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SUMMARY

Plasma dehydroepiandrosterone (DHA) and its sulfate (DHAS), androstenedione (A), 17«¢-hydroxypro-
gesterone (17-OHP), testosterone (T), oestradiol (E;) and LH were measured in cord plasma and in
plasma samples obtained in normal infants and children 3-18 months and/or 3.5-16 yrs of age. DHAS,
A, 17-OHP, and T were elevated in cord plasma and decreased to relatively constant levels by 3 months
except for T in male infants which was higher at 3 months than in cord plasma. LH was also higher
at 3 months in male infants than later up to 18 months. A significant rise in DHA and A'was noted
in girls between 6-8 and 8-10 years of age respectively while these hormones increased 1-2 years later
in boys, prior to any significant rise in T and E,. These studies confirm the reported activity of
the hypothalamic-pituitary gonadal axis in early infancy together with the prepubertal adrenal activity
leading to gonadotrophin release. Studies in the young lamb showed higher plasma LH and T values
at 4-5 weeks and pulsatile release of LH, T and prolactin which were more important at 1 week
and 8 weeks than at 4 weeks of age. In vivo and in vitro responsiveness to HCG was also more
important at 1 week while the number of binding sites was identical. A complete dissociation between
cAMP and T response to HCG was observed. It is suggested that the newborn lamb may be used

as a model for the study of hypothalamic-pituitary gonadal relationships in man.

INTRODUCTION

The ontogeny of hypothalamic-pituitary gonadal rela-
tionships in man from fetal life through adolescence
has been extensively studied in recent years. Three
preferential phases involving gonadotrophin and
gonadal steroid secretion are found: in the first tri-
mester of pregnancy, in the second and third months
of postnatal life and at puberty {1-7]. It is well recog-
nized since the early work of Jost [8] that the fetal
testis, which is under the stimulus of a placental tro-
phoblastic hormone called chorionic gonadotropin or
HCG, plays an essential role in masculine sexual
differentiation. In addition, the endocrine function
of the gonads is under the control of complex neuro-
endocrine regulatory mechanisms involving pituitary
gonadotropins, LH-RH [9-10] and most likely other
substances such as biogenic amines of the central ner-
vous system [11]. While it is widely accepted that it
is essentially circulating sex steroids which .control
LH secretion through negative feedback at the hypo-
thalamic or pituitary level and hence gonadal steroid
hormone secretion [5, 6], the negative feedback con-
trol of FSH is less well understood. A gonadal hor-
mone called “inhibin”, a polypeptide presumably se-
creted by the sertoli cells of the testis and by the
ovarian follicles, appears to exert, at least in part,
such a role [12].

In the human male infant studies by Forest et
al.[4], later confirmed by Winter et al.[3], have con-
clusively shown that plasma testosterone levels are
elevated at birth in both sexes and rapidly decline
thereafter. However, a transient rise in plasma testo-
sterone is observed after the first week in males,
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reaching maximum levels during the second and the
third months of postnatal life, and decreasing to pre-
pubertal levels by seven months of age [3,4). Serum
androstenedione in the male infant shows a similar
trend albeit less marked [3, 4]. Since unbound testo-
sterone levels follow a similar pattern to that of total
testosterone, these differences cannot be accounted for
by an increase in testosterone binding protein and
indicate a true increase in the circulating free steroid
{13]. In addition, since the newborn testis is respon-
sive to HCG administration which raises blood testo-
sterone to levels observed in older children and in
adults, and since the administration of fluoxymester-
one suppresses circulating testosterone levels, it
appears evident that an active gonadostat is operative
during this period [14].

In order to study further the mechanisms which
control early postnatal testicular activation in man,
a suitable experimental model had to be found.
Although the chimpanzee appears promising in this
regard [2], its availability and cost preclude its use
in most centres. In the immature male lamb, Lee et
al[15] have measured plasma testosterone, LH and
FSH levels and have observed a transient rise in all
these hormones at 5 weeks of age prior to any evi-
dence of spermatogenesis [16], suggesting its useful-
ness as a model for the study of the activity of the
hypothalamic-pituitary-gonadal axis in early post-
natal life.

The present paper reports plasma levels of several
hormones in children from birth to 18 months of life,
in prepuberty and during pubertal development
together with preliminary studies in young immature
male lambs.
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Fig. 1. Dehydroepiandrosterone Sulfate (DHAS) levels in

mixed cord and peripheral plasma in female and male in-

fants from 3-18 months of age. The number of subjects

(N) is indicated at the bottom of each column. X +
S.E. = Mean + standard error.

