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SUMMARY 
Analysis by gas chromatography-mass spectrometry of the steroid sulphates present in urine and faeces 
from a 3-week-old orang-utan indicated that, as in the human infant, 3/Lhydroxy-5-ene steroids are the 
major urinary steroids. The production of these steroids in the neonatal period is carried out by the foetal 
zone of the adrenal gland which does not disappear in ape and human infants until several weeks after 
birth. 

The major steroids identified in urine were: 3fi,16u-dihydroxy-5-androsten-17-one, 3b,17b-dihydroxy-5- 
androsten-16-one, 5-androstene-3/I,16a,l7fi-triol, 5-androstene-3/?,168,17cc-triol, 3/?,16a-dihydroxy-5- 
pregnen-20-one and 38,21-dihydroxy-5-pregnen-20-one. A pregnenetriol, an androstenetetrol, an andros- 
tenetriolone, tetrahydrocortisone and cortolone were also detected. 

The major steroids identified in the steroid sulphate fraction of faeces were: 3/I-hydroxy-5-androsten-17- 
one (DHA), 3fi-hydroxy-5-pregnen-20-one (pregnenolone), 5-androstene-3~,16a,l7~-triol, 5-androstene- 
3/?,161,17a-triol, 5-pregnene-3fi,16u,2Occ-triol, 5-pregnene-3b,2Oa,2l-triol and 24-hydroxy cholesterol. 

The total amounts of steroid sulphates excreted in urine and faeces were similar. 
The urinary steroids of newborn rhesus monkeys were all “saturated”. no 3/?-hydroxy-5-ene-or 16-hyd- 

roxylated steroids were detected. The following were identified: androsterone, 5b-pregnane-3a. 17~(,2Ou- 
triol, 3a,21-dihydroxy-5/Spregnane-ll,20-dione and tetrahydrocortisone. The lack of 3j%hydroxy-5-e.ne 
steroids from urine is due to the disappearance of the foetal zone prior to birth in this species. 

INTRODUCTION 

Human and chimpanzee infants excrete similar ster- 

oids during early infancy [l-4], and in contrast to 
adults 3/?-hydroxy-5ene steroid sulphates predomi- 

nate. Due to active hepatic and adrenal 16-hydroxy- 
lases present during this period of life the major ster- 
oids excreted have hydroxyl groups at position 16. 
However, the morphology of the adrenal glands of 
human and chimpanzee infants is almost indistinguish- 
able [S], so the similarities of steroid production dur- 
ing this period of life are not unexpected. 

These studies have now been extended to include the 
identification of steroids in urine and faeces specimens 
from orang-utan and rhesus monkey infants. 

MATERIALS AND METHODS 

Non-standard steroid abbreviations 
16-Oxo-androstenediol, 3/3,17/?-dihydroxy-S-andro- 

Steen-16-one; tetrahydro-11-dehydrocorticosterone. 
3q21-dihydroxy-5fi-pregnane-l1,20_dione; cholane- 
diol, 5/?-cholane-3cc,24-diol. 

Reference steroids. The suppliers of the reference 

steroids have been detailed in previous communications 

Cl4 

Steroid extraction 

Orang-utan urine and faeces. Urine specimens from 
a 3-week-old male orang-utan which was being hand- 

reared were collected in plastic bags attached to the 
animal. Faecal specimens were removed from the 
diapers. 

The methods used for the extraction of steroids from 
urine and faeces have been described in detail in pre- 
vious communications [l. 4. 51. Following addition of 

labelled DHA-sulphate, steroids were extracted on a 
column of Amberlite XAD-2 resin. They were 
absorbed by the resin and recovered by elution with 
methanol. The methanol extract was dried and chro- 
matographed on a Sephadex LH-20 column (log) 
using methanol-chloroform (1: 1, made @Ol M with re- 
spect to sodium chloride) as the eluent. Fractions of 
~012.5 ml were collected and a small portion of every 
third fraction was removed for measurement of 
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radioactivity. Labelled DHA-sulphatc was present in 
fractions bctwecn 75 and 100 ml of eluent. Fractions 
bctwccn 60 and 22Oml were pooled and called the 
monosulphate fraction. The column was eluted with 
200 ml methanol to obtain steroid disulphates. 

