were eluted and combined. Following 

the addition of 18.32 mg non-radioactive steroid to ~70,800 cpm (H3), 

the mixture was percolated through a silica gel column and crystallized 

twice. The specifie activities of the crystal& and mother liquor from 

the second crystallization did not differ significantly and were 

therefore combined and acetylated. The resulting D?-pregnene-3P.l~, 

2~-triol-3,28-diacetate was percolated through a silica gel column 

and crystallized twice. The area on the paper chromatogram with the 

mobility of ~-pregnene-3~,17~,zo~triol was eluted and non-radioactive 

steroid was added. Following percolation through a silica gel column 

the steroid was crystallized tvice. Practically all the radioaetivity 



117~ 

vas in the tvo mother liquors so the compound vas not purified further. 

That the radioactivity might not be~-pregnene-)~,l~,zo~-triol prior 

to crystallization was indicated by the presence of considerable 

cl4 which would not be expected in a compound with 3f'-bydroxy-~5 

structure. 

In Experiment IV, Peak E from the glucosiduronidate column was 

chromatographed on T.L.C. The area vith the mobility of pregnanetriol 

vas eluted and run on the Celite column containing borie acid in 

the stationary phase. One large radioactive peak was eluted and to the 

combined fractions in this peak vere added 91.74 mg of carrier preg-

nanetriol. The mixture vas crystallized twice from methanol-ether. 

The specifie activities of the crystals and mother liquor were the 

same following the second crystallization so they were combined and 

oxidized with sodium bismuthate. The resulting etiocholanolone vas 

crystallized twice and then acetylated. The acetate vas crystallized 

from ligroin-ether and methanol-ether. 

Peak C from the sulphate silica gel column of Experiment IV 

was chromatographed by T.L.C. The areas corresponding to the two 

pregnenetriol standards (ZO~and ZOp?isomers) vere eluted and chroma-

tographed on the silica gel partition type column. The peaks of radio• 

activity in the eluates of these columns were run on paper in the 

ligroin : toluene : MeOBaHzO (50 : 50 : 70 : 30) system. The radio

active area with the mobility of lf-pregnene-3fJ,l~,z~-triol was 

eluted and 6.4z m~ ~on-radioactive steroid were added to 707,950 cpm 

(H3). After percolation through a silica gel column, three crystalliza-



tions were required to attain a constant specifie activity. The crys

tal& and third mother liquor were combined and acetylated. The diace• 

tate was percolated through a small column and crystallized tWice. 

On none of the paper chromatograms of these column fractions was there 

any radioactivàty with the mobility of ~-pregnene·3~,l~,zo~tr1ol. 

Peak B from the sulphate extract silica gel column contained 17•keto

steroids; these were not purified during this study. Peak D from the 

same column was chromatographed on paper in the ligroin 1 toluene s 

methanol : water system •. scanning indicated a peak of radioactivity 

with a mobility rouch less than that ofl?-pregnenetriol. This material 

was not examined further. 

In Experiment V the fractions from the initial silica gel columns 

were combined according to a plot of the radioactivity content and 

treated in the same manner as the corresponding fractions in Experi

ment IV. Peak B from the glucosiduronitate column was chromatographed 

on thin layer plates and the area corresponding to etiocholanolone 

waa eluted. This eluate was then chromatographed on paper in the 

ligroin C 1 propylene glycol system. A scan of the paper indicated 

three radioactive areas, one corresponding to the androsterone standard, 

one to the etiocholanolone standard and the largest one located at 

the starting line. This result indicated that the 1~-hydroxypregnano

lone was spreading over a large area on the thin layer chromatogram. 

This also occurred in Experiment IV. The etiocholanolone and andros

terone fractions were not purified further. The large peak of radio

activity on the starting line of the ligroin C : propylene glycol chro

matogram was rechromatographed in the toluene : propylene glycol system 



vhere the major fraction of the radioactivity had the mobility of 17~

hydroxypregnanolone. The area of the thin layer chromatograms corres

ponding to the 17~-hydroxypregnanolone standard vas also eluted and 

run on paper in the toluene : propylene glycol system. The radioacti

vity vhich behaved as 1~-hydroxypregnanolone on this paper vas com

bined vith that eluted from the above paper chromatogram. A total of 

78.38 mg of non-radioactive 17~·hydroxypregnanolone vas added and fol

lowing chromatography on an adsorption type silica gel column, it vas 

crystallized twice. The specifie activities of the crystals and second 

mother liquor did not differ significantly and they vere combined, 

reduced with sodium borohydride and oxidized vith sodium bismuthate 

to yield etiocholanolone. The etiocholanolone vas crystallized twice 

after it had been percolated through an alumina column. The crystals 

and second mother liquor had the same specifie activity and were combin

ed and acetylated. The etiocholanolone acetate was percolated through 

an alumina column and crystallized twice. 

The second peak of radioactivity from the initial silica gel 

column (Peak C) of the glucosiduronidate extract in Experi~nt v was 

chromatographed on thin layer plates. The areas eorresponding to the 

pregnenetriol standards were chromatographed on the partition type si

lica gel column and the peaks of radioactivity eluted vere run on paper 

in the 11groin : toluene : methanol a water (50 1 50 1 70 1 30) system. 

The areas corresponding to the tvo pregnenetriols vere located by 

scanning for radioactivity and they were then eluted. The areas with 

the mobility of ~-pregnene-3~,17~,2~-triol contained 783,165 cpm of 



tritium. After the addition of 18.73 mg of non-radioactive steroid, 

the pregnenetriol was chromatographed on a silica gel column and 

crystallized twice. The crystals and second mother liquor were com

bined and acetylated. The pregnenetriol-3,20-diacetate was chroma

tographed on silica gel and crystallized twice. The areas of radio

activity on the paper chromatograms with the mobility of the6P-preg

nene-3P,l7~1ZO!-triol standard were treated as described for those 

in the glucosiduronidate fraction of Experiment IV. Again, the major 

fraction of the radioactivity appeared in the mother liquors. 

In Experiment V, peak D from the silica gel column of the glu

cosiduronidate extract was chron~tographed on thin layer plates and 
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the area with the mobility of pregnanetriol was eluted and chromatogra

phed on a partition type silica gel column. A large peak of radioac

tivity was eluted and to it was added 92.57 mg of non-labelled preg

nanetriol. Following percolation through a silica gel column it was 

crystallized twice and the crystals and a mother liquor had specifie 

activities which did not differ significantly. The crystals and second 

mother liquor were combined and oxidized with sodium bismuthate to 

form etiocholanolone. After chromatography on alumina the etiocho

lanolone was crystallized twice. The crystals and second mother 

liquor had the same specifie activity so they were combined and acety

lated. The etiocholanolone acetate was percolated through an alumina 

column and crystallized twice. 

Peak C from .the silica gel chromatogram of the sulphate extracts 

of Experiment V was chromatographed on thin layer plates and the areas 
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corresponding to pregnenetriol vere eluted and chromatographed first 

on a partition type silica gel column and then on paper in the ligroin : 

toluene : methanol : vater system in order to separate the 20~ and 

zot9isomers. The radioactive areas vith the mobility of lf-pregnene-

3p,l7~,zn<-triol and t?-pregnene-3~,17~,z~triol vere eluted. The' 

eluted ZOo(isomer bad 737,430 cpm of H3 and to it vas added 14.98 mg 

of carrier steroid. After percolation through a silica gel column, 

the pregnenetriol vas crystallized tWice. The crystals and second 

mother liquor vere combined and acetylated. The diacetate vas chro

matographed on a silica gel column and crystallized twice. The area 

on the paper chromatogram vith the mobility of the ZOP..isomer of preg

nenetriol was eluted and carrier steroid vas added. After percolation 

through a silica gel column the mixture vas crystallized twice. In 

this instance also, the larger fraction of the radioactivity appeared 

in the mother liquors. Peak B from the initial silica gel column con 

tained the 17-ketosteroids vhich were not purified further. Peak D 

from the same column vas not examined. 

RESULTS 

URINARY EXCRETION OF 17-KETOSTEROIDS 

Prior to operation, a z4 hour urine specimen vas collected and 

analysed for the individual 17-ketosteroids. The neutral extract of 

the urine obtained after t~eatment with~·glucuronidase and solvolysis 

vas chromatographed on alumina by the gradient elution technique. The 

17-ketosteroid excretion pattern is shown in Figure VIII. 
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Dehydroisoandrosterone was not detected and as compared to the 

normal female the most significant increases were in the 11-oxy-17-

ketosteroid fractions. It was necessary to chromatograph the 11~

hydroxyandrosterone and 11-ketoetiocho1anolone fraction on paper in 

the toluene : propy1ene glycol system to effect a good separation. 

The five 17--ketosteroids identified were androsterone, etiocholanolone, 

11-ketoetiocholano1one, 11~-hydroxyandrosterone and ll~hydroxyetiocho

lanolone. Two unidentified peaks of Zimmerman-positive materia1 were 

eluted after the 11~-hydroxyetiocholanolone. 

