
Arch. Dis. Childh., 1965, 40, 251.

3$: 21-DIHYDROXYPREGN-5-ENE-20-ONE IN URINE OF
NORMAL NEWBORN INFANTS AND IN THIRD DAY

URINE OF CHILD WITH DEFICIENCY OF
3$-HYDROXYSTEROID-DEHYDROGENASE*

BY

D. M. CATHRO, KATHLEEN BIRCHALL, F. L. MITCHELL, and CONSTANCE C. FORSYTH
From the Department of Child Health, University of St. Andrews and the Clinical Investigation Unit,

Maryfield Hospital, Dundee

(RECEIVED FOR PUBLICATION OCTOBER 1, 1964)

The unusual patterns of excretion of steroids of
adrenal or placental origin occurring in the urine of
normal newborn infants have been the subject of
previous reports (Birchall, Cathro, Forsyth, and
Mitchell, 1961; Cathro, Birchall, Mitchell, and
Forsyth, 1963) and have been interpreted as provid-
ing evidence that the metabolism of adrenal steroids
in early infancy is unique. The presence of atypical
urinary neutral steroids is characteristic of the first
week of life and one of these has been provisionally
identified as the J15-compound 3r: 21-dihydroxy-
pregn-5-ene-20-one (Cathro et al., 1963).

Further study of the isolated material (Birchall and
Mitchell, to be published) has supported the original
provisional identification of the compound as 33:
21-dihydroxypregn-5-ene-20-one (21-hydroxypreg-
nenolone), and the occurrence of this steroid in the
urine ofnewborn infants is ofconsiderable theoretical
importance, since it suggests that in early infancy
adrenal steroids may be synthesized by pathways
that are unimportant in the adult.
Although 21-hydroxypregnenolone has not been

found to be one of the dominant reducing steroids in
the urine of newborn infants, it has been shown to be
consistently present and to be easily measurable
during the first week of life (Cathro et al., 1963).
This is in marked contrast to what is found with
adult males, in whom urinary excretion of 21-
hydroxypregnenolone as the 3: 21-disulphate occurs
in such small quantities that the average value
obtained following corticotrophin stimulation is only
70 ,Lg./litre (Pasqualini, 1962; Pasqualini and Jayle,
1962). This low excretion of the steroid by adults is

* Communications on this subject have been presented at the Second
and Third meetings ofthe PaediatricEndocrinology Club at Groningen,
Holland, in May 1963, and at Hamburg, West Germany, in April 1964.

not unexpected, since 21-hydroxypregnenolone is
not an intermediary compound in the accepted major
pathways for corticosteroid biosynthesis outlined in
bold print in Fig. 1.
Examination of the patterns of excretion of neutral

steroids in the urine of mothers has shown that a
steroid with the properties of 21-hydroxypregneno-
lone, though usually measurable, has not been
prominent in pregnancy urine (Cathro et al., 1963),
and this is in agreement with the results of Pasqualini
and Jayle (1962), though the average maternal
excretion value established in this laboratory at 150
,g./24 hr., corrected for losses incurred during
estimation, is somewhat above the level calculable
from the data of the Paris workers. The slight
difference is possibly due to the fact that the urine
specimens analysed in this laboratory were collected
during the 24 hours following delivery and may have
reflected a temporary increase in adrenal activity.

This output of 21-hydroxypregnenolone by
mothers is, nevertheless, small, and it has been the
purpose of the present study to examine the excretion
levels of this compound in a number of newborn
infants, both normal controls and infants undergoing
some form of physical stress during the first week of
life, in an attempt to elucidate the clinical significance
of the excretion of this z5-steroid in infancy urine.
21-hydroxypregnenolone and other neutral steroids
have also been measured in the third day urine of a
cryptorchid male infant with the type of salt-losing
adrenogenital syndrome shown by Bongiovanni
(1961) to be due to deficiency of the enzyme 3p-
hydroxysteroid-dehydrogenase (3 l-ol-dehydrogen-
ase), and the results have contributed valuable
circumstantial evidence towards the substantiation of
a hypothesis which can explain the appreciable
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FIG. 1.-Biosynthesis of steroids in the adrenal glands.

excretion of J5-steroids by endocrinologically normal term and from premature male infants on days 1, 2, 3, and
newborn infants. 6. One normal infant, born at term, has been studied at

intervals up to the age of 3 weeks.
Urine has also been collected on days 1, 2, 3, and 6 from

Materials and Method infants born to women with diabetes mellitus and from
Assays have been carried out only on 24-hour urine infants born to women with pre-diabetes. Mothers have

specimens considered to be complete, obtained from full- been classified as 'diabetic' if they have required treatment
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21-HYDROXYPREGNENOLONE EXCRETION
with insulin or drugs following the puerperal period and
as 'pre-diabetic' if drugs or insulin have been unnecessary
following the birth of the baby as a result of improved
carbohydrate tolerance.
We are indebted to Dr. W. Hamilton for the provision