MATERIALS AND METHODS

In the first part of this study, plasma levels of dehy-
droepiandrosterone sulfate (DHAS) [17], androstene-
dione (A) [18], 17-hydroxyprogesterone (17-OHP)
[19], testosterone (T) [18] and LH [20] were
measured by specific radioimmunoassays (RIAs) in
normal children from birth to 18 months of age. Simi-
larly, plasma dehydroepiandrosterone (DHA), A, T
and oestradiol (E,) were measured on a single blood
sample obtained in normal children from 3.5 to 16
years of age as previously described [7, 18].

In the second part of this work, heparinized blood
was obtained in the young lamb from birth till two
months of life by jugular vein puncture and plasma
T [18], FSH [21], LH [22] and prolactin [23] deter-
mined by specific RIAs.

In the third part of this study, the plasma response
to HCG was evaluated in 1, 4 or 8 week old lambs
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which were subjected to hemicastration immediately
prior to HCG administration (A.P.L. Ayerst Labora-
tories, 500 1.U./kg body weight). Three animals were
studied at 1 week, 2 at 4 weeks and 4 at 8 weeks.
The number of binding sites to HCG was determined
and levels of cyclic adenosine monophosphate
(cAMP) and T measured in isolated Leydig cells pre-
pared from non stimulated testes after a 3 h incuba-
tion in buffer alone or with added HCG or cholera-
toxin essentially as described previously [24]. In the
second testis obtained after in vivo HCG stimulation,
cAMP and T content were determined in homo-
genates of pools obtained from each animal in each
experimental group.

RESULTS

1. Hormone levels in normal children from birth through
puberty

(A) DHA and DHAS. Figure 1 shows the plasma
levels of DHAS in mixed cord blood and in plasma
samples obtained at three months intervals to 18
months of age in both girls and boys. No sex differ-
ence was observed at any age, the very high concen-
tration of DHAS in cord blood gradually decreasing
throughout the period of study, a 10-fold decrease
being already present by 3 months of age. DHA,
which in general follows DHAS, was measured from
3.5 till 16 years and a significant increase was found
as early as 6 to 8 years of age in girls and 8-10 years
of age in boys [Fig. 2].

(B) Androstenedione (A). Androstenedione, another
steroid mainly of adrenal origin [25], was also ele-
vated at birth but levels equivalent to one fifth those
found in cord plasma were already seen at 3 months
and remained unchanged until 18 months (Fig. 3).
In older children, a significant increase in A was
found by 8-10 years in girls and 10-12 years in boys
(Fig. 2).
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Fig. 2. Dehydroepiandrosterone (DHA) and androstenedione (A) in boys and girls from 3.5 to 16 years
of age. The number of subjects is indicated at the bottom of each column; X + 95% CL = Mean + 95%
confidential limits or intervals.
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Fig. 3. Androstenedione (A) levels in mixed cord and peri-

pheral plasma in female and male infants from 3 to 18

months of age. The number of subjects is indicated at the

bottom of each column. X + SE. = Mean + standard
€rror.

(C) 17a-Hydroxyprogesterone (17-OHP). 17-OHP
was measured only through 18 months of age. Very
high in cord plasma in both sexes, levels 10-12 times
lower were already observed by 3 months, decreased
again by 6 months and remained stable to 18 months
(Fig. 4).

(D) Testosterone (T). Somewhat high in cord
plasma of both sexes, levels fell by 3 months in girls
and 6 months in boys and remained constant to 18
months (Fig. 5). In male infants however, the highest
T values were found at 3 months.

In older children, plasma T remained low until
12-14 years of age in boys and girls at which time a
statistically significant increase was observed (Fig. 6).

(E) Oestradiol (E;). Plasma E, was measured from
3.5 to 16 years only (Fig. 6). A significant rise was
seen in girls by 10-12 years of age while levels were
somewhat high in boys after 14 years of age, although
this difference was not statistically significant.

(F) Luteinizing hormone (LH). Plasma LH was
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Fig. 4. 17a-hydroxyprogesterone (17-OHP) levels in mixed

cord and peripheral plasma in female and male infants

from 3 to 18 months of age. The number of subjects (N)

is indicated at the bottom of each column. X + S.E.
= Mean + standard error.
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Fig. 5. Testosterone (T) levels in mixed cord and peri-

pheral plasma in female and male infants from 3 to 18

months of age. The number of subjects (N) is indicated

at the bottom of each column. X + S.E. = Mean £ stan-
dard error.

measured from 3 to 18 months of age (Fig. 7).
Although mean levels appeared higher at 3 months
in boys, LH concentration varied little throughout
the period of study.