PIJRITY OF 17C(-HYDUOXYPREGNENOLONE-7~-H3 and 17e<-HYDROXYPROGESTERONE-4-c14 

As described in Part I, the 17~-hydroxypregnenolone-7~-H3 was 

judged to be at least 97 per cent pure. The 17o(•hydroxyprogesterone-

4-c14 was at least 98 per cent pure as surmised from the specifie 

activities of the crystals and unfractionated mother liquors resulting 

from the crystallization of 97,940 cpm of the labelled compound plus 

103.7 mg of non-radioactive carrier. None of the specifie activities 

of the crystals and mother liquors (see Table XV) differed significantly 

from the calculated value of 7,149 cpm/mg. 

VRINMY EXCRETION OF RAPIOACTIVIIY 

In Experiment IV a total of 53.7 per cent of the administered 

tritium radioactivity and 62.9 per cent of the Carbonl4 radioactivity 

were extracted from the urine following{-f-glucuronidase treatment and 

solvolysis (Table XVI). The corresponding figures for Experiment V 

were 57.7 per cent of the tritium and 78.0 per cent of the Carbon14 

(Table XVII). In both experimenta a larger fraction of the excreted 
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TABLE xv. 

TEST OF RADIOCHEMICAL HOMOGENEITY OF 11'$-HYDROXYPROGESTERONE-4-cl! 

Crystallization Sol vent 

1 

2 Methanol 

3 Acetone 

Calculated Specifie Activity 

§pecific Activities (cam/mg~ 
xlls ml 

6869 

68!)8 .• 

7118 

69Z/J 

6460 



TABLE XVI 

RADIOACTIVI1Y EXTRACTED FR()l.1 URINE AFTER/3-GLUœRONIDASE HYDROLYSIS AND SOLVOLYSIS IN EXPERil·lENT IV 

(adndnistered 7.97 x 106 cpm of 1~-hydroxypregne~?1one-~-H3 and 1.06 cpm 17~-hydroxyprogesterone-
4-cl~ 

Glucosiduronidates 

Q!l_ H3 x 103 ?Lo:f dos~ c14 x 103 S of Dose 

1 1576 19.8 571 ?3.7 
2 384 4.8 50 4.7 
3 155 1.9 10 1.0 
4 87 1.1 3 o., 

- --
2202 27.6 634 2.2.:.7. 

Sulphates 

.!2!l. H3 x 103 % of Dose cl-4 x 103 % of Dose 

1 1565 19.6 30 2.8 
2 387 4.9 5 o.z.. 
3 106 1.3 
4 26 0.3 

- -
2084 26.1 ~ _hl 

TOTAL 4286 53.7 669 62.9 
.... 
N 
\rt , 



TABLE XVII 

RADIOACTIVITY EXTRACTED FROM URINE AFTER /3 -GLUCURONIDASE HYDROLYSIS AND SOLVOLYSIS IN 

EXPERIMENT V 

(administered 7.71 x 106 cpm 17~-hydroxypregneno1one-7~-H3 and 1.04 x 106 cpm 17~-hydroxyproges
terone-4-c14) 

Glucusiduronidates 

12!!l. ~x lQ3 ~of Dose c14 x to3 % of Dose 

1 1689 21.9 583 56.2 
2 1199 6.5 131 12.6 

-3 369 4.8 25 2./J 
4 132 1.7 7 0.7 

- -
2689 __211..2_ ...2!2. .lli2. 

Sulphates 

Day H3 x 103 % of Dose c14 x 1o3 % of Dose 

1 849 11.0 45 4.4 
2 454 5·9 9 0.9 
3 321 4.2 6 o.6 
4 128 1.7 2 0.2 

- -
1722 22.8 62 ~1 

TOTAL 4441 57.7 808 78.0 

~ 
N 
0'\ 
• 



carbon-14 radioactivity was extracted following~·glucuronidase treatment 

(over 90 per cent of the total excreted in both experimenta). In Ex

periment IV approximately equal quantities of the tritium (27.6 and 26.1 

percent of the dose} vere extracted folloWingp-glucuronidase treatment 

and after solvolysis. In Experiment V more of the tritium radioactivity 

vas extracted following f9-glucuronidase treatment (34.9 per cent of the 

dose) than following solvolysis (22.8 per cent). Qualitatively, the over

all patterns of excretion for the two studies vere simtlar. Insignificant 

quantities of radioactivity vere excreted on day 4 of the experimenta, 

indicating that the 4-day urine collections were adequate for obtaining 

all of the labelled metabolites formed. 

PATTERNS OF ELUTION OF RADIOACTIVITY FROM SILICA GEL COLUMNS 

The patterns of distribution of radioactivity in the silica gel 

chromatograms of the glucosiduronidate extracts for Experimenta IV and V 

vere similar. The same vas true of the sulphate extracts for the two ex

perimenta (Figures VI and VII). The amount of radioacti vi ty and percen

tage of the injected radioactivity for each of the groups of combined 

fractions for the silica gel columns for Experimenta IV and V are given 

in Tables XVIII and XIX respectively. The elution patterns of radioac

tivity from the silica gel columns for the glucosiduronidate extracts in 

Experimenta IV and V are similar in that there were three principal peaks 

of radioactivity eluted. The first of these peaks (C in Experiment IV, 

and B in Experiment V) contained a small quantity (ca 2 -- 3 per cent) 

of the tritium originally administered and approximately 25 per cent of 

the carbon-14 originally administered. The second peak of radioactivity 



TABLE XIX 

RADIOACTIVITY IN FRACTIONS CONBINED FRO~l SILICA GEL COLilllNS FOR EXPERHIENT V 

Radioactivitl, 
Fractions 

cpm x 10.3 % of injected dose 
H.3 c14 H.3 c14 

~-g1ucuronidase extract 
1 - 12 -- -- --

1.3 - 21 242.6 255.0 .3.15 24.52 
22 - 28 1.346.5 26.o 17.46 2.50 
~9 ··- 4.3 11.32.2 .321.0 14.68 .30.87 

Total 2721 • .3 6o2.o 32.29 57.82 

Solvo1ysis extract 

1 - 10 
11 -- 17 Jn • .3 1.6 o.54 0.02 
18 - .31 12.32.0 20.5 15.98 1.97 
32 - 4o 168.4 17.4 2.18 1.67 
'n - 48 84.9 7.0 1.10 o.67 

Total 1526.6 46.4 18.80 4 • .3.3 

...... 
N 
\0 ... 



TABLE XVIII 

RADIOACTIVITY IN FRACTIONS COMBINED FROM SILICA GEL COLUMNS FOR EXPERI:MENT IV 

Radioactivity 
Fractions 

H.3 c14 H:3 c14 
(cpm x ro:3) $ of injected dose 

J3-glucuronidase extract 

1 - 12 -... -· --
1:3 - 15 21.6 57.6 0.27 o.;4 
16 - zz 181.0 Z74.s 2.27 25.90 
2:3 -·· 29 881.0 10.0 n.o; 0.9 
.30 - :38 690.0 :324.0 8.66 .30.57 
:39 - 4z 4;.8 14.2 o.57 o.1~ 
Total 1819.1i 680 • .3 22.82 57.2:3 

So1volysis extract 
1 - 12 1.8 

1.3 - 19 1:3.3.8 4.6 1.69 o.o4 
20 - '' 1h.76.8 lh-.4 21.10 0.14 
:34 ... 44 156.6 14.8 1.48 0.14 
45 - 58 207.0 9·4 1.95 0.09 
59 -· 61 1z4.o o.; 1.;6 -Total 21oo.o ...!hl. 27.87 o.41 

..... 
N 
00 
1 



(D in Experiment IV and C in Experiment V) contained a small quantity 

of carbon-14 and vas the largest peak of the three vith respect to tritium. 

The third major peak (E in Experiment IV, and D in Experiment V) contain

ed both tritium and carbon-14 vith the latter predominating. Only one 

significant pea~ of radioactivity vas eluted from the silica gel columns 

of the sulphate extracts (peak C for both experiments) and this peak 

vas predominantly tritium. 

SPECIFie ACTIVITIES OF THE ISOLATED COMPOUNDS AND THEIR DERIVATIVES 

Folloving the various chromatographie steps for the purification 

of the individual steroid, non-labelled carrier vas added and they vere 

percolated through silica gel columns and crystallized several times until 

the specifie activities of the crystals and unfractionated mother liquors 

did not differ significantly. The crystals and final mother liquor for 

each compound vere then combined and a derivative vas prepared, purified 

on a column and crystallized. The pregnanetriol vas reacted vith sodium 

bismuthate to form etiocholanolone. After crystallization of the etio

cholanolone, etiocholanolone acetate vas prepared. The isolated 1~

hydroxypregnanolone sample vas treated in a similar manner. Before 

sodium bisJIIlthate treatment, the 1~-hydroxypregnanolone was reduced vith 

sodium borohydride and reacted vith NaBI03 without purification. Sodium 

bismuthate oxidation of t?-pregnenetriol does not yield dehydroisoandros

terone and as a result, the diacetate served as a derivative in the 

purification procedure. 