for analysis of a sample of urine obtained on the 3rd day
of life from a patient diagnosed as a case of 3fl-ol-
dehydrogenase deficiency, and for permission to publish
clinical and biochemical data pertaining to this patient.
This infant, at birth, somewhat resembled a virilized
female, being cryptorchid with scroto-labial folds, but the
nuclear sex was male. The urethra opened at the tip of a
small, hooded phallus. Urinary pregnanetriol excretion
was not abnormal during the first three days of life nor
were the plasma electrolytes at this stage. Total 17-
oxosteroids were 4-3 mg./24 hr. on day 7 (Medical
Research Council Committee on Clinical Endocrinology,
1951) in association with values of 5 2 mg./24 hr. for
17-hydroxycorticosteroids (Appleby, Gibson, Norymber-
ski, and Stubbs, 1955) and 2 1 mg./24 hr. for 21-
deoxyketols (Appleby and Norymberski, 1955). By the
9th day there were clinical and biochemical indications of
incipient adrenal failure and satisfactory control was
achieved by administration of salt, cortisone, and
deoxycorticosterone acetate, both steroids being required
in very high dosage. The history of salt-losing tendencies
and other frank signs of hypoadrenalism in a male child
with incomplete masculine development is similar to those
recorded in published cases of 33-ol-dehydrogenase
deficiency in male infants (Bongiovanni and Eberlein,
1961; Bongiovanni, 1962; Bongiovanni and Clark, 1962;
Bongiovanni and Root, 1963).

In all cases, following preliminary purification of the
urinary extracts, the free steroids and those released by a
two-stage enzyme hydrolysis have been chromatographed
and subjected to staining techniques that have permitted
their direct measurement on paper chromatograms
(Birchall, Cathro, Forsyth, and Mitchell, 1963). Correc-
tions for losses of steroid during the estimations have been
applied on the basis of the recovery values for 4-14C
steroids added to the urine samples at the outset.
Quantitation of 21-hydroxypregnenolone has been based
on comparison of the colour developed by this steroid
from urinary extracts with the colour developed by
standard deoxycorticosterone following staining with blue
tetrazolium. This practice has been unavoidable because
of the difficulty in obtaining pure 21-hydroxypregnenolone
from commercial sources. However, it is not likely to
have given rise to significant error since the chromogeni-
city of pure 21-hydroxypregnenolone has been shown, on
average, to be 86% of that of an equivalent quantity of
deoxycorticosterone when both compounds have been
stained with blue tetrazolium on paper under the same
conditions. Similar values, ranging from 80-85%
(average 82 8%) for the chromogenicity of 21-hydroxy-
pregnenolone relative to deoxycorticosterone, have
been obtained when the two steroids have been assayed in
solution using a micro-modification of the reaction of
Chen, Wheeler, and Tewell (1953). The values for
21-hydroxypregnenolone represented in the diagrams are
therefore marginally low.

Results
Measurement of 21-hydroxypregnenolone in 18

complete 24-hour urine specimens obtained on days
1, 2, or 3 from 10 normal infants born at term has
given a range of values from 11 -6 to 146 ,ig./24 hr.
with an average value of46* 1 ag. The average output
from 5 normal infants on day 6 has been found to be
above this at 63 * 3 ,ug./24 hr. (range 14 * 4 to 129 * 5 jig.).
The output of 21-hydroxypregnenolone has also

been studied in premature infants-prematurity
having been arbitrarily defined on the basis of a birth
weight of 2 5 kg. or less. Measurement of 21-
hydroxypregnenolone in 12 complete 24-hour urine
samples obtained on days 1, 2, or 3 from 6 premature
infants in good clinical condition has given an
average excretion value of 21 5 ,ug./24 hr. (range 4 3
to 57 6 pg.) for these days, while the 6th day levels
from 5 of these infants have given an average value of
36 2 pg./24 hr. (range 3 0to 69 8 [g.).

Infants who have endured undue stress during the
neonatal period have also been studied. Most of
these infants suffered moderate or severe asphyxia at
the time of birth, while 3 were submitted to exchange
transfusion on account of Rhesus incompatibility.
The results show a wide scatter, and the average
output of 21-hydroxypregnenolone at 59 3 F±g./24 hr.
(range 11 1 to 131 * 5 jig.) in 13 urine samples
obtained during the first 3 days of life from 7 full-
term infants in the stressed category cannot, there-
fore, be considered significantly higher than that of
the normal infants.

Calculation of the daily steroid excretion of
individual infants on a basis of body weight has
allowed comparison of results from infants of widely
differing birth weights, and the results are presented
in Figs. 2 and 3. The values for days 1, 2, and 3
have been averaged in each case, and the symbol
indicative of the output on day 6 has been joined to
the symbol registering the average steroid output of
the same infant during the first three days.
By the 6th day, the levels of 21-hydroxypregneno-

lone seem more often to have remained unchanged or
to have risen than to have fallen, but all 3 trends have
been observed. Of the two highest day 6 values
measured in full-term infants (Fig. 2), one was
obtained from a child who was severely asphyxiated
at birth following a prolonged labour and a forceps
delivery, and whose feeding and general vigour were
not quite optimum even by the sixth day; the other
high value was given by an infant who had an
exchange transfusion at 4 hours.
The results from infants oflow birth weight (Fig. 3)

show that though there is a wide scatter, there has
been a tendency for stressed infants to excrete more
21-hydroxypregnenolone during the first days of life
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FIG. 5.-Urinary excretion of 21-OH-pregnenolone by infants of

diabetic and pre-diabetic mothers.

than infants whose clinical condition has been the urine of two diabetic mothers and in that of one

entirely satisfactory. pre-diabetic mother, the excretion of 21-hydroxy-

The relatively high excretion of 21-hydroxypreg- pregnenolone was no higher than that in the urine of

nenolone by infants born to diabetic mothers is normal mothers. The output of 21-hydroxypreg-

shown in Fig. 4. The prematurity of these infants nenolone on day 6 in the infants of diabetic and pre-

(average gestational age between 36 and 37 weeks) diabetic mothers is compared with the average

may in part have contributed to the high values, but output of this steroid during the first three days of

the suggestion of increased adrenal activity in this life in Fig. 5.

group cannot be ignored. It is noteworthy that in The Table compares the excretion of neutral
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21-HYDROXYPREGNENOLONE EXCRETION
TABLE

EXCRETION OF INDIVIDUAL STEROIDS ON DAY 3 BY NORMAL INFANTS AND BY AN INFANT WITH
DEFICIENCY OF 3,3-OL-DEHYDROGENASE (,ug./kg. 24 hr.)