The lkcal samples were homogenized in chloro- 
form methanol (I : I. v;v) (I 1. After centrifugation the 
solvents wcrc removed in wwo and the residue was 
partitioned between light petroleum (b.p. 6&7O”C) 
and aq~~cous ethanol (3: 7. v;v). The ethanol phase was 
passed through an Amberlyst-15 column in the sodium 
form. taken to dryness and the dried extract chromato- 
graphed on a column of Sephadex LH-20 in similar 
manner to the urine extract. 

The monosulphate and disulphate fractions of urine 
and f&es were hydrolysed by the sulphatases present 
in the digestive juices of the snail Hr1i.u pow&a, and 
fc>llowing extraction by Amberlite XAD-2 the freed 

steroids were purified by chromatography on small 
columns of silicic acid (200 mg). Three fractions were 

collected. 5 ml benzene-ethylacetate (19: 1. v/v), 5 ml 
benrcne ethylacetate (65:35, v/v) and 5ml ethylace- 
tate. Trimethylsilyl ethers and methyloxime trimethylsi- 

141 ethers ticrc prepared from the second and third 
fractions and analysis was by gas chromatography and 
mass spcctrometry. QF-1 and SE-30 stationary phases 
wcrc used for the analyses and retention volumes were 
determined relative to Sa-cholestane ~~~~~~~~~~~~~~~~~~~~~~~ 
A semi-quantitative assay of the steroids in the urine 
and faecal samples has been made by relating the areas 
ofpcaks on the gas chromatogram to cholanediol used 

as internal standard. The recovery of C3H]-DHA from 
[“HI-DHA-sulphate was determined by measuring the 
radioactivity in the second fraction obtained during 
silicic acid chromatograph\. The recovery of DHA 

from DHA sulphate added to urine was 62’>,, and to 
f&Zccs W’,,. 

An LKB 9000 instrument was used for gas chromat- 
ography-mass spectrometry of the samples from the 
orang-utan. with the energy of bombarding electrons 
22.5 cV and the ionizing current 60 /*A. Mass spectra 
wcrt’ recorded on magnetic tape using the incremental 
mode of operation described by HedfjPll rt ~1. [6] and 
the data was processed by an IBM 1802 computer. 

Khc,srrs ~~mke~ urine. Urine was collected from five 
infants on the 1st and 2nd days of life. Total volume 
of 4 ml so obtained was divided into two portions and 
acetate buffer (3 ml) was added and the steroid conju- 

* The abbreviations used for relative retention volumes 
arc those suggested in a IUPAC Information Bulletin “Ap- 
pendiccs on tentative nomenclature, symbols, units and 
standards. Recommendations on nomenclatures for Chro- 
matography” February 1972. As this bulletin was a prelimi- 
nary report t lhchc ahh ‘aviations arc not confirmed 

gates were hydrolysed by Hr/i.\- po~utitr digest& 
enzymes. The freed steroids were extracted by Amber- 
lite XAD-2 and purified on small silicic acid columns 
prepared in benzene. Two fractions were collected: 1. 
5 ml benzene-ethylacetate (19: 1. v.‘v) and2. 5 ml ethyl- 
acetate. The first fraction was discarded and steroid 
analyses were carried out on the second fraction. Tri- 
methylsilyl ethers and methyloxime~trimethylsilyl 
ethers were prepared of the steroids which were then 
analysed by gas chromatography and gas chromat- 

ography-mass spectrometry. The steroid extracts were 
chromatographed on OV-I columns with temperature 
programming (20@27O”C, 1.5 Cimin). Mass spectro- 
metry was carried out by using a Varian gas chromato- 
graph on line to a Varian MAT 73 1 mass spectrometer 
(ionizing voltage. 70eV). 

RESULTS 

Oruny-utun ir$tlt urinurq steroids 

Urinary steroids were considered identified when 

relative retention volumes and mass spectra obtained 
by gas chromatographic-mass spectrometric analysis 
were virtually identical to the appropriate reference 

compounds. 
Previous publications by the author and associates 

have described the identification of steroids in faeces 
[I, 21 and urine from human infants [3] and in urine 
from an infant chimpanzee [4]. Mass spectra of rele- 
vant steroids have been published in these communica- 
tions and since the steroids detected in urine and faeces 
from the baby orang-utan proved to be the same as 

those previously identified, their mass spectra will not 
bc given again. The compounds must also have similar 
retention vol. to reference compounds on the SE-30 
and/or OF-1 stationary phases used for the gas chro- 
matographic separation. These retention vol. relative 

to Sr-cholestane ~~~~~~~~~~~~~~~~~~~~~ are given in Tables 1 
and 2 together with semi-quantitative results. 