Non~radioactive carrier steroid vas added to each of the isolated 

metabolites prior to crystallization. In Experiment IV, 91.74 mg of 
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pregnanetriol was added to 546,800 cpm H"" and Z7l,ZOO cpm C , 92.36 mg 

of 1~-hydroxypregnanolone was added to 91,4oO cpm H3 and zz4,4oo cpm 

c14, 18.32 mg ofA5-pregnene-3~,17~,z~-triol was added to 470,800 cpm 

H3 (glucosiduronidate fraction) and 6.42 mg to 707,950 cpm H3 (sulphate 

fraction). The specifie activities of the crystals and mother liquors 

of the free compounds and their derivatives are shown in Tables XX to XXII. 

In all cases, the specifie activities of the derivatives were the same 

as the calculated values within the limita of experimental error. 

ln Experiment V, 92.57 mg of carrier pregnanetriol was added to 

815,600 cpm H3 and 320,800 cpm c14, 78.38 mg of 17~·hydroxypregnanolone 

vas added to 81,700 cpm H3 and 170,700 cpm c14, 18.73 mg of~-pregnene

triol vas added to 783,165 cpm H3 (glucosiduronidate fraction) and 14.98 

mg was added to 737,430 cpm H3 (sulphate fraction). The specifie activi

ties and H3tc14 ratios for the free compounds and their derivatives are 

shown in Tables XXIII to xxv. In this experiment (V) the specifie activi-

ties of the derivatives agreed vith the calculated ones vith one excep-

tion. The specifie activity Vith respect to tritium of the etiocholano-

lone prepared from the 17~hydroxypregnanolone was approximately 50 per 

cent of the expected value. Hovever, the H3tc14 ratio was not changed 

on formation of the acetate. 

ln Table XXVI are shown the crystallization data for theô5-

pregnene-3~,l~,zo~triol samples for the two experimenta. In no instance 

vas a constant specifie activity even approached. 

The final specifie activities of the three metabolites (based on 

those of the last derivative formed) the weight of carrier added to each 

sample and the minimal per cent conversions of the labelled precursors 

to the three urinary products are shown in Table XXVII. In both experi-



TABLE XX 

PROOF OF RADIOCHE:f.liCAL HOM:lGENEITY OF 1:Zv<-HYDROXYPREGNANOLONE ISOLATED FRON GLUCUSIDURONIDATE TRACTION FRO:D<I 

Free 

Reduction and 
Oxidation Product 
(Etiocho1ano1one) 

Eitocholano1one 
Acetate 

' 1 

EXPERIMENT IV 

SPecifie Activities -- cpm/mg. 
First Crysta11ization · Second Crysta11ization 

820 cpm H.3 ) 
) 0 • .38* 

2162 cpm clb. ) 

861 cpm H3 ) 
) 0.36 

2.362 cpm clà ) 

69.3 cpm H.3 ) 

117b. cpm clb. ~ 0
·?9 

800 cpm H3 ) 
) 0.37 

21$.3 cpm clb. ) 

Ca1cu1ated: 9àà cpm H.3 ) 

817 cpm H.3 ) 
) 0.38 

2130 cpm clb. ) 

828 cpm H3 ) 
) 0.3$ 

238à cpm clb. ) 

> 0.38 
2à6o cpm clà ) 

690 cpm H.3 ) 69b. cpm'H.3 ) • e•: ... 676 cpm H.3 ) , 
) 0 • .31 ) 0.,30 ) o.31 

2197 cpm clb. ) 21à5 cpm clà ) 2213 cpm clà ) 

Ca1cu1ated: 727 cpm H.3 ) 
) 0.35 

2070 cpm clb. ) 

808 cpm H3 ) 
> o.h-2 

19à1 cpm clb. ) 

799 cpm H3 ) 

) 0.3.3 
2h-51 cpm clà ) 

661 cpm H3 ) 
> o.3o 

2226 cpm Clà ) 

...... 
\Il 
N 
• 
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TABLE XXI 

PROOF OF RADIOCHEMICAL HO]IlOGENEITY OF PREGNANETRIOL ISOLATED FROM GLUCUSIDURONIDATE FRACTION FR0!-1 E.'ŒERIMENT IV 

Specifie Activities (cpm/mg) 

First Crlstallization Second C!Istallization 
Crystals IvlL Crystal a ?-:IL 

Free 5254 cpm H3 ) 4450 cpm H3 ) 5436 cpm H3 ) 5664 cpm H3 ) 
) 2.08* ) 2.17 

2521 cpm cl4 ) 2053 cpm ci4 ) 
) 1.99 

2727 cpm cl4 ) 
) 2.03 

2787 cpm cl4 ) 

~dation product 6133 cpm H3 ) 5764 cpm H3 ) 6158 cpm H3 ) 6009 cpm H3 ) 

(etiocho1anolone) 
) 1.92 ) 1.93 ) 1.94 ) 1.92 

3203 cpm c!4 ) 2987 cpm c1• ) 3173 cpm c14 ) 3135 cpm cl4 ) 

Theoretica1, 6300 cpm H3 ) 
3160 cpm cl4 ) 1 ·99 

Etiocho1ano1one acetate $036 cpm H3 ) 4788 cpm H3 ) $090 cpm H3 ) ?153 cpm H3 ) 
) 1.88 ) 1.88 

2673 cpm c14 ) 2549 cpm cl4 ) 
) 1.85 

2751 cpm cl4 ) 
) 1.91 

2705 cpm cl4 ) 

Theoretica1: ?373 cpm H3 ) 
2770 cpm c14 ) 1 •94 

*ratio of H3 and ·c14. ..... 
\.1) 
\.1) 

• 



TABLE XXII 

PROOF OF RADIOCHEI>II.CAL HO~OOENEITY OF A5-PREGNENE-,t', 17or',2()c;:(-TRIOL ISOLATED FRO.H GLUCOSIDU-

RONIDATE AND SULPHATE FRACTIONS OF EXPERUIENT IV 

Specifie Activities - (cpm H'/mg) 

Crystallization Free com22und Di acetate 
Crystals NL Crystals }[, 

Glucosiduronidate Fraction 

1 2,,652 16,8'1 19,9,51 18,768 

2 2,,06' 22,299 19,6518 19,872 

Theoretical 17,989 

Sulphate Fraction 

1 85,o46 29,64' 74,957 651,6,1 

2 92,760 60,809 75,770 75,54' 

' 9,,888 90,688 

Theo re ti cal 7,,2,, 

.... 
\.1) 
.f:;-
• 



TABLE XXIII 

PROOF OF RADIOCHE!-D:CAL HOJHOGENEITY OF PREGNANETRIOL ISOLATED FROM GLUCOSIDURONIDATE FRACTION FROM EXPERI:MENT V 

Free 

Oxidation Product 

(etiocholanolone) 

Etiocho1ano1one 
acetate 

Specifie Activities (cpm/mg) 

First Crysta11ization Second Crysta11ization 
Crysta1s 

7449 cpm H.3 ) 
) 2.30 

3244 cpm c14 ) 

-
8497 cpm H3 ) 

) 2.49 
3408 cpm c14 ) 

7440 cpm H.3 ) 
) 2.41 

.3089 cpm c14) 

I>:!L Crysta1s 

5671 cpm H.3 ) 7222 cpm H.3 ) 
) 2.67 

2122 cpm c14 ) 
) 2.47 

2928 cpm c14) 

7872 cpm H3 ) 8620 cpm H3 ) 
) 2.44 

.322.3 cpm c14 ) 
) 2.48 

.3480 cpm c14> 

Theoretical: 8622 cpm H.3 ) 
.3455 cpm c14) 2.47 

6911 cpm H.3 ) 7.392 cpm H.3 ) 
) 2.42 ) 2.46 

2891 cpm c14) .3004 cpm m4) 

T'neoretica1: 73.38 cpm H.3 ) 
.3010 cpm c14) 2 •44 

~:IL 

7.366 cpm H.3 ) 
) 2.59 

2847 cpm cl4 ) 

8274 cpm H3 ) 
)2.51 

.329.3 cpm cl4) 

7134 cpm H3 ) 
> 2.43 

2937 cpm c14) 

.... 
\A 
\Jt 
• 
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TABLE XXIV 

PROOF OF RADioo:HEMICAL HOIOOGENEITY OF 1'73-HYDROXYPREGNANOLONE ISOLATED FROH GLUCODISURONIDATE FRACTION FROM EXPERIJ:.IBNT V 

Specifie Activities (cpm/mg) 

F1rst C~sta11ization Second C~sta11izations 
Crysta1s ])ilL Crysta1s K. 