Clinical Category 21-OH-pregnenolone DHA* U BT Reducing Steroids
THF to F

3,-ol-dehydrogenase deficiency 132 30 3 133 885
Full-term 11 -8 av. (5) t 2 (7) 6-5 (7) 131 (11)
normal infants .. . range 8-7-15- 1 range 0-4 range 1-10-2 range 46-322

Full-term stressed 16-2 av. (4) 2-6 (9) 11 9 (7) 295 (9)
infants .. . range 1-24 range 1-6 - 7 range 7 - 3-17 * 9 range 103-879

Full-term infants 13-7 (9) 2-3 (16) 9 (15) 205 (20)
normal and stressed range 8-7-24 range 0-6-7 range 1-17-9 range 46-879

Premature infants 25 9 (6) 3-8 (6) 10 (15) 246 (10)
normal and stressed range 2-74 range 1-4-7-7 range 4-9-21 range 57-549

Infants of diabetic 26-4 (6) 3-3 (8) 9-5 (7) 360 (7)
mothers .. . range 4- 7-54 6 range 0-5-9 - 5 range 1 * 8-19 * 2 range 188-866

Infants of pre-diabetic 7-3 (2) 1 95 (3) 4i 14 (2) 102 (3)
mothers .range 1 -8-12-8 range 0-5-2 - 8 range I 8-6 - 6 iange 92-112

*DHA = dehydroepiandrosterone.
t The numbers of urine specimens analysed are given in parentheses.
U = a Zimmermann-reacting compound with the RF value of 0- 19 in the system LB 21/80.
BT = blue tetrazolium.
THF = tetrahydrocortisol-3a: 11,3: 17a: 21-tetrahydroxy-5,l-pregnan-20-one, RF value 0-067 in the system T/75.
F = cortisol -11l: 17a: 21-trihydroxypregn-4-ene-3: 20-dione, RF value 0- 156 in the system T/75.

steroids in the 3rd day urine of normal infants and
that of the male child diagnosed as a case of 3r-ol-
dehydrogenase deficiency. In addition to values for
21-hydroxypregnenolone and for dehydroepiandro-
sterone (DHA)-known z5-steroids-values are
included for an unknown Zimmermann-reacting
compound (U), prominent in first-week urine, with a
mobility similar to that of ll-hydroxyandrost-4-
ene-3: 17-dione in the Bush system LB 21/80.
Values are also included for the complex of blue
tetrazolium-reducing steroids with mobilities ranging
from that of tetrahydrocortisol (0 -067) to that of
cortisol (0 - 156) in the Bush system T/75.

Discussion
The biosynthetic pathways by which the major

secretory products of the adrenal cortex are formed
from cholesterol are now well known (Pincus, 1962).
Cholesterol is initially degraded by side-chain
scission to pregnenolone, most of which is then
converted to progesterone, the corticosteroids, and
the androgens (Fig. 1). Two possible pathways for
adrenal androgen biosynthesis have been known for
some years: one via pregnenolone, progesterone,
17m-hydroxyprogesterone, and androst-4-ene-3: 17-
dione: the other via pregnenolone, 170c-hydroxypreg-
nenolone, DHA, and androstenedione, by-passing
17ot-hydroxyprogesterone (Neher and Wettstein,
1960; Dorfman, 1962; Pincus, 1962). However, it
is only recently that the possibility of corticosteroid
biosynthesis by means of secondary pathways from
pregnenolone directly to 17oc-hydroxypregnenolone
or to 21-hydroxypregnenolone, by-passing proges-
terone, has been described (Berliner, Cazes, and
Nabors, 1962; Berliner, Cazes, Nabors, and
Dougherty, 1962; Mulrow, Cohn, Kuljian, and

Ganong, 1962). The secondary pathway leading to
corticosterone formation via 21-hydroxypregneno-
lone is illustrated in Fig. 1, which shows that in this
alternative route for corticosteroid formation, the
enzyme system 3p-ol-dehydrogenase takes part at a
late stage, whereas in the major route, this enzyme
acts prior to the sequence of 17oc-, 21-, and 11-
hydroxylations.
The conclusions of Berliner and his colleagues

were based on experiments with bovine adrenals, but
the discovery of 21-hydroxypregnenolone in small
quantities in human urine by the Paris workers
(Pasqualini, 1962; Pasqualini and Jayle, 1962)
signifies that this subsidiary pathway in which
21-hydroxylase acts directly upon pregnenolone also
exists in man. It appears, however, to be of such
slight importance in adult life that the occurrence of
21-hydroxylated steroids with the 3p-hydroxy
formation in human urine had not been described
until as recently as 1961, when Bongiovanni drew
attention to the existence of an unidentified, highly
polar, non-ketonic steroid, yielding formaldehyde on
periodate oxidation, in the urine of an infant with
congenital adrenal hyperplasia due to deficiency of
3p-ol-dehydrogenase.
The present study has shown that though 21-