It was impossible to collect complete 24 h samples 
of urine and faeces, so excretory levels are reported as 
pg/lOOml or pg/lOOg. The urine sample from the 
orang-utan was collected over a period of 4 h and it 
seems probable that the total urinary volume would be 
between 50 and lOOm1. The faecal sample approxi- 
mates to the total excreted during 24 h. The quantita- 
tive results have been corrected for the recovery of 

13H]-DHA- sulphate. 
Based on a urine excretion of between 50 and 100 ml 

during 24 h and a faecal excretion of log it can be 
deduced that approximately equivalent amounts of 
steroid were excreted in urine and faeces. 

After the investigations on steroid sulphates had 
been completed, a further sample of urine was hydro- 
lysed in an attempt to identify and quantitate metabo- 
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Table 1. Gas chromatographic relative retention volumes (r%_oic, chol_,,lnf ) of silyl ethers of steroids identi- 
tied in urine from an infant orang-utan and results of semi-quantitative estimation 

Conjugate* 
SE-30 225 C 

Ref.t urt 
QF-1 225°C Other 

Ref.? Ur pg/lOO ml4 source@ 

DHA 
5-Androstene-3,$1 ‘la-diol 
16a-Hydroxy DHA 
16/GHydroxy DHA 
16-Oxo-androstenediol 
5-Androstene-3/3,16a,l7fi-triol 
5-Androstene-3P,16fi,17cc-triol 
16~Hydroxypregnenolone 
21-Hydroxypregnenolone 
Androstenetriolone 43311 
Androstenetetrol 1Sn: 

MoS 
DiS 

MoS, DiS 
MoS, DiS 
MoS, DiS 
MoS, DiS 
MoS, DiS 

MoS 
DiS 
MoS 
MoS 

0.48 
0.53 
O-86 
0.95 
0.95 
1.25 
1.05 
1.33 
1.96 

0.48 - - 
0.53 - - 
0.84 1.30 1.34 
0.94 1.51 1.50 
0.94 1.69 1.64 
1.24 0.95 1.02 
1.15 0.79 0.83 
1.30 1.92 1.90 
1.97 2.80 2.75 
1.54 - - 
1.96 - - 

Trace h 
Trace h, c 
265 h, c 

25 h, c 
245 h, c 
700 h, c 
25 h, c 

100 h, c 
80 h, c 
30 h 

Trace h, c 

* Form of conjugation: MO%--monosulphate; DiS-disulphate. 
t Relative retention time of reference steroid; Ur-relative retention time of urinary steroid. 
$ Approximate concentration in urine. 
5 If steroid has been detected in urine from infant human (h) or chimpanzee (c). Shackleton and co-workers [3-53. 
/j Mass spectrum indicates mol. wt. of 536 (trimethylsilyl ether). Base peak at m/e 433. 
7 Mass spectrum indicates mol. wt. of 610 (trimethylsilyl ether). Base peak at m/e 191. Secondary peak at m/e 417. This 

steroid has a slightly longer retention time than a similar steroid isolated from human infant urine [3]. 

lites of cortisol. The method used was identical to that 
used in the identification of steroids in the rhesus 

monkey urine. 
Tetrahydrocortisone and cc-cortolone were identified 

by gas chromatography-mass spectrometry, their con- 
centration in urine being 125 and 6Opg/lOO ml respect- 

ively. 

Rhesus monkey infant urinary steroids The mass-spectrum of the trimethylsilyl ether of 

Due to lack of material it was not possible to make tetrahydro-11-dehydrocorticosterone is illustrated in 

such a detailed analysis of the urinary steroids from the Fig. 1. The molecular ion was at m/e 492 and there is 

rhesus monkey infants. Several steroids were identi- 
fied and several others were detected but it was not 
possible to assign a structure to them. Mass spectra of 
the following steroids were obtained: androsterone. 
pregnanetriol, tetrahydro-11-dehydrocorticosterone 

and tetrahydrocortisone. These steroids are all “satur- 
ated” and no 3/I-hydroxy-5-ene steroids were detected 
in the urine samples. 