Free 1306 cpm H3 ) 1470 cpm H3 ) 1.241 cpm H3 ) 1360 cpm H3 ) 
> o.6.z* ) 0.93 > o.6.z ) 0.74 

.2091 cpm cl4> 1576 cpm c14) .zooo cpm c14) 18.25 cpm c14) 

Reduction and 679 cpm H3 ) 569 cpm H3 ) 667 cpm ~ ) 735 cpm H3 ) 
Oxidation Product .2 ) 0 • .29 ) 0.3.2 ) 0 • .29 ) 0.33 
(Etiocho1ano1one) .231.2 cpm c14) 1750 cpm c14) .231.2 cpm E14) .2.2.21 cpm c14) 

Theoretica1: 1433 cpm H3 ) 
) o.6.z 

.2310 cpm c14) 

Etiocho1ano1one 616 cpm H3 ) 580 cpm H3 ) 3 590 cpm H ) 574 cpm H3 ) 
) 0.3.2 ) 0.30 ) 0.30 ) 0.30 

195.2 cpm c14) 1917 cpm c14) 1978 cpm c14> 1941 cpm c14> 
Theoretica1: 58.2 cpm H3 ) 

.2004 cpm c14) 0 • .29 

* _,. Ratio of H3 to ~-4 
1-1 
\.A) 
0\ 
• 



TABLE XXV 

PROOF OF RADIOCHENICAL HOl-lOGENEI'lY OF AS-PREOONE--:;J~,1Zc<,2Q,{-TRIOL ISOLATED FROM GLUCOSIDU-

RONIDATE AND SULPHATE FRACTIONS OF EXPERIMENT V 

Specifie Activities - (cpm H3/mg) 

Crystallization Free ColllpQund Diacetate 
Crystals ~L Crystals ~L 

Glucosiduronidate Fraction 

1 34,6S8 20,378 29,181 29,969 

2 :37,742 36,677 :30,118 29 ,SZ9 

Theoretical 29,4:39 

Sulphate Fraction 

1 28,:310 17,664 24,319 22,444 

2 28,612 27.029 24,426 2S,S67 

Theoretical 22,:311 

.... 
\,\) 
..... 
• 



TABLE XXVI 

CRYSTALLIZATION DATA FOR ~-PREGNENE-3.8,17-<,ZOo<-TRIOL 

Crystallization 

1 

1 

z 

1 

z 

FRACTIONS 

Specifie Activities (cpm/mg) 

Crystals ML 

Experiment IV - Glucosiduronidate Fraction 

98 cpm H.3 
14 cpm c14 

1.3 cpm H.3 
.3 cpm c14 

366 cpm H.3 
5Z6 cpm c14 

78 cpm H.3 
87 cpm cl4 

Experiment V - Glucosiduronidate Fraction 

.301 cpm H.3" 
z6 cpm cl<+ 

46 cpm H.3 

Ex2eriment V -

171 cpm H.3 
.34 cpm cl4 

84 cpm H.3 

Z.Z$7 cpm H.3 
49z cpm c14 

9.3.3 cpm H:3 
z.os cpm c14 

Sul2hate Fraction 

$246 cpm H.3 
1179 cpm clll· 

1727 cpm H.3 
370 cpm ct4 

1,38. 



TABLE XXVII 

FINAL SPECIFIC ACTIVITIES AND WEiœTS OF CARRIER ADDED TO METABOLTI'ES ISOLATED AND 1viiNIMAL PER CENT CONVERSIONS OF 

17o(-HYDROXYPREGNENOLONE-7o(-H3 AND l:zo<-HYDROXYPROGESTERONE-4-c14 TO URINARY PREGNANETRIOL, 17o(-HYDROXYPREGNINOLONE 

AND ~-PREGNENE-3P',17o<; 20o<-TRIOL 

Exeeriment IV E~eriment V 
Specifie Weight of Minimal Specifie Weight of Mtnimal 
Activity carrier % Coaversion Activity carrier % Conversion 

(_c_p_Jll/JJ!g}_. ______ (mg. ) (cpJJVJllg) (mg.) 

Pregnanetrio1 5309 cpm H3 
2737 cpm cl4 

91.74 6.11 % H3 
23.6o % c14 

7303 cpm H3 
2968 cpm c14 

92.57 8.77 % H3 
26.47 % c14 

17oC-Hydroxy 672 cpm H.3 92 • .36 0.78 % H3 657 cpm H3 78 • .38 o.67 % H.3 
pregnano1one 2200 cpm c14 19.10 % c14 1968 cpm c14 14.86 % c14 

D?-Pregnene-.3~,17q, 
20c:{-trio1 

A. Glucosiduronidate 25,20.3 cpm H.3 18 • .32 5.8 % H.3 38,690 cpm H3 18.73 9 •• 0 % H3 

B. Su1phate Fraction 97,141 cpm H.3 6.42 7.8.3 % H.3 .31,315 cpm H3 14.98 6.09 % H3 

..... 
~ 
• 
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ments approximately ho per cent of the administered clh was isolated 

as 17 ~-hydroxypregnanolone and pregnanetriol. Only about 7 per cent 

of the tritium was isolated in the form of these two metabolites. Ap-

proximately 15 per cent of the administered tritium was isolated as 

L15-pregnene-3!,1~,2~triol in the two experimeâts. 

DISCUSSION 

The minimal per cent conversions of 17 o( -hydroxypregnenolone-

3 l!J 7 ~-H and 17~-bydroxyprogesterone-4-c to urinary pregnanetriol; l~ 

hydroxypregnanolone andA5-pregnene-3P,l7~,ZO<-triol were measured in 

a 19-year-old female subject with Cushingts syndrome due to bilateral 

adrenal hyperplasie. The experiment was performed both before adrenal-

ectomy and a gain after adrenalectomy. These resul ts are minimal in that 

no corrections were made for losses occurting during the isolation 

procedures. To establish the radiochemical homogeneity of the iso-

lated urinary metabolites, carrier steroid was added and crystalliza-

tions were performed on the free compound as well as on derivatives 

of the free steroid. The procedures are capable of removing radio-

active contattdnants as was evidenced by the loss of approximately 

50 per cent of the tritium in the 17~-hydroxypregnanolone of Experiment 

V (Figure XXV) during preparation of the derivative, etiocholanolone. 

This labelled impurity bad not been removed by the crystallization of 

the 17~-hydroxypregnanolone itself or during the chromatography prior 

to crystallization. 

One of the primary objectives of this study was to compare the 

relative contributions of 17~-hydroxypregnenolone and 1~-hydroxypro• 



gesterone to urinary pregnanetriol and 17~-hydroxypregnanolone. The 

H3;cl~ ratio of the administered steroid mixture was approximate1y 

7.5 to 1. In Experiment IV the H3/Cl4 ratio in the urine pregnanetrio1 

was 1.8 to 1 indicating that four times more 17~-hydroxyprogesterone 

than 17~-hydroxypregnenolone was converted to pregnanetrio1. This 

difference in the rate of metabo1ic transformation is a1so reflected 

in the measured conversions (6.11 per cent of the administered 17~-hydroxy

pregneno1one-7~-H3 and Z3.60 per cent of the 1~-hydroxyprogesterone-~-

clh vere exereted as pregnanetriol). In ~eriment V, the H3fc14 ratio 

in the urinary pregnanetriol was approximately Z.5 to 1. The conversion 

of 17o{-hydroxypregnenolone to pregnanetrio1 was s1ight1y more effi-

cient than in Experiment IV. The conversion of 17~-hydroxypregnenolone 

to urine 17~-hydroxypregnanolone occurred on1y to a minor extent. The 

g3;c14 ratio in this urine steroid was approximate1y 0.3 in both 

experimenta. Of the isolated urine metabolites of the 17e<-hydroxy

pregnenolone-~-H3, ~-pregnene-3P,17~,z~-trio1 was the most important. 

Approximately 15 per cent of the administered dose was isolated from 

the urine in the form of this metabolite. This metabolite was found 

in the extraets obtained after ~-glucuronidase treatment and in those 

obtained after solvolysis. In Experiment IV, more of it was isolated 

from the sulphate extraet than from the glueosiduronidate extract. 

The reverse was found in Experiment v. No explanation ean be offered 

for this difference. 

The metabolism of the administered 17~hydroxypregnenolone-~

H3 and the 17~hydroxyprogesterone-4-c14 is summarized in Figure IX. 

As stated above, the g3/Cl4 ratio in the.urine pregnanetriol was only 



Figure IX. 

PERIPHERAL IIET.AllOLISJI OF 17a-BYIIWXYPREGNENOLONE-7a•ftl 

AND 17o,-HYDROXYPROGESTERONE-4-Cl4 

0 

17a-U,droxyprogesterone 

Pre-op 
Post-op 

( ? 