hydroxypregnenolone is not a major excretory
product in the urine of normal newborn infants, it is
nevertheless present in significant amounts. The
higher average output of the compound on the 6th
day than during the first 3 days of life in infants born
at term, and the persistence of the compound in the
urine of the one normal infant studied up to the age
of 3 weeks, suggests that this steroid is synthesized by
infants and that it is not entirely a vestigial product
ofsome foetal or placental system for the biosynthesis
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CATHRO, BIRCHALL, MITCHELL, AND FORSYTH

or katabolism of steroids which has served its
purpose by the time of birth. Two possible
explanations exist for the excretion of this steroid in
the urine of newborn infants. The first is that there
may be increased utilization by the newborn infant of
the biosynthetic pathway to corticosterone via 21-
hydroxypregnenolone, with resultant overspill of
some of the intermediary steroid into the urine.
This hypothesis is in agreement with the relatively
higher output of corticosterone and its metabolites
than of cortisol and its metabolites demonstrable in
infancy urine (Birchall et al., 1961; Cathro et al.,
1963; Exley and Norymberski, 1963). Supportive
evidence for increased use of the pathway via
21-hydroxypregnenolone during disproportionate
corticosterone secretion by the adrenal gland has
been given in the present study by analysis of
pregnancy urine. Although the 21-hydroxypreg-
nenolone output is insignificant in the urine of non-
pregnant women, it is small, but easily measurable,
during late pregnancy, and Norymberski (1961) has
demonstrated that corticosterone secretion is likely
to be increased out of proportion to the usual ratio
with cortisol at this time when the urinary excretion
of 17-deoxycorticosteroids (Exley, Ingall, Norymber-
ski, and Woods, 1961) is rather high.

In pregnancy, both the foetal and the maternal
circulations are supplied with large amounts of
progesterone synthesized in the placenta (Woolever,
Goldfien, and Page, 1961) and, by analogy with the
kinetics of other enzyme systems that have been
studied, excessive production of progesterone by
another organ may inhibit the pregnenolone -*

progesterone stage in the adrenal glands of both
foetus and mother, and result in an increased use of
the secondary pathways via 21-hydroxypregnenolone
or 17a-hydroxypregnenolone.

(If the pathway of cortisol synthesis via 17m-
hydroxypregnenolone is of some importance in the
non-pregnant woman (Mulrow et al., 1962), increas-
ed use of it during pregnancy could give rise to an
appreciable excretion of pregnenolone derivatives
hydroxylated at C-17 and, possibly, elsewhere in the
molecule. If pregnenolones hydroxylated at C-17
are more prominent than pregnenolones hydroxylat-
ed at C-21 in pregnancy urine, an explanation is
suggested for the hitherto unexplained rise in the
excretion of 21-deoxyketols during pregnancy
(Appleby and Norymberski, 1957; Schiiller, 1957).
Likewise, increased excretion of any of the possible
45-pregnenes which may arise by direct hydroxyla-
tion of pregnenolone could account for the known
rise in urinary Pettenkofer chromogens during
pregnancy (Natoli, Nicolosi, and Magliocca, 1957).
The possibility of a foetal contribution to the J5-

steroids excreted by pregnant women must, however,
be considered.)

In the case of the infant, following delivery, some
rate-limiting factor in the pregnenolone --- pro-
gesterone conversion could provide a second explana-
tion for formation of 21-hydroxypregnenolone and
the formation of the very considerable amounts of
16a-hydroxypregnenolone excreted in the urine of
normal newborn infants (Reynolds, 1963b, 1964).
A specific factor that would explain the presence of
33-hydroxylated A5-pregnenes in infancy urine
would be a slight or relative deficiency of the enzyme
33-ol-dehydrogenase in the adrenal glands of the
foetus, and the normal newborn infant, and this
concept is supported by the results from incubation
studies on foetal adrenal glands using pregnenolone
as the substrate (Longchampt and Axelrod, 1963).
Reynolds (1963a, b) believes that his results from the
analysis of infancy urine also support this hypothesis.
Enzyme studies on foetal adrenal glands have given
evidence for the sequential appearance ofthe enzymes
for 17ao-hydroxylation, 21-hydroxylation, and 113-
hydroxylation of steroids at a stage when 3r-
hydroxysteroid dehydrogenase activity has appeared
to be lacking (Villee, 1963) and the large amount of
progesterone synthesized by the placenta has again
been under consideration as a possible inhibitory
factor to the development of the latter system, or
systems, in the foetus, since the possibility of
different 33-hydroxysteroid dehydrogenases for
specific substrates has been raised (Weliky and
Engel, 1963; Baillie and Griffiths, 1964).