Table 2. Gas chromatographic relative retention volumes (r_.+, ~cho,en,ane ) of silyl ethers of steroids identified 
in faeces from an infant orang-utan and results of a semi-quantitative estimation 

Conjugate* 
SE-30 225°C 

Ref.t Faecal pg/lOOgS 
Other 

source6 

DHA MoS 0.48 0.48 225 
5-Androstene-3P,17/I-diol MoS 0.61 0.61 65 
16~Hydroxy DHA DiS 0.86 0.86 35 
168-Hydroxy DHA DiS 0.95 0.95 Trace 
16-Oxo-androstenediol DiS 0.95 0.95 40 
5-Androstene-3/I, 16p,17a-trio1 MoS, DiS 1.15 1.17 360 
5-Androstene-3~,16a,17/I-triol MoS, DiS 1.25 1.25 380 
Pregnenolone MoS 0.70 0.68 1350 
5-Pregnene-3/I.20r-dial MoS 1.20 1.18 125 
16a-Hydroxypregnenolone DiS 1.33 1.32 Trace 
2 I -Hydroxypregnenolone MoS, DiS 1.96 2.04 40 
5-Pregnene-3~,16a,2Ck+triol MoS 1.82 1.89 35 
5-Pregnene-3fi,2&,2l-triol MoS, DiS 2.40 2.46 35 
24-Hydroxycholesterol MoS 5.72 5.80 545 

h 
h 
h 
h 
h 
h 
h 
h 
h 
h 

h 
h 
h 

* t As for Table 1. 
$ Approximate concentration in faeces. 
t; If detected in faeces from human infants. 
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m/e 

Fig. I. Mass spectrum of the silyl ether of tetrahydro-I I-dehydrocorticosterone isolated from rhesus 
monkey neo-natal urine. 

a prominent peak at m/e 402, M-90. The peak at m/r 
299 represents the loss of 103 mass units from m/r 
402-this fragmentation indicating the presence of a 
“primary” trimethylsilyl group. The peak at m/r 348 
(M-144) probably represents the loss of the side-chain 
and carbon 17. Unfortunately due to lack of material 
it was not possible to quantify the steroids excreted by 
these infants but the urinary concentration of the 

major steroids was around 2oO/Lg/lOO ml urine. 

DISCUSSION 

Before discussing the qualitative and quantitative 
excretion of steroids by infant simians it must be 
emphasized that only one infant orang-utan and chim- 
panzee were studied, and the urine collection from the 

infant rhesus monkeys was small and unsatisfactory. 
In no case was it possible to obtain accurate 24 h sam- 

ples of urine. In spite of this several important similari- 
ties and differences were noted between the steroid 
excretion of the infant orang-utan, chimpanzee, rhesus, 
monkeys and human infants. These were particularly 
significant and were unlikely to be due to individual 
variation between animals. 

Although the urinary 3/Ghydroxy-5-ene steroids 
excreted by the orang-utan were identical to those pre- 
viously detected in urine from human infants 131, there 

Orang-utan 

16o-Hydroxy DHA 

16/!l-Hydroxy DHA I 

16-oxo-androstenediol 

were apparent differences in the quantitative relation- 
ships and the overall pattern of excretion was more 
similar to that of a baby chimpanzee previously stud- 
ied [4]. The relative quantitative importance of ster- 
oids excreted by human, chimpanzee and orang-utan 
infants is illustrated in Fig. 2. The most obvious differ- 
ence between the species is the greater importance of 
I6%-hydroxypregnenolone in urine from human in- 
fants than in ape urine where androstenetriols are the 
predominant steroids. However, in human infants 
androstenetriol becomes the dominant 3fl-hydroxy-5- 
ene steroid after the 1st month of life [7], which may 
indicate that the orang-utan and chimpanzee infants 
mature slightly earlier than human infants. 

The similarities in steroid excretion between human 
and orang-utan infants are not restricted to urine since 

the present study has shown that steroid sulphate 
excretion in the faeces is important in the early life of 

the orang-utans. As in urine. 16r-hydroxypregneno- 
lone is a minor metabolite whereas in human infant 
faeces it is the predominant steroid. Pregnenolone 
dominates the 3b-hydroxy-5-ene steroid fraction in in- 
fant orang-utans. The relative quantitative importance 
of the steroids present in infant humans and orang- 
utan faeces is illustrated in Fig. 3. 