HO 

Injected aStc14 

7. 52-
7.41 

17a-Hydroxypregnenolooe 

17a-Hydrozypregnanolone Pregnanetriol 

Isolated 

Pre-op 

Post-op 

~. 
a3;cl4 

0.35 

0.29 

1 
a3;cl4 

1.94 

2.44 



one quarter of that of the administered mixture. This indicated that 

of the two precursors 1~-hydroxyprogesterone was more efficiently 

converted to pregnanetriol. The H3fcl4 ratios of the urinary 1~

hydroxypregnanolone were 1/6 to 1/8 of the B~14 ratios in the urine 

pregnanetriol. This indicates that the two urine steroids do not 

share a single common precursor. The greater part of the 1~-hydroxy-

pregnenolone going to pregnanetriol was not converted via 17~-hydroxy• 

progesterone, if the latter is the direct preoursor of 17~-hydroxy

pregnanolone. The most reasonable explanation tor the higher B3/cl4 . 
ratio in the pregnanetriol is the conversion of 1~-hydroxypregnenolone 

to p~egnanetriol via c?-gregnenetriol. If this conversion were as 

efficient as the transformation of 17~-hydroxyprogesterone to pregnane-

triol, then the H3/c14 ratio in the pregnanetriol should approach 

Pregnanetriol had long been oonsidered as a unique metabolite 

of 17o(-hydroxyprogesterone. The conversion of 17~-hydroxypregnonolone 

to pregnanetriol was first reported by Fotherby (248). Roberts et al 

(120) studied the conversions of labelled 17~-hydroxypregnenolone 

to urinary pregnanetriol and~·pregnene-~,17~,2~-triol in a subject 

with an adrenal adenome. They measured the specifie activities of the 

two urinary metabolites and found them to be the same within the limits 

of experimental error. They concluded that in their subject 17~-hydroxy-

pregnenolone was the major precursor of pregnanetriol as a second 

significant source would have lowered its specifie activity. Fukushima 

et al (117) studied the metabolism of labelled 17~hydroxyprogesterone 

in a subject with adrenal carcinome. The specifie activity of the 



urinary 17o(-hydroxypregnanolone was ten times greater than that of 

the pregnanetriol. This result indicated that some other steroid was 

the major precursor of urinary pregnanetriol. Tbese authors suggested 

from the existing knowledge that the other precursor of the urinary 

pregnanetriol might be l7~hydroxypregnenolone. In another study on 

a subject with adrenal carcinoma, Fukushima et al (ZO$) administered 

tritium-labelled 17~-hydroxypregnenolone and clk-labelled 17~-hydroxy-

progesterone and measured the specifie activities of urinary preg-

nanetriol, 1~-hydroxypregnanolone and A5-pregnene-38,17~,z~-triol. 

The presence of c1k in the urinary pregnanetriol indicated that 17~

hydroxypregnenolone was not its sole precursor and the H3;clk ratio 

suggests that 17~-hydroxyprogesterone could serve as a significant 

precursor. The H3fclk ratio in the pregnanetriol was 2.17 as compared 

to the precursor ratio of z.89. Both administered steroids were con

verted to pregnanetriol vith almost equal efficiency. This studY by 

Fukushima et al is the only one previously reported in which 17~

hydroxypregnenolone and 17~-hydroxyprogesterone were administered 

simultaneously. Fukushima et al (116, Z05) have reported studies 

on the metabolism of the two individually in normal subjects. The stu

dies of Roberts et al (lZO) and Fukushima et al (117) which have just 

been discussed utilized as experimental subjects, patients vith an ab

normally high excretion of pregnanetriol and~$-pregnene-3~,17~,20~

triol. In these situations it is possible that the secretion of one 

of the normal precursors of pregnanetriol is elevated Yhile the other 

or others are not. The conclusions drawn from studies in such patients 



may not be applicable to normal subjects. The urinary excretion of 

pregnanetriol by the subject used in this study was within the normal 

range ( 1 mg.), although the excretions of other steroids were ele

vated. The results indicate that in this subject, 17~-hydroxyproges

terone was more efficient than 17~hydroxypregnenolone as a precursor 

of urinary pregnanetriol. 

The ccnvarsions of 17~hydroxyprogesterone to pregnanetriol in 

Experimenta IV and V (23.60 and 26.47 per cent, respectively) are com

parable to those found in a normal subject (22.3 per cent) and in 

one with congenital adrenal hyperplasia (16.2 per cent) by Fukushima 

et al (116). The conversions were lower for two subjects with adrenal 

carcinoma (10.6 and 8.8 per cent). In one of the two subjects with 

adrenal carcinoma the conversion of 17~-hydroxypregnenolone to urinary 

pregnanetriol was 6.6 per cent. This compares favourable to those found 

in this report (6.11 and 8.77 per cent) and to those reported for the 

subject with an adrenal adenoma (6.4 per cent) reported by Roberts 

et al (120) and for a normal subject (5.1 per cent) reported by Fuku

shima et al. The conversions of 17~-hydroxyprogesterone to urinary 

l7a\-hydroxypregnanolone by the subjects of this report (14.86 and 

19.10 per cent) and by the normal subject (23.3 per cent) and the 

other subjectt' 0-3.3, 1$.6 and 7.9 per cent) reported by Fukushima et 

al (116, 117, 205) are similar with the exception of the last subject 

of Fukushima et al. This subject bad adrenal carcinoma. The conver

sions of 1~-hydroxypregnenolone to 17~-hydroxypregnanolone by our 

subject and those of Fukushima et al are all similar. 'Ihe convarsions 

of 17~-hydroxypregnenolone to~?-pregnenetriol ranged from 8.8 percent 



in the normal subject reported by Fukushima et al (205) to 22 per cent 

in the subject with the adrenal adenoma. The results for the subject 

in this report were 1~.63 and 15.49 per cent in Experimenta IV and V 

respectively. 

The only differences between Experimenta IV and V was in the 

slightly more efficient conversion of 1~-hydroxYpregnenolone to preg

nanetriol in Experiment v. Thus, it can be concluded that the presence 

of the hyperplastic adrenals and their high steroid excretion had no 

great significant effect on the conversions studied. 



PART III 

STUDIES ON THE URINARY EXCRETION OF 17-KETOSTEROIDS BY HOGS. 



I~ROOU~ON 

Although there have been many studies on the urinary excretion 

of 17-ketosteroids by humans, there have been relatively few studies 

of this nature on animais. This fact has been noted by Dorfman and 

Shipley (Z60),by Wright (Z61) and by Short (Z6Z). 

The data reported in the literature to date indicate that the 

excretion of 17-ketosteroids by most animais is very low. In older 

studies where total 17-ketosteroid~ and not the individual compounds 

were measured colorimetrically on crude urine extracts, the results 

reported may be an over-estimation of the true values since it has been 

demonstrated by several workers that a large fraction of "Zimmerman 

chromogens" in some animal urine extracts is not steroidal in nature. 

Danford and Danford (Z63) and Kimeldorf (264) measured total 

17-ketosteroids in rabbit urine and found levels in the range of 1 -

Z mg per 24 hours. It was noted in later studies that depressions of 

the urine 17-ketosteroid levels folloVing treatment with drugs was 

related to histologie changes in the adrenals, thus indicating that 

the adrenals are the source of at least part of the 17-ketosteroids. 

Glenn and Heftman (Z65) reported that the urinary excretion of 

neutra! 17-ketosteroids of dogs was less than 1 mg per day. They 

found no sex difference in the levels of urinary 17-ketosteroids in 

dogs and the urinary titre was not increased by the administration 

of ACTH. No attempts were made in these studies to fractionate the 

17-ketosteroids extract into its individual components. 



llt:&rker (266, 267) succeeded in isolating very small quantities 

of androsterone and dehydroisoandrosterone from the urine of bulls, 

cows and steers. The total concentration of 17-ketosteroids in the 

urine of cattle was found by Holtz (268) to be 0.3 mg per liter 

(maximum). Boltz noted that there was considerable non-steroidal 

Zimmerman-positive material in cattle urine. He was able to identify 

dehydroisoandrosterone, etiocholanolone and ll•ketoetiocholanolone but 

did not find a significant difference between bulls, steers, normal 

cows and cows with sexual abnormalities. Administered testosterone and 

ACT.H resulted in an increased urinary 17-ketosteroid titre. Testoster

one administrations produced a large increase in the excretion of urinary 

etiocholanolone while with ACTH the largest increase obtained was in 

the 11-ketoetiocholanolone fraction, with lesser increases in the 

dehydroisoandrosterone and etiocholanolone fractions. Androsterone 

was also found in the urine following ACTH administration. 

The 17-ketosteroid level in pregnant goat•s urine was found to 

be less than 1 mg per liter (269). lsoandrosterone was identified 

and there was chromatographie evidence for the presence of androsterone, 

etiocholanolone and 11-ketoetiocholanolone. The infra red spectra 

of the latter two were reported to be not well detined. very small 

quantities of dehydroisoandrosterone and isoandrosterone have been 

detected in pregnant marets urine (270). 