Experiments carried out by Bloch and Benirschke
(1962) who incubated slices of foetal zone and slices
representative of both zones of foetal adrenal glands
with acetate have suggested that 3 3-ol-dehydrogenase
activity is limited in both zones of adrenal tissue, at
least before mid-gestation. Relatively slow develop-
ment of the 3,-ol-dehydrogenase enzyme system has
also been demonstrated in another foetal endocrine
gland-the testis-by Acevedo, Axelrod, Ishikawa,
and Takaki (1963) who have found that when
tritiated 3p-hydroxypregn-5-ene-20-one has been
used as the substrate in their incubations, relative
deficiency of 3f-ol-dehydrogenase has been the
major rate-limiting factor for the biosynthesis of
androstenedione and, therefore, of testosterone.
The discovery of severe and persistent deficiency of

this enzyme 3 3-ol-dehydrogenase as a cause of a rare
variant of the adrenogenital syndrome (Bongiovanni,
1961; Bongiovanni and Clark, 1962) has aroused
considerable interest amongst paediatricians and has
drawn attention to the advisability of studying the
excretory pattern of 3p-hydroxy-A5-steroids in all
patients in whom a diagnosis of any one of the
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21-HYDROXYPREGNENOLONE EXCRETION

variant forms of congenital adrenal hyperplasia is
suspected (Jacobsohn, 1962). The availability of
third-day urine from a child with this syndrome has
provided the opportunity for comparison of the
excretion of A5-steroids in the syndrome with the
excretion levels of these steroids in normal infants
and has provided further circumstantial evidence for
the validity of the hypothesis of a relative deficiency
of 33-ol-dehydrogenase in all normal newborn
infants. Diagnosis of this disorder by means of
biochemical findings alone on the third day of life is
not easy, and merely qualitative assays seem to be of
little value, since the urinary steroid patterns from
this child with 33-ol-dehydrogenase deficiency have
been found to resemble the complicated patterns of
the normal newborn infant so closely that clinical
evidence has been an equally valuable guide to the
diagnosis. On theoretical grounds, all infants with
the syndrome should produce excessive quantities of
21-hydroxypregnenolone, a steroid which, by virtue
of its blue tetrazolium-reducing properties, is easily
measurable on paper chromatograms.
The 21-hydroxypregnenolone excretion in the

patient described in this report has been considered
to be diagnostic as early as day 3. The Table shows
that when the results have been expressed in ,ug./kg.
body weight/24 hr. the patient has shown an excre-
tion of 132 ,ug. against a normal value of 13-7 Vg.
(range 8 7-24 ,ug.)

In all published cases of the syndrome of 3P-ol-
dehydrogenase deficiency, DHA excretion has been
extremely high and diagnostic. Bongiovanni (1961)
gave an excretion value of 3-1 mg./24 hr. in an
affected infant at the age of 2 weeks but did not
report the DHA excretion in a case in which the
diagnosis was made at 7 days. Further information
on the excretion ofDHA during the early days of life
in infants with this syndrome would be advantageous
to the endocrinologist faced with making a decision
on the optimum time for establishing the diagnosis of
the disease bymeans ofurinary steroid analysis, since,
if a slight or relative deficiency of the enzyme is
postulated in the healthy normal infant, some
explanation must exist for the minimal excretion of
DHA in the urine of endocrinologically normal
infants during the first week of life (Birchall et al.,
1961; Cathro et al., 1963). It is noteworthy that
DHA has been reported to occur in large amounts in
meconium (Francis, Shen, and Kinsella, 1960) and to
attain higher levels in cord blood than in maternal
blood (Migeon, Keller, and Holmstrom, 1955; Colas,
Heinrichs, and Tatum, 1964), so that the small
amounts found in the urine in the first week of life in
the normal child can only be explained by a major
excretion of DHA in the form of hydroxylated

metabolites such as 16oc-hydroxy-DHA (Reynolds,
1964). In this context it is also relevant to quote
that Colas et al. (1964) have recently shown that
16a-hydroxy-DHA attains levels in foetal blood
much higher than those of DHA itself. It has,
therefore, been of importance to know whether such
hydroxylation or other polyhydroxylation mechan-
isms in a child with severe enzyme deficiency of
3f-ol-dehydrogenase can mask the excessive DHA
production and excretion and, therefore, the
diagnosis, during the first days of life. Analysis of
urine obtained from the infant reported suggests
that hydroxylation of DHA and many of the other
peculiarities of steroid metabolism characteristic of
normal newborn infants also apply to infants with
the syndrome. Nevertheless, estimation of individ-
ual compounds, in particular, DHA, 21-hydroxy-
pregnenolone, and other D5-steroids can be used to
establish the diagnosis with certainty even on the
third day of life, if careful comparison on a quantita-
tive basis is made with the results from normal
controls.
The DHA excretion at 3 days in the patient

studied was 101 ,ug./24 hr. in contrast to the milli-
gramme amounts found by Bongiovanni (1961) at 2
weeks in another patient. The day 3 excretion value
for DHA in 20 full-term normal infants has been
found to average 7 - 9 ,ug./24 hr. (range 0 to 21 .3 tg.),
and thus though DHA excretion in the patient was
much less than that reported in other patients with
the disorder, it was still five times greater than the
highest value in the normal range.
The high excretion of the compound designated U

in the Table in the infant with 33-ol-dehydrogenase
deficiency is of interest, since it contributes circum-
stantial evidence towards this normal constituent of
first-week urine having a z5-structure. Information
on this compound which is of medium polarity and
which gives a greyish-purple Zimmermann colour has
already been published (Cathro et al., 1963). It has
an ultraviolet absorption maximum at 232 m[L, gives
a positive Pettenkofer reaction, and is likely to be a
z15-steroid with a hydroxyl group at carbon atom 3.

It has been shown that the pattern of the more
polar blue tetrazolium-reducing steroids excreted by
newborn infants is extremely complicated (Cathro
et al., 1963) and that tetrahydrocortisol and tetra-
hydrocortisone-the most abundant corticosteroids
in the urine of adults-are not the dominant reducing
steroids during the first three days of life. In
chromatograms of infancy urine, obtained during
days 1 to 3, compounds with the mobilities of
tetrahydrocortisol and tetrahydrocortisone are less
prominent than another reducing compound which
is slightly more polar than tetrahydrocortisone.