It has been reported previously [Z] that approxi- 
mately equivalent amounts of steroid are excreted in 

Chimpanzee Human 

- - 

: 

5-Androstene-3P,lGa, 17B-trlol !_ m, m 

16a-Hydroxypregnenolone n 
21-Hydroxypregnenolone I n I 

Fig.2. Therelativeimportanceofsteroidsinurine from human infants, (results were compiled from the mean 
excretion of these steroids by eight infants 14-30 days old 1151) and an infant orang-utan and 

chimpanzee [4]. 
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orcng-uton Human 

DHA w 

16o-Hydroxy DHA I b 

IGB-Hydroxy DHA 

16-oxo-Androstenediol 
5-Androstene-3~,16a,l7~ 

I 

I 

trio1 

T;;;drostene- 3/3,16& 17a- m 

Pregnenolone -: 

5-Pregnene-3P,20o-diol 1 m 

Ibo-Hydroxy pregnenolone ( 
~r;;regnene-3/$160,20a- 1 

Tr;;regnene-3/3,20a, 2l- 1 
: 

5+&9gnene-38,170 ,ZOa I 

24-Hydroxy cholesterol - I 

Fig. 3. The relative importance (quantitative importance of 
individual steroids relative to the predominant steroid) 
ofsteroidsinfaecesfromhumaninfants(datafrom Gustafsson 
et al. [l]: the results were compiled from the mean faecal 

excretion of these steroids by five infants 1428 days old. 

the urine and faeces of human infants during early in- 
fancy. The quantitative results reported here suggest 
that this is also true for the orang-utan infant studied. 

The 3fl-hydroxy-5-ene steroids present in urine and 
faeces from human infants originate in the adrenal 
glands although some steps of the biosynthesis (e.g. 
16z-hydroxylation) also take place in the liver. This 
has been demonstrated by Easterling and co-workers 
[S] who showed that the level of 16sc-hydroxy-DHA in 

the blood plasma of anencephalic foetuses was ex- 
tremely low. In addition, Eneroth et al. [9] could not 
detect any 3[1-hydroxy-5-ene steroids in urine from an 
anencephalic infant. Although the production of 16c(- 
hydroxy DHA in anencephaly is extremely low the 
hepatic 16cc-hydroxylase activity is high [lo] suggest- 
ing the lack of suitable precursors. 

The 3/?-hydroxy-5-ene steroids must be synthesized 
by the foetal zone of the adrenal cortex since only this 
zone is absent in anencephaly. Adrenal glands of 
human and chimpanzee newborns are almost indis- 
tinguishable morphologically, both containing the 
large foetal zone distinct from the cortex [S]. It is 
therefore not surprising that chimpanzee and human 
infants excrete similar 3/&hydroxy-5-ene steroids dur- 
ing the peri-natal period. Other great apes, e.g. the 
orang-utan may also be expected to have a similar 
adrenal gland at birth and to excrete similar steroids. 

The lack of 3b-hydroxy-5-ene steroids in urine from 
Rhesus monkey infants agrees well with the develop- 

*The term 3b-hydroxysteroid dehydrogenase as used here 
relates to 3fl-hydroxysteroid oxido-reductase (EC 1.1.1.51) 
and to steroid AG5 isomerases. There is evidence that there 
are several varieties of 3fl-hydroxysteroid dehydrogenase 
catalysing the oxidation of different 3b-hydroxy-5-ene ster- 
oid substrates. 
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ment of the adrenal glands during gestation. Lanman 

[S] has studied the adrenal gland morphology of foetal 
rhesus monkeys and has found that the foetal zone 

disappears long before birth in this species. This is ref- 
lected in the steroid excretion of those infants since no 
3b-hydroxy-5-ene steroids were detected. However, in 
similar fashion to man, the steroid excretion of the in- 
fant rhesus monkey is different to the adult. In the 
adult, the major steroids excreted are 11-oxygenated 
androstanes and C-19 steroids represent almost all the 
steroidal compounds excreted [ 1 l]. In the infant, how- 
ever, more C-21 steroids were found and I I-oxy- 
genated androstanes were not identified. 

Heinrichs and Colas [12] could detect only a very 
low activity of adrenal lhcc-hydroxylase in glands from 
foetal and newborn rhesus monkeys, and this is ref- 
lected in the absence of 16-hydroxylated steroids from 
the urine of the infants. 

Why the foetal gland of higher primates is so large 
and why it should produce such large amounts of 3/$ 
hydroxy-5-ene steroids is still an open question. There 
is unlikely to be a “deficiency” of 3fi-hydroxy steroid 
dehydrogenase* [lo] in the foetal adrenal since the in 
vitro studies have shown this enzyme to be present. 