The excretion of 17-ketosteroids by guinea pigs has been the 

subject of severa! etudies. Peron and Dorfman (271) were able to iden

tity 11~-hydroxyetiocholanolone, 11f·hydroxyandrosterone, ll•keto-



androsterone and 11-ketoetiocholanolone in urine collected from 

guinea pigs which were being stimulated with ACTH. Later, these same 

authors (272) reported that the quantities of 11~-hydroxyetiocholano• 

lone and 11-ketoetiocholanolone excreted by guines pigs were increased 

folloWing ACTH stimulation, while the excretion of 6!,11~dihydroxy-

64-androstenedione was not. These resulta suggested that the adrenals 

were the source of the urinary 11-oxy-17-ketosteroids but that 6-

hydroxylation occurred elsewhere. Brooks et al (Z73) reported that the 

urinary excretion of 17-ketosteroids in guinea pigs increased during 

pregnancy. Ovariectondes performed after 7 - 7! weeks of pregnancy 

did not affect the increase in 17-ketosteroid excretion. Tbe authors 

provided good evidence for the presence of isoandrosterone as we11 

as the 11-oxy-17-ketosteroids in the urine extract. 

Shubert and Wehrberger (274) iso1ated twelve steroids from the 

urine of female rats and identified them by infra red ana1ysis. 

These included androsterone, etiocholanolone, and their 11-keto and 

4 
11~-hydroxy analogues, ~-androstenedione, etiocholanedione, 11-keto-

isoandrosterone and 11,-hydroxyisoandrosterone. 

There are severa! reports in the literature on the androgens 

secreted in spermatic vein blood of animals. SUzuki and Eto (275) 

found that testosterone was the major androgen pre~ent in the spermatic 

vein blood of adult rats. The administration of HCGcaused an eight-

fold increase in the level of testosterone. in the spermatic vein blood 

and a two-fold increase of the same hormon~ in the testes itself. 

Another C19 steroid,~4-androstenedione, was also detectable in the 
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spermativ vein blood following HCG injections. 

Lindner (276. 277, 278) and Lindner and Rowson (279) published 

a series of studies on the androgens secreted by farm animais. By 

analysing arteriel and spermatic vein blood, testosterone, ~h-andros

tenedione and 17~-hydroxyprogesterone were identified as secretory 

products of bull testes. The ratio of testosterone to ~4-androstene

dione was found to increase as the animal matured. The secretion of 

testosterone as well as the amount of hormone present in the testes 

were both increased by HCG administration. When calves were subjec

ted to unilateral orchidecto~ at the age of li months, the rate of 

testosterone secretion at the age of 5 months by the remaining testis, 

was significantly greater than the combined output of the two testes 

in control animais of the same age. Testosterone and~4-androstene

dione were found in spermatic vein blood of rams, boars and stallions. 

HCG administration led to an increase of the testosterone levels in 

the spermatic vein blood of most of the experimental animais examined. 

Although it has been reported that boar testes secrete consider

able quantities of testosterone, earlier reports :indicated a very low 

level of urinary excretion of 17-ketosteroids in this species. Green 

and Winters (280) determined the amounts of 17-ketosteroids in boar 

urine and obtained results ranging from o.6 to 3 mg per 24 hours. 

There was a tise in the 17-ketosteroid levels with maturity. The 

urinary excretion also appeared to vary with the sexual activity of 

the animais. 

In a search for an animal with a 17-ketosteroid excretion pat-
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tern similar to that found in humans, in order that the liver of such 

a species could be used for in vitro experimenta, we became interested 

in the recent reports of Huis in•t Veld et al (281, 282), which indi

cated that the pig might be the 1nost sui table. 'Ihese investi ga tors 

isolated dehydroisoandrosterone and 3-chloroandrost-5-ene-17-one 

(considered to be an artifact resulting from the acid hydrolysis of 

dehydroisoandrosterone sulphate) from male hog urine. Isoandrosterone 

was found in considerable quantities while androsterone and etiocho

lanolone were not present in significant amounts. Paper chromatogra

phie evidence was also presented to indicate the presence of 11-oxy-

17-ketosteroids. 

A number of steroids have been isolated from hog adrenals and 

testes. A partial list of the steroids which have been isolated from 

these two endocrine tissues is presented in Table XXVIII. These in

elude the classical adrenal secretion products (Z83, 284) and some of 

the biosynthetic intermediates (285). Severa! C19 steroids have been 

isolated from hog adrenals (286 - 288). Pregnenolone (289, 290) and 

two .6,16 steroids (291) have been isolated from hog testes. Prelog 

et al (292) concluded that testosterone was probably present in hog 

testes tissue. 

The objecta of the experimenta to be described was to isolate 

and identify the 17-ketosteroids in urine collected from normal and go• 

nadectomized male and female hogs and pregnant females and to measure 

the effects of ACTH and HCG on the urinary levels of the individual 

steroids in the normal male hog. 



TABLE XXVIII 

STEROIDS ISOLATED FROivi HOG ADRENALS AND HOG TESTES 

HOG ADRENALS 

Cz1 Steroids 

Hydrocortisone 17~-HYdroxyprogesterone 

Cortisone 17~-HYdroxypregneno1one 

11-Desoxyhydrocortisone Progesterone 

Cortieosterone Pregnenolone 

Aldosterone 

~-Androstenedione 

C1p Steroids 

11~Hydroxyisoandrosterone 

1~-Hydroxyandrosterone 11-Ketoisoandrosterone 

HOG TESTES 

5 /:S. -pregnenolone 

~6-androsten -~-ol 

~16-androsten -3~-ol 
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EXPERIZ.IENTAL 

Iv.Œ:'IHODS 

All the methods used in this study have been previously des

cribed in Parts I and II. The urines were first treated wi th{J -glu

curonidase to cleave the steroid glucosiduronidates and then by sol

volysis to cleave the sulphates. The neutra! extracts so obtained 

were then chromatographed on alumina using the gradient elution tech

nique. 

Because the extracts were always very heavy, most of them vere 

divided into severa! parts for this stage of the purification • The 

peaks of Zimmerman-positive material eluted from the column were combin

ed and chromatographed on paper. The 11-desoxY~l?-ketosteroids were 

run in the 1igroin C : propylene glycol system while the ll•oXY-17-

ketosteroids were run in the toluene : propylene glycol system. Ap

propriate standards were run on one side of the chromatograms. The 

standards as well as a narrow strip from the center of the extract 

lane were spotted by the Zimmerman reaction. The Zimmerman-positive 

areas were eluted and partitioned between ethyl acetate and water to 

remove the last traces of propylene glycol. Since dehydroisoandros

terone and isoandrosterone do not separate in the ligroin C propy-

lene glycol system, the area containing the two was rerun in the 

ligroin B:methanol : water {10 : 9 : 1) system which effects a clear 

separation. The fractions vere then percolated through small alumina 

columns and portions submitted for infrared analysis. In certain 



instances thin layer chromatography on silice gel G, using the solvent 

systems ethyl acetate : n•hexane (9 : 1) and ethyl acetate : isooc

tane (7 : 3) was used for additional purification. The 11-oxy-17-

ketosteroids which were to be examined by infrared analysis in cs2 

were acetylated prior to percolation through the alumina columns. 

The free compounds have low solubility in cs2 and they had to be 

examined in KBr pellets. 

EXPERI~ŒNTAL DESIGN 

These studies were dona with the assistance of Dr. J.I. Raeside 

at the Ontario Veterinary College at Guelph, Ontario. Urines were 

collected from the animais in metabolic cages, frozen and sent to 

J:.~ntreal. 

In the preliminary studies, the urines were not collected on 

a z4-hour basis and only a qualitative picture of the urinary 17-keto

steroid excretion was obtained. Urines from normal males and females 

and gonadectomized males and ~males and pregnant females were examined 

in this way. TWo liters of ea~h urine specim9n ware processed. A 

sample pattern of the gradient elution chronatogram of the 17-keto

steroids from norn~l boar urine is shown in Figure XI. The first 

two peaks did not have typical Zimmerman chromogens and contained a 

great deal of pigments. For these reasons they were not further 

investigated. The peak eluted in Fr.a~tions 13 to ZB (Peak A) was 

first chromatographed on paper in ligroin C : propylene glycol. The 

Zimmerman-positive materiel having the polarity of dehydroisoandros

terone was eluted and chromatographed on paper in ligroin B : methanol t 
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Figure XI. 
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water (10 : 9 : 1). In this system two Zimmerman-positive areas 

were obtained, having the mobilities of dehydroisoandrosterone and 

isoandrosterone. These two areas were eluted and the residues were 

percolated through small alumina columns. The column eluates were 

then examined by infra red spectroscopy. The spectra were identical 

with those of dehydroisoandrosterone and isoandrosterone. Fractions 

Z9 to 43 (Peak B} from thecotumn were chromatographed on paper in 

the ligroin C s propylene glycol system and the Zimmerman-positive 

area with the mobility of androsterone was eluted. The residue was 

percolated through a small alumina column and subpdtted for infrared 

analysis. The spectrum was identical to that of our reference andros

terone. Fractions 44 to 61 (Peak C) were treated similarly and the 

area corresponding to the etiocholanolone standard was eluted from 

paper. The infrared spectrum following the small alumina column in 

this instance was poorly defined so the material was rechromatogra

phed on thin layer plates. A cleaner sample was obtained which gave 

an infrared spectrum identical to that of etiocholanolone. Fractions 

62 to 79 (Area D) were pooled and chromatographed on paper in the 

toluene : propylene glycol system. Two Zimmerman positive areas were 

found, one with the mobility of 11--ketoetiocholanolone and one with 

the mobility of ll~hydroxyandrosterone. The 11-ketoetiocholanolone 

area wes chromatographed on a thin layer plate in the ethyl acetate 

: n•hexene (4:1) system, percolated through a small silica gel column 

and sub~tted for infrared analysis. The resulting spectrum was iden

tical to that of llFJ-hydroxyetiocholanolone. The urine extracts from 

the other classes of animais were treated in a similar manner. 