257
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Another unknown reducing steroid prominent only
in the first few days of life has a mobility between
that of tetrahydrocortisone and that of cortisol
(Cathro et al., 1963). There is evidence, however,
for the existence of tetrahydrocortisone in the urine
ofnewborn infants, the proportion of this compound
steadily increasing with advancing age (Bertrand,
Loras, Gilly, and Cautenet, 1963; Kenny, Malvaux,
and Migeon, 1963; Cathro et al., 1963; Cathro,
1964). The values given in the Table represent the
total blue tetrazolium-reducing compounds of this
order of polarity, namely, those with RF values
ranging from 0 06 to 0 2 in the Bush system T/75
under strictly controlled conditions (Birchall et al.,
1963; Cathro, Cameron and Birchall, 1965).
Possible A15-constituents of this group ofcompounds,
on theoretical grounds, are 33: 70c: 160-trihydro-
xyandrost-5-ene-1 7-one, 3(: 1 60-dihydroxandrost-
5-ene-7: 17-one, 3p: 17a: 21 -trihydroxypregn-5-ene-
20-one and 3p: 16a: 21: trihydroxypregn-5-ene-20-
one, the first of which Bongiovanni (1961) has
postulated may be present in the urine of infants with
congenital adrenal hyperplasia due to deficiency of
3 (-ol-dehydrogenase. The values listed in the Table
are, therefore, likely to be largely indicative of
A5-steroid excretion.
Thus, though superficial examination of the

corticoid fraction of the urine from the infant with
3(-ol-dehydrogenase deficiency revealed no obvious
abnormality, and the complicated patterns of the
more polar blue tetrazolium-reducing steroids did
not differ significantly from those expected on the
third day of life, the Table shows that quantitation of
reducing steroid in the tetrahydrocortisol to cortisol
area indicates that more was present than was found
in control infants whose delivery had been normal
and whose course up to day 3 had been uneventful.
The marked increase in excretion ofthese compounds
by an infant with severe 3(-ol-dehydrogenase
deficiency provides further circumstantial evidence
for a high proportion of the unusual blue tetrazolium
reducing steroids of this order of polarity found in the
urine of normal newborn infants being z5-com-
pounds, resulting from a relative or mild deficiency
of 3(-ol dehydrogenase which is physiological in the
neonatal period of life.
During analysis of the urine from the affected

infant for corticosteroids giving sodium fluorescence,
excessive amounts of interfering material were
obtained on the chromatograms. The physiologi-
cally active A4-corticosteroids, cortisol, cortisone,
and corticosterone, or at least steroids with their
properties, were present in amounts in the upper
part of the wide normal range. These steroids
probably represented a maternal or a placental

contribution. It is at least possible, on theoretical
grounds, that some of these corticosteroids could
have been synthesized in the adrenal glands of the
affected infant directly from progesterone produced
in the placenta. It is noteworthy that signs of
incipient adrenal failure were not evident until the
ninth day.
Though this study has shown that it is possible to

make an accurate diagnosis of the rare condition of
permanent 33-ol-dehydrogenase deficiency by means
of elaborate biochemical techniques as early as the
third day of life, clinical and theoretical evidence
both suggest that the detailed urinary analysis
should be deferred until the sixth or seventh day, by
which time the urinary steroid patterns become less
complicated. During these first few days it is
essential to keep a close watch on the clinical
condition of the infant and on the plasma electrolytes,
since supportive measures may be required soon
thereafter to prevent the onset of frank adrenal
failure.

Summary
The occurrence of the steroid 3r3: 21-dihydroxy-

pregn-5-ene-20-one in the urine of normal newborn
infants is interpreted as signifying that the newborn
infant makes use of a pathway for the biosynthesis of
corticosteroids involving 21-hydroxypregnenolone
which is of little importance in the adult. It is
suggested that the significant excretion of a5-
steroids by normal newborn infants reflects a relative
deficiency of the enzyme 3p-hydroxysteroid dehydro-
genase in the adrenal glands at this stage of life.
Although normal newborn infants have a high

output of steroids retaining the z15-structure,
quantitative comparison of the individual neutral
steroids excreted by normal infants and by an infant
with permanent deficiency of 33-hydroxysteroid
dehydrogenase has made it possible to diagnose this
endocrine abnormality with certainty as early as the
third day of life, because of the much greater
quantities of z15-steroids excreted by this infant.

This research programme has been supported by a
grant from the Scottish Hospital Endowments Research
Trust. We have to thank Professor J. L. Henderson for
his support and encouragement. We are indebted to
Dr. W. Hamilton of the Department of Child Health,
University of Glasgow, for provision of a urine specimen
from an infant suffering from 313-ol-dehydrogenase
deficiency. We wish to thank Mrs. J. Cameron, Miss M.
Philp, and Mr. I. Roberts for technical assistance.
Helpful advice has been given by Dr. J. R. Pasqualini.

REFERENCES

Acevedo, H. F., Axelrod, L. R., Ishikawa, E., and Takaki, F. (1963).
Studies in fetal metabolism. II. Metabolism of progesterone-
4-C14 and pregnenolone-7a-H3 in human fetal testes. J. clin.
Endocr., 23, 885.

 on M
ay 15, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.40.211.251 on 1 June 1965. D

ow
nloaded from

 

http://adc.bmj.com/


21-HYDROXYPREGNENOLONE EXCRETION 259
Appleby, J. I., Gibson, G., Norymberski, J. K., and Stubbs, R. D.