I1. “In vivo” and “in vitro” studies in male lambs

As shown in Fig. 8, plasma testosterone (T) and
LH concentrations measured in the developing ram
from birth to 6 months of age were found higher
around 4-5 weeks of age while these hormones were
lower in the first and the eight weeks postnatally.
Other LH and testosterone peaks were also noted
at 20 weeks which probably coincide with the onset
of puberty.

Figure 9 shows the pattern of prolactin (PRL), LH,
FSH and T levels during the first 2 months of life
as observed in a representative male lamb. Several
LH and testosterone peaks were observed in this
animal after the first week, up to the sixth week of age
while FSH fluctuated little if any, and high and fluc-
tuating levels of PRL were observed throughout the
period of study. A close correlation between LH and
testosterone peaks was found.

Representative ultradian variations of T, LH, FSH
and PRL obtained at 30 min intervals for 6 h at 2
and 8 weeks of age are represented in Fig. 10. LH
peaks followed by testosterone peaks were found at
2 weeks with fluctuating PRL levels. At 4 weeks, not
represented in Fig. 10, in general no fluctuation of
any hormone was found. At 8 weeks however, here
again PRL levels fluctuated markedly while only little
variations in FSH were observed. In addition, it
should be noted that several LH peaks were found
which were not consistently followed by testosterone
peaks.

Figure 11 shows the plasma T response to HCG
expressed as percentage increment of control levels.
Although the resting levels of testosterone were much
lower at 1 week than at 4 weeks the mean increase
in plasma T under HCG stimulation was greater at |
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Fig. 6. Testosterone (T) and oestradiol (E,) levels in boys and_girls from 3.5 to 16 years of age. The
number of subjects is indicated at the bottom of each column; X + 95% CL = Mean + 95% confiden-
tial limits or intervals.

week with a staistically significant difference between
| and 8 weeks.

Percent increments of cCAMP and T testicular con-
tent post HCG are represented in Fig. 12. Consistent
with the plasma response to HCG, a higher testoster-
one percentage increase was observed at | week, while
cAMP increased progressively from 1 to 8 weeks.

The results found with isolated Leydig cells pre-
pared from the pools of testes obtained from each
experimental group are presented in Fig. 13. When
incubated in the presence of HCG, again the percent-
ageincrease of T production was much higher at 1 than
at 4 and 8 weeks. However, the percentage increase
of CAMP was similar in the three groups. Here again,
a complete dissociation between cAMP production
and T increments was observed in vitro as well as after
HCG in vivo stimulation (Fig. 12). When Leydig cells
were incubated in the presence of choleratoxin, T pro-
duction followed a similar trend, albeit less marked.
The binding of HCG to Leydig cell particles, shown
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Fig. 7. Luteinizing hormone (LH) levels in peripheral
plasma in female and male infants from 3 to 18 months
of age. LER-907 was used as reference preparation. The
number of subject (N) is indicated at the bottom of each
column. X + S.E. = Mean + standard error.

in the bottom part of Fig. 13 was similar at 1, 4
and 8 weeks.
DISCUSSION

Our results of plasma steroids in human cord
plasma and in peripheral plasma in children 3 to 18

"months of age are in general agreement with those

previously published [3, 4, 26, 27]. Indeed, in boys and
girls, DHAS, A and 17-OHP are elevated in cord
plasma and show an abrupt fall by 3 months, the
levels remaining relatively stable until 18 months of
age (Figs 1, 3 and 4). T levels fall by 3 months in
girls. In contrast, T in boys is elevated in cord plasma
and even higher in peripheral plasma at 3 months
but values similar in both sexes are found from 6-18
months of age (Fig. 5). Plasma LH is somewhat
higher in plasma from male infants at 3 months while
similar levels are found in both sexes till 18 months
of age. The elevated levels of LH, T and to a lesser
degree, A[4] in male infants are in agreement with
the view of an active hypothalamic-pituitary-gonadal
axis at this age. It should be noted that our plasma
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Fig. 8. Plasma LH and testosterone (T) in the developing
ram at weekly intervals from the first to the 24th week
of life. Each experimental value represents the mean +
standard error (X + S.E.) of 9 individual blood samples
(specimens obtained thrice weekly in three animals.
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Fig. 9. Representative pattern of testosterone (T), LH, FSH and prolactin plasma levels obtained in
one male lamb from birth to 2 months of age.

samples were obtained exactly at 3 months as part
of a longitudinal study and therefore we were unable
to determine whether peak levels coincided in each
infant with the sample obtained.

In children 3.5-16 years of age, as previously pub-
-lished [7], DHA levels rose significantly in girls by
6 to 8 years and in boys by 8 to 10 years of age
while A showed a significant rise approx. 1-2 years
later in both sexes (Fig. 2), long before any increase
in T or E, in boys and girls respectively (Fig. 6).
This finding is interpreted as evidence of a role of
adrenal androgens in the mechanisms involved in
triggering the hypothalamic pituitary—gonadal axis at
puberty.