The affects of ACTH and HCG on the urinary excretion of the 

individuel 17 -ketosteroids were studied in a two-year-old boar of the 

Yorkshire-Wessex Saddleback crossbreed. For the first study, control 

24-hour urines were collected followed by the intramuscular adminia

tration of 300 units per day of porcine ACTH for 8 days. The urine 

collected during the eight-day period was divided into two pools. 

Urine from days 1 to 4 and that from days S to 8 were pooled and 

2 liter aliquots were removed for analysis. Two weeks later, a second 

control urine was obtained. after which 2400 units per day of HCG were 

administered intramuscularly for 6 days. The urine was divided into 

two pools - days 1 to 4, and S and 6,- and two liter aliquots from 

the two were removed for ana1ysis. The urine volumes varied from 

4 to 9 liters 1 24 hours during the two studies. Aliquots were remov

ed from the various fractions after the paper chromatography for the 

quantitation of the individuel 17--ketosteroids using the micro 

Zimmerman reaction as described in Part I. 

RESULTS 

The steroids isolated from the urines of the normal and gona

dectomized male and female and pregnant female hogs are shown in 

Table XXIX. As can be seen, the 17-ketosteroids isolated from the 

urine of the norn~l boar are those normally found in human urine. 

In the preliminary studies, there was only chromatographie evidence 

for the presence of 11~-hydroxyandrosterone. In the latter studies 

it was identified by its infrared spectrum. Only the 11-oxy--17-



ketosteroids were found in the urine of the castrated boar. No 17-

ketosteroids were detected in the urine of the normal fema1e even though 

several large aliquots of urine were processed. The 11-oxy-17-keto

steroids were found in the urine from the ovariectomized sow. Andros

terone and llP-hydroxyandrosterone were positively identified in the' 

urine of a pregnant sow and there was fair evidence for the presence 

of 1l~hydroxyetiocholan0lone. 

The gradient elution patterns of the urinary 17-ketosteroids 

of urine from a normal boar before and after stimulation with ACTH 

and HCG are shown in Figure XII. The excretion of the 17-ketosteroids 

was stimulated by BCG and depressed by ACTH. This increase is quite 

marked in the peak representing dehydroisoandrosterone plus isoandros

terone. The aQOunts of the individual 11-desoxy-17-ketosteroids of 

the urine pools collected during ACTH administration and during HCG 

administration are ahown in Tables XXX and XXXI, respectively. The 

changes in the relative sizes of the dehydroisoandrosterone plus 

isoandrosterone peaks from the gradient elution colamns are reflected 

in the changes in the quantities of both ~7-ketosteroids as shown 

in the tables. 

During ACTH administration the dehydroisoandrosterone excre

tion decreased from a control value of 41.? mg per 24 hours to 10.2 

mg per 24 hours during the sixth to eighth day of treatment. The 

corresponding figures for isoandrosterone were 27.2 and 3.2 mg per 

24 hours, respectively. The androsterone excretion was lower than 

the control dur:i.ng the days 1 - 4 urine pool • but was the same as 



TABLE XXIX 

STEROIDS IDENTIFIED IN HOG URINE 

Normal Boar 

Normal Sow 

Castrated Boar 

Ovariectomized Sow 

Pregnant Sow 

Dehydroisoandrosterone 

Iso androsterone 

Androsterone 

Etiocholanolone 

ll-Ketoetiocholanolone 

llP-hydroxyandrosterone 

llp-hydroxyetiocholanolone 

- None 

- 11-Ketoetiocho1ano1one 

llf-hydroxyandrosterone 

11!-hydroxyetiocholanolone 

- 11-Ketoetiocholanolone 

ll~hydroxyandrosterone 

ll~hydroxyetiocholanolone 

- Androsterone 

ll~hydroxyandrosterone 

11!-hydroxyetiocholanolone ? 
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TABLE XXX 

INFLUENCE OF HCG ON 'IHE URINARY EXCRETION OF lZ•KETOSTEROIDS 

BY 'IHE BOAR 

Time Period 

Control Dys 1-4 Days 5-f 

(mg/Z4 hours) 

Dehydroisoandrosterone 
+ Isoandrosterone z6.z 239·9 198.2 

Dehydroisoandrosterone (D) 4l.z 143.6 100.9 

Isoandrosterone (I) 33.2 100.6 56.9 

D/I l.Z6 1.43 1.zz 

Androsterone o.43 14.zz 15.Z 

Etiocholano1one 0.85 14.47 11.35 

.· 



TABLE XXXI 

INFLUENCE OF ACTH ON THE URINARY EXCRETION OF 17-KETOSTEROIDS 

BY THE BOAR 

Time Period 

Control Days 1-.4 Days 6-8 

mg/Zà hours 

Dehydroisoandrosterone 
+ Isoandrosterone zo • .4 33.2 13.6 

Dehydroisoandrosterone (D) .41.5 Z1 • .4 10.2 

Isoandrosterone (I) 2].2 9·0 3.2 

D/I 1.53 2.38 3.18 

Androsterone 3.6 1.31 3.61 

Etiocho1anolone 3.1 o.6z 1.03 



the control leve! during the days 6 -- 8 pool. The urinary excretion 

of etiocholanolone was lower than the control value of 3.1 mg per z4 

hours in both urine pools. The excretion of the four 17-ketosteroids 

quantitated, dehydroisoandrosterone, isoandrosterone,androsterone and 

etiocholanolone increased during HCG administration. There was a 

3 - 4 fold increase in dehydroisoandrosterone and isoandrosterone ex

cretion during days S and 6. Proportionately, there were even greater 

increases in the excretion of androsterone and etiocholanolone although 

in this study the control levels of excretion were lower than for the 

ACTH study (the same animal was used for both studies). 

DISCUSSION 

The urines of normal and castrated male hogs and of normal, 

ovariectomized and pregnant female hogs were examined for 17-ketosteroids. 

The urines were treated with~-glucuronidase and by so1volysis to hy

drolyse the steroid conjugates. The neutra! extracts were then chro

matographed on alumina using the gradient e1ution technique. The vari

ous 17-ketosteroid fractions were then purified further by paper chro

matography and percolation through small columns. The eluates from 

the smal1 columns were then subjected to infrared analysis for 

positive identification of the individual 17-ketosteroids. In severa! 

instances, the 11-oxy-17-ketosteroids were identified as their acetates. 

The excretion pattern of 17-ketosteroids by the normal boar 

is qualitative1y similar to that found in the human (see Table XXIX). 

The 11-desoxr-17-ketosteroids, dehydroisoandrosterone, isoandrosterone, 

androsterone and etiocholanolone and the 11-oxy-17-ketosteroids, 11-



ketoetiocholanolone, lltLhydroxyandrosterone and 11~-hydroxyetiocho

lanolone vere present. The patterns of humans and hogs differ quan

titatively as will be discussed later. The ll-desoxy-17-ketosteroids 

vere absent in the urine of the castrated boar, a1though the 11-oxy-

17-ketosteroids vere present. Tbis indicated that the testes were 

the source of a11 the 11-desoxy-17-ketosteroids in the urine of the 

normal boar. In man, the precursors of the urinary 11-desoxy-17-

ketosteroids are largely elaborated by the adrenal glands. 

It vould appear from the results obtained with the boars and 

sows that the adrenals are the source of the 11-oxy-17-ketosteroids 

in both the males and females. The consistent absence of 17-keto

steroids in the urine of the normal sow was surprising. Two liter 

portions of two different urine collections were examined but no Zim

merman-positive substances vere found in the gradient elution column 

e1uates. In view of these results, the finding of 11-oxy-17-keto

steroids in the urine of the ovariectomized sow was unexpected. 

It is possible that vith removal of the ovaries, a pituitary inhibi

tor vas removed, with a consequent increase in the release of hormones 

vhich stimulate the adrenals. This might be an increase in ACTH secre

tion or an increase in gonadotrophic hormone production. Under normal 

conditions, the gonadotrophin secretion may not be high enough to 

significant1y affect the adrena1s. 