(1955). Indirect analysis ofcorticosteroids. I. The determina-
tion of 17-hydroxycorticosteroids. Biochem. J., 60, 453.

-, and Norymberski, J. K. (1955). Indirect analysis ofcorticoster-
oids. 2. The determination and identification of urinary
17-hydroxy-20-oxosteroids unsubstituted at C(21). ibid., 60, 460.

-,- (1957). The urinary excretion of 17-hydroxycorticoster-
oids in human pregnancy. J. Endocr., 15, 310.

Baillie, A. H., and Griffiths, K. (1964). 3,-hydroxysteroid dehydro-
genase activity in the mouse Leydig cell. ibid., 29, 9.

Berliner, D. L., Cazes, D. M., and Nabors, C. J., Jr. (1962). Adrenal
3,l-hydroxysteroid dehydrogenase activity on C17-hydroxylated
A5-pregnenes, C21-hydroxylated A5-pregnenes, or both. J. biol.
Chem., 237, 2478.

-, - , , and Dougherty, T. F. (1962). Conversion of
A5-pregnene-3,3, 21-diol-20-one to DOC and A5-pregnene-30,
17a, 21-triol-20-one to 'S' of Reichstein by the adrenal gland.
Fed. Proc., 21, 184.

Bertrand, J., Loras, B., Gilly, R., and Cautenet, B. (1963). Contribu-
tion a l'6tude de la s6cr6tion et du m6tabolisme du cortisol chez le
nouveau-n6 et le nourrisson de moins de trois mois. Path. et
Biol., 11, 997.

Birchall, K., Cathro, D. M., Forsyth, C. C., and Mitchell, F. L. (1961).
Separation and estimation of adrenal steroids in the urine of
newborn infants. Lancet, 1, 26.

-, -, -, - (1963). A method for the separation and
estimation of neutral steroids in the urine of newborn infants.
J. Endocr., 27, 31.

Bloch, E., and Benirschke, K. (1962). Steroidogenic capacity of
foetal adrenals in vitro. In The Human Adrenal Cortex, ed.
A. R. Currie, T. Symington, and J. K. Grant, p. 589. Living-
stone, Edinburgh.

Bongiovanni, A. M. (1961). Unusual steroid pattern in congenital
adrenal hyperplasia: deficiency of 33-hydroxy dehydrogenase.
J. clin. Endocr., 21, 860.
- (1962). The adrenogenital syndrome with deficiency of 3,3-

hydroxysteroid dehydrogenase. J. clin. Invest., 41, 2086.
-, and Clark, A. (1962). Urinary A5-pregnene-3(3, 17a, 20a, 21-

tetrol in 3,3-ol-dehydrogenase deficiency. ibid., 41, 1346.
-, and Eberlein, W. R. (1961). Defects in steroidal metabolism of

subjects with adrenogenital syndrome. Metabolism, 10, 917.
-, and Root, A. W. (1963). The adrenogenital syndrome (contin-

ued). New Engl. J. Med., 268, 1342.
Cathro, D. M. (1964). A Study of Adrenocortical Function in

Newborn Infants. Thesis submitted for the degree of M.D.,
University of Edinburgh.

-, Birchall, K., Mitchell, F. L., and Forsyth, C. C. (1963). The
excretion of neutral steroids in the urine of newborn infants.
J. Endocr., 27, 53.

-, Cameron, J., and Birchall, K. (1965). The application of paper
chromatography to the study of steroid structure. J. Chromatog.,
17, 362.

Chen, C., Wheeler, J., and Tewell, H. E., Jr. (1953). Methods of
estimation of adrenal cortical steroids with tetrazolium salts.
J. Lab. clin. Med., 42, 749.

Colas, A., Heinrichs, W. L., and Tatum, H. J. (1964). Pettenkofer
chromogens in the maternal and fetal circulations: detection of
3,3, 16a-dihydroxy-androst-5-en-17-one in umbilical cord blood.
Steroids, 3, 417.

Dorfman, R. I. (1962). Androgen biosynthesis in adrenal tumours.
In The Human Adrenal Cortex, eds. A. R. Currie, T. Symington,
and J. K. Grant, p. 93. Livingstone, Edinburgh.

Exley, D., Ingall, S. C., Norymberski, J. K., and Woods, G. F. (1961).
Indirect analysis of corticosteroids. 5. The determination of
17-deoxycorticosteroids. Biochem. J., 81, 428.

-, and Norymberski, J. K. (1963). The urinary excretion of
17-deoxycorticosteroids. In Abstracts ofpapers presented at the
International Symposium on Steroids, Rome, 1963, p. 40. Arti
Grafiche Capaccetti, Rome.

Francis, F. E., Shen, N. C., and Kinsella, R. A., Jr. (1960). Enteric
excretion of metabolites of steroid hormones in the human. II.
Isolation of A5-androsten-3,3-ol-17-one from meconium. J. biol.
Chem., 235, 1957.

Jacobsohn, G. M. (1962). Isolation of 5-pregnenediol from the urine
of a patient with congenital adrenocortical hyperplasia. J. clin.
Endocr., 22, 859.