The levels of plasma T reported in cord plasma,
in infancy after the third month and in prepuberty
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Fig. 10. Representative pattern of circulating levels of

testosterone (T) (in ng/dl) and of LH, FSH, and prolactin (in

ng/ml) during a 6 h period in one 2-week and one 8-week
old lambs.

are probably similar although the absolute values
found are somewhat higher in the younger age group
than in the latter than those previously published
{3,4]. This can probably be explained by slight
differences in methodology and the different antibody
used.

Our study carried out in the developing lamb also
shows differences in pituitary-gonadal relationships
from the 1st till the 8th week of postnatal life. Indeed,
from the secretory profiles of different hormones in
the developing ram from birth to 2 months and up to
6 months of age (Figs 8 and 9) and from the ultradian
variations studied (Fig. 10), we can conclude that the
newborn hypophysis of the male lamb is capable of
secreting gonadotrophins and prolactin in significant
amounts which can elevate plasma testosterone levels
as early as the first week of life [28]. Significant episo-
dic secretion of high quantities of LH and T, although
not of FSH, would suggest the existence of an active
hypothalamic-pituitary gonadal axis throughout the
first 2 months of postnatal life [28]. The high and
fluctuating levels of PRL however are of interest but
so far their relationship to gonadostatic control
remains to be elucidated.
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Fig. 11. Plasma testosterone (T) response to human chor-

ionic gonadotropin (HCG) 500 LU./kg b.wt. in 1, 4 and

8 week old lambs. The results are expressed as mean per-

centage increments over basal levels + standard error

(X + S.E). Three animals were studied at 1 week, two at
4 weeks and four at 8 weeks.
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Fig. 12. Percentage increments above non stimulated levels

of cAMP and testosterone (T) testicular content after

human chorionic gonadotropin (HCG}) in pools of testes

obtained from three 1 week, two 4 week and four 8 week
old lambs.

The in vivo and in vitro response to HCG and other
secretory stimuli, shows that plasma testosterone and
LH are lower at 1 week, that testosterone production
under HCG in vivo and in vitro is greater at 1 week
and that cAMP production and HCG binding to Ley-
dig cell particles are similar in all groups. The com-
plete dissociation between cAMP production and T
response to HCG indicates that the higher testicular
responsiveness to HCG at 1 week than at 4 and 8
weeks is independent of the number of binding sites
and of cAMP production. This suggests that a step
beyond cAMP formation may be responsible for the
difference in steroidogenesis observed. The lower T
responsiveness of isolated Leydig cells to choleratoxin
is not unexpected since it is known that choleratoxin
acts through cAMP production and that its effect
becomes apparent only after a certain lag period
which may be of importance in a 3h incubation
study. In addition, the greater increment of CAMP
under choleratoxin than under HCG can also be
explained by the response of cells other than Leydig
cells which are present in our preparation and which
can increase their cAMP production under HCG
stimulation.

Our studies in human infants are in keeping with
increasing gonadostatic sensitivity to circulating sex
steroids from fetal life through the first year postna-
tally except for a specific period of activation which
is found around the second and third months in the
human male infant. After a period of relative quies-
cence, adrenal androgens seem to be at play in the
mechanisms which will eventually trigger gonadotro-
phin release and hence gonadal secretion. Whether
the adrenals play any role in the early postnatal tes-
ticular activity observed is presently unknown. How-
ever, since no further activation appears evident until
puberty, it is tempting to speculate that the early pos-
tanatal activation of the hypothalamic pituitary gona-
dal axis may also play a role in the processes which
take place at the time of “adrenarche” and puberty
and that even the early postnatal activity of the axis
may itself result from prenatal programming. Further
studies are needed particularly in the neuroendocrine
aspects of gonadal development, in order to elucidate
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Fig. 13. In vitro production of cAMP and testosterone (T)
response to human chorionic gonadotropin (HCG) and
choleratoxin by isolated Leydig cells prepared from pools
of testes obtained from three 1-week, two 4-week and four
8-week old lambs. The results are expressed as percentage
increment from non stimulated control levels. The number
of binding sites to HCG are expressed as c.p.m. of 1231
per mg of proteins.

the mechanisms which preside testicular activation in
early postnatal life in male infants. Although one can-
not ascertain at this point whether the findings
reported here in the newborn lamb are representative
of postnatal testicular activity in the human, our
results so far would tend to suggest that this animal
can be a useful experimental model for the study of
hypothalamic-pituitary-gonadal relationships at this
age.
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