Androsterone and 11P-hydroxyandrosterone were positively iden

tified in the urine from the pregnant female. There vas good chroma

tographie evidence for the presence of 1~-hydroxyetiocholanolone. 
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The Zimmerman-positive material had the mobility of llP·hydroxyetiocho

lanolone in the toluene : propylene glycol system and after acetylation 

had the mobility of 11~-hydroxyetiocholanolone-3-acetate in the ligroin 

B : methanol : water (10 : 9 : 1) system. The infrared spectrum of the 

acetate contained all the major bands but some of the smaller bands 

in the fingerprint region were not well defined. The presence of 

androsterone suggests that in pregnancy either the placenta or fetus 

is producing 11-desoxy-17-ketosteroid precursors. One should also con

sider the possibility that the adrenals and/or the ovaries are being 

stimulated in a different manner during pregnancy. 

The large increase in the excretion of 11-desoxy-17-ketosteroids 

following the administration of HCG to the normal boar is further 

support for the postulation that the testes are the sites of synthesis 

of the precursors of these steroids. The increases in the urinary 

levels of dehydroisoandrosterone and isoandrosterone during the HCG 

experiment were striking, both being excreted in excess of lOO mg 

per 24 hours during the first four days of the experiment. The lower 

levels found in the 6 to 8 day pool cannat be explained since the 

HCG was still being administered but it is possible that the testes 

could no longer be stimulated to the same degree or that antibodies 

to HCG were being formed. It is interesting to note that the ratio 

of dehydroisoandrosterone to isoandrosterone did not change signifi

cantly during the administration of HCG. Lindner (278) studied the 

effects of HCG on the secretion of androgens by boar testes by measur

ing the steroid levels in the spermatic vein blood. He did not find 



dehydroisoandrosterone, but the levels of testosterone were quite 

significantly elevated. If the testes are secreting dehydroisoandros

terone as indicated by our studies, it is possible that it is secreted 

as the sulphate conjugate and so escaped detection in Lindner•s stu

dies. The urinary excretions of androsterone and etiocholanolone were 

also significantly increased during the administration of BCG. Whe

ther these elevations are due to stimulation of dehydroisoandrosterone 

secretion or of testosterone secretion cannot be determined from 

these studies. If dehydroisoandrosteroue is the main precursor of 

urinary androsterone or etiocholanolone, as is true in humans, then the 

efficiencies of these periP,heral conversions must be low. The urinary 

excretions of these two metabolites is very low in comparison to the 

excretion of dehydroisoandrosterone. It appears that the metabolism 

of the dehydroisoandrosterone and perhaps testosterone favours the 

formation of isoandrosterone which is excreted in large amounts in 

the urine. 

Dehydroisoandrosterone and isoandrosterone were significantly 

decreased by the administration of porcine ACTH. The urinary excre

tion of 17 -hydroxycorticosteroids increased from undetectable levels 

to 58.9 mg per 24 hours in the urine collected during the first 4 

days of ACTH administration (assays performed by the Endocrine Labora

tory, Royal Victoria Hospital). This indicated that the adrenals 

were being stimulated. If the testes are the source of the precursors 

of the urinary 11-desoxy--17-ketosteroids, then it is possible that 

the excessive secretion of adrenal steroids inhibits gonadal steroid 
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synthesis. During ACTH administration the ratio of dehydroisoandroster-

one to isoandrosterone doubled, indicating that the suppression of iso

androsterone formation was greater than that of dehydroisoandrosterone 

formation. 

These experiments indicate that the testes is the source of 

the major fraction of the 11-desoxy-17-ketosteroids excreted by the 

boar. It would also appear that the adrenals and gonads can influence 

one another, possibly through control of pituitary activity. 



~~y AND CONCLUSIONS 

The conversion of l~-hydroxypregnenolone-~-H3 to urinary de

hydroisoandrosterone, androsterone and etiocholanolone was measured in a 

normal male subject and found to be 0.90 per cent. When the circulating 

pool of dehydroisoandrosterone was increased in the same subject by the 

orel ingestion of dehydroisoandrosteron~ the conversion of .17q-hydroxy

pregnenolone to the three urinary 11-desoxy-17--ketosteroids was 0.99 

per cent, thus indicating that the increased pool size had no significant 

affect on the total conversion, altbough tbe individual conversions were 

somewbat altered. These data provide additional evidence to support the 

view tbat metastatic tissue in patients with adrenal carcinoma is respon

sible for the enhanced conversion of 17~-bydroxypregnenolone to tbe 

urinary 11-desoxy-17-ketosteroids. 

The conversions of simultaneously administered l~·bydroxypreg

nenolone-~-H3 and l~-bydroxyprogesterone-4-cl4 to urinary pregnanetriol, 

17~-bydroxypregnanolone and pregnenetriol were measured in a female 

subject with Cushing•s syndrome due to bilateral adrenal hyperplasie. 

These conversions were studied both before and after bilateral adrenalec• 

tomy. The results obtained before and after bilateral adrenalectomy did 

not differ significantly indicating that tbe presence of tbe adrena1s 

or their bigh 1eve1s of secretion did not affect the conversions measured. 

The ratio of H3/c14 in the urinary pregnanetriol was 1/3 to 1/4 of 

the adndnistered H3/cl4 ratio, indicating that the conversion of 1~

hydroxyprogesterone to pregnanetriol was more efficient than that of 

l7~hydroxypregnenolone to the same metabolite. The H3/cl4 ratio in the 
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urinary 1~-hydroxypregnanolone was less than l/20th. of the administered 

ratio. Pregnenetriol was quantitatively the most important metabolite 

of 17~-hydroxypregnenolone. Tbese resulta indicate that 17~-hydroxy

pregnenolone is not always as important a precursor of urinary pregnanetriol 

as was suggested from the studies of otbers on subjects with adrenal 

neoplasme. 

Urines from normal and gonadectomized male and femal.e hogs 

and pregnant females were examdned for their 17-ketosteroids. Dehydro

isoandrosterone, isoandrosterone, androsterone, etiocholanolone, 11-

ketoetiocholanolone, llp-hydroxyandrosterone, l~hydroxyetiocholanolone, 

were isolated from normal boar urine. The three 11-oxy-17-ketosteroids 

were found in the urine of castrated boars and ovariectomi~ed sows. No 

17-ketosteroids were found in the urine from normal sows. Androsterone 

and 1~-hydroxyandrosterone were isolated from the urine of pregnant 

sows. HCG administration resulted in a large increase in the daily 

excretion of the urinary 11-desoxy-17-ketosteroids by the boar. ACTH 

administration led to a decrease in the urinary 11-desoxy-17-ketosteroids 

in the normal boar. Tbese results indicated that in the boar, the 

testes are the source of the ll•desoxy-17-ketosteroid precursors. In 

humans, the principal source of these precursors is the adrenals. 
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CLAI.t-1S TO ORI GINAI. RESEARCH 

1. The total conversion of 17~-hydroxypregnenolone to urinary 

dehydroisoandrosterone, androsterone and etiocho1anolone was not changed 

by increasing. the circulating pool of dehydroisoandrosterone. These data 

provide additional evidence to support the view that metastatic tissue 

in patients with adrenocortical carcinoma is responsib1e for the 

enhanced conversion of 1~-hydroxypregneno1one to the urinary 11-desoxy-

17-ketosteroids. 

2. The conversions of simu1taneous1y administered 17~-hydroxy-

pregneno1one and 17~-bydroxyprogesterone to urinary pregnanetrio1, 17~

hydroxypregnanolone and pregnenetriol were not affected significant1y 

by the presence of the adrenals and their secretions in a subject with 

Cushing•s syndrome due to bilateral adrena1 hyperplasia. The conversion 

of 17~-hydroxyprogesterone to urinary pregnanetriol was 3 to 4 times 

more efficient than the conversion of 17~-hydroxypregnenolone to the 

same metabolite. Pregnenetriol was quantitatively the major metabolite 

of 1~-hydroxypregnenolone. The resulte indicate that l~hydroxy• 

pregnenolone is not always as important a precursor of urinary pregnanetriol 

as was suggested from the studies of others on subjects with adrenal 

neoplasme. 

The male bog bad a urinary 17-ketosteroid pattern qualitative1y 

similar to that of humans. The castrated boar excreted only the 11-oxy-

17-ketosteroids. The normal fema1e hog excreted no 17-ketosteroids, wh11e 

the ovariectomized sow excreted the 11-oxy-17-ketosteroids. The pregnant 

hog was found to excrete androsterone and 11~-hydroxyandrosterone. 
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Administration o! HCG and ACTH resu1ted in an increase and a decrease, 

respectively, in the dai1y urinary excretion of 11-desoXY-17-ketosteroids 

by the normal boar. These results suggest that the testes are the 

source of the precursors of urinary ll•desoxY-17-ketosteroids. In humans 

the principal source of these precursors is the adrenals. 
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