Kenny, F. M., Malvaux, P., and Migeon, C. J. (1963). Cortisol
production rate in newborn babies, older infants, and children.
Pediatrics, 31, 360.

Longchampt, J., and Axelrod, L. R. (1963). Contribution to steroids
biosynthesis in human adrenal. In Abstracts ofpapers presented
at the International Symposium on Steroids, Rome, 1963, p. 18.
Arti Grafiche Capaccetti, Rome.

Medical Research Council Committee on Clinical Endocrinology
(1951). Proposed standard method of 17-ketosteroid determina-
tion. Lancet, 2, 585.

Migeon, C. J., Keller, A. R., and Holmstrom, E. G. (1955). Dehydro-
epiandrosterone, androsterone and 17-hydroxycorticosteroid
levels in maternal and cord plasma in cases of vaginal delivery.
Bull. Johns Hopk. Hosp., 97, 415.

Mulrow, P. J., Cohn, G. L., Kuljian, A. A., and Ganong, W. F. (1962).
Incorporation of 17-hydroxy-pregnenolone-H3 into cortisol by
the human adrenal in vitro and by the dog adrenal in vivo.
J. clin. Invest., 41, 1388.

Natoli, A., Nicolosi, G., and Magliocca, R. (1957). In tema di
rapporti tra corticosurrene e gravidanza: 1'eliminazione urinaria
degli steroidi chetonici Zimmermann-e Pettenkofer-reagenti in
donne gravide nei vari mesi di gestazione. Quad. Clin. ostet.
ginec., 12, 31.

Neher, R., and Wettstein, A. (1960). Occurrence of A5-303-hydroxy-
steroids in adrenal and testicular tissue. Acta endocr. (Kbh.), 35,
1.

Norymberski, J. K. (1961). Methods of group corticosteroid estima-
tion in urine-II. In The Adrenal Cortex, ed. G. K. McGowan
and M. Sandler, p. 88. Pitman, London.

Pasqualini, J. R. (1962). Contribution a l'tude Biochimique des
Corticost6roldes. R. Foulon, Paris.

-, and Jayle, M. F. (1962). Identification of 33,, 21-dihydroxy-5-
pregnene-20-one disulfatein human urine. J. clin. Invest., 41,981.

Pincus, G. (1962). The metabolism and mode of action of the
adrenocortical hormones: Introductory review. In The Human
Adrenal Cortex, ed. A. R. Currie, T. Symington, and J. K. Grant,
p. 85. Livingstone, Edinburgh.

Reynolds, J. W. (1963a). Salt-losing congenital adrenal hyperplasia
with a mixed enzymatic defect. J. Pediat., 63, 718.

- (1963b). Isolation of 16 OH pregnenolone from urine of
newborn infants. Proc. Soc. exp. Biol. (N. Y.), 113, 980.

- (1964). The isolation of 16-ketoandrostenediol (31,, 1713-
dihydroxyandrost-5-en-16-one) from the urine of a newborn
infant. Steroids, 3, 77.

Schuller, E. (1957). Corticosteroid-Ausscheidung in der normalen
Graviditat. Acta endocr. (Kbh.), 25, 345.

Villee, C. A. (1963). The development of enzyme systems. Acta
paediat. (Uppsala), 52, 205.

Weliky, I., and Engel, L. L. (1963). Metabolism of progesterone-4-
C14 and pregnenolone-7oc-H3 by human adrenal tissue. Forma-
tion of l 6a-hydroxyprogesterone-C14, corticosterone-C14, and
cortisol-C14-H3. J. biol. Chem., 238, 1302.

Woolever, C. A., Goldfien, A., and Page, E. W. (1961). Studies of the
isolated perfused human placenta. II. Progesterone content of
perfusates. Amer. J. Obstet. Gynec., 81, 1137.

Appendix

The following terms for trivial names have been used
in the illustrations and in the text.

Androstenedione Androst-4-ene-3: 17-dione
Corticosterone 11I: 21-Dihydroxypregn-4-

ene-3: 20-dione
Cortisol (F) I11: 17a: 21-Trihydroxy-

pregn-4-ene-3: 20-dione
Cortisone 17a: 21-Dihydroxypregn-4-

ene-3: 11: 20-trione
Dehydroepiandrosterone 3fl-Hydroxyandrost-5-ene-
(DHA) 17-one

Deoxycorticosterone 21 -Hydroxypregn-4-ene-3:
20-dione

16a-Hydroxydehydro- 3fl: 16a-Dihydroxyandrost-
epiandrosterone 5-ene-17-one
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16a-Hydroxypregnenolone 3fl: 16a-Dihydroxypregn-5- Pregnenolone 3fl-Hydroxypregn-5-ene-20-
ene-20-one one

17a-Hydroxypregnenolone 3fl: 17a-Dihydroxypregn-5- Progesterone Pregn-4-ene-3: 20-dione
ene-20-one Testosterone 17,B-Hydroxyandrost-4-ene-

21-Hydroxypregnenolone 3,B: 21-Dihydroxypregn-5- 3-one
ene-20-one Tetrahydrocortisol (THF) 3a: 11/: 17a: 21-Tetrahy-

17a-Hydroxyprogesterone 17a-Hydroxypregn-4-ene-3: droxy-5/3-pregnan-20-one
20-dione Tetrahydrocortisone 3a: 17a: 21-Trihydroxy-5/-

Pregnanetriol 3a: 17a: 20a-Trihydroxy- pregnan-1 1: 20-dione.
5,B-pregnane
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