Bloch suggests that the placenta supplies inhibitors of 

3fl-hydroxysteroid dehydrogenase (e.g. progesterone) 
which prevent 3-oxo-4-ene steroid formation in uiuo. 

It is also possible that due to the high activity of sul- 
phokinase in the foetal adrenal gland [ 1 l] all 3/&hyd- 
roxy-5-ene steroids are sulphurylated rendering them 
unsuitable substrates for 3fi-hydroxysteroid dehydro- 
genase [lo]. The foetal adrenal hypertrophy seen dur- 
ing primate gestation may therefore be a response to 
excess adrenocorticotrophin stimulation following in- 
hibition of cortisol synthesis. 

The results of this investigation have shown how 
useful apes would be in the study of peri-natal steroid 
metabolism. It is unlikely that macaque monkeys will 
have widespread use for this type of research as their 
steroid formation and excretion is so different from 
man and the great apes. 

AcknoM?lrd~ernents-The author wishes to thank the Bristol, 
Clifton and West of England Zoological Society. Mr. G. R. 
Greed (curator of animals) and Mr. M. Colebourne (senior 
keeper of anthropoids), without whose co-operation this 
study would not have been possible. 

Thanks are also due to Mrs. Ashworth of the Royal Col- 
lege of Surgeons Research Establishment, Downe. Kent 
who managed to obtain urine from infant rhesus monkeys. 

Some of the mass-spectrometric analyses were carried out 
in the Chemistry Department, Karolinska Institutet, Stock- 
holm, Sweden. The author wishes to acknowledge the help 
and encouragement of Professor J. Sjovall and Docent J.-A. 
Gustafsson. These mass-spectrometric analyses were carried 
out with the financial support of the Swedish Medical 
Research Council. 



I IX c‘. H. L. SHACKLI TOY 

I. 

2. 

3. 

4. 

5. 
6. 

7. 

X. 

REFERENCES 

Gustafsson J.-A.. Shackleton C. H. L. and SjBvall J.: Ew 
J. Biochcm. 10(1969~302-311. 
Gustafsson J.-A.. Shacklcton C’. H. L. and Sjlivall J.: 
-Icro <,~r/~w. Co/w&. 65 ( 1970) 18-28. 
Shackleton C’. H. L. Gustafsson J.-A. and SjBvall J.: 
St?roids 17 ( 197 I ) 265-280. 
Shackleton C. H. L. and Gustafsson J.-A.: Stwoids 18 
(1971) 175 186. 
Lanman J. T.: Endocrinology 61 (19571 684-691. 
HedljIll B.. Jansson P.-A.. MSrde Y.. Ryhage R. and 
Wikstriim S.: J. sc’ir~f. I,wtrwn. 2 (1959) 1031 1035. 
Shackleton c‘. H. L.. Gustafsson J.-A. and Mitchell F. 
L.: ./lcrrr <,,ti/ow. (‘o/wnk. 74 (19731 157 167. 
Easterling N. E. Jr.. Simmer H. H.. Dignam W. J.. 
Frankland M. V. and Naftolin F.: Srcroids 8 (1966) 157 
17x. 

9. Eneroth P.. Fcrngren H.. Gustafsson J.-A.. Ivemark B. 
il nd stcntwg n. 4<,tir c,1rlwr.. c‘o/‘~wl?. 70 ( 1972) 1 13~ I3 I. 

IO. Heinrichs W 1. and C’olas A. F.: Gc,r~. cowp. En&w. 14 
( 1970) I59p 163. 

I I. Manson M. t. and Shackleton c‘. H. L.: Unpublished 
data. 

12. Heinrichs W. L.. Feder H. H. and ColBs A. E.: Srwoids 
7 (19661 91-98. 

13. Bloch E.: In Functions of t/w Adrr,lol Corfex Vol. II. 
(Edited by K. W. McKcrns). North Holland Publishing 
Co.. Amsterdam (1968) 711 772. 

14. Wenglc B.: Acrcl cr~tlo~. (‘~J/~,I/I. 52 (1966) 607 61X. 
15. Shackleton C‘. H. L.: Steroid Metabolism w U~UO and 

in the Neonatal Period. PhD. thesis, I[niversity of Edin- 
burgh (1969). 


