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SUMMARY

The main features of the developmental pattern of three A*-steroid hormones in human and rat are
as follows: In both species testosterone (T) is more elevated in the male than in female at birth,
In early infancy values in the human are only half those of adults while they are 1/10 in the rat.
Although decreasing after infancy, T levels remain higher in the male than in the female rat during
the prepubertal period while they are identical in both sexes in the human. In the human, 4-andros-
tenedione (A*) and 17OH-progesterone (OHP) levels in both sexes are at their lowest during early
childhood and their prepubertal rise {adrenarche) is only 2-fold. In the rat both A* and OHP increase
to reach peak levels, by 25 days of life. At the onset of puberty A* and OHP further increase in
the human while they decrease in the rat. These data suggest that; (1) the perinatal testicular activity
is greater in man than in the rat; (2) The high levels of A* and 170OHP observed from 3 to 5 weeks
of age in the rat might represent a prepubertal activation of the adrenal, “equivalent” to the human
adrenarche. (3) The testicular contributions to the peripheral pool of OHP also differs between the

two species but is probably minimal, if significant, in the rat.

INTRODUCTION

Tt is now well established that the hypothalamus of
the rat is not yet sex-differentiated at birth and can
be modified by a neonatal administration of testoster-
one [1-4] which produces an irreversible sterilization
in the female. On the other hand, male castrated at
birth exhibit a female-like neuro-endocrine pattern
when given ovarian implants in adulthood. This sug-
gests that a testicular endocrine secretion occurs at
birth and is necessary to complete the male differen-

tiation of the hypothalamus, while a passive role for’

the ovary at birth could be inferred.

Departing from this concept, although it has since
been demonstrated that the situation was not the
same in mammals [5] we have conducted studies
which have shown that in the human there is a
marked perinatal testicular activity under hypothala-
mo-hypophyseal control which stops at 7 months of
age [6-9]. In previous works we also presented evi-
dence indicating that the human ovaries might have
a certain endocrine function during the second trimes-
ter of life [9, 10}. In human long before the onset of
puberty there is also a selective increase in the pro-
duction of adrenal androgens of the A® pathway
(DHA and DHA-sulfate)[11-13].

*The following trivial names and abbreviations are used:
T, testosterone = 178-hydroxy-4-androsten-3-one; A%,
androstenedione = 4-androstene-3,17-dione; OHP, 17-hy~
droxyprogesterone = 17a-hydroxy-4-pregnen-3-one.
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In the rat it has been reported that a compensatory
hypertrophy of the ovary follows hemicast-
ration [ 14, 15], that early administration of antibodies
to estradiol affects ovarian morphology [16], that in
vitro a peak of ovarian endocrine activity occurs
between 8 and {2 days post partum[17] and that
in the male, neonatal [18] or prepubertal [19] surges
of testosterone occur. On the other hand. other
steroids such as progesterone [20, 217 or of unknown
nature [21, 22] also exhibit surges in prepubertal rats
in both sexes.

The role of the adrenal in sexual maturation has
been investigated by various authors for both
human [12] and rat [23]. We, therefore, reinvestigate
the rat as a possible mode! to study the mechanism
of the neuroendocrine changes occurring during sex-
ual differentiation and maturation.

The patterns of testosterone* and those of its two
immediate precursors, namely 4-androstenedione
and 17x-hydroxyprogesterone have been establishcu
from birth to sexual maturation in Sprague-Dawley
rats and are compared to those observed in the
human.

MATERIAL AND METHODS

Blood was obtained from a peripheral vein of
550 normal human subjects of various ages between
9.00 and 11.00 [6-10, 24].

Sprague~Dawley rats, born in the laboratory. were
maintained under conditions of controlled tempera-
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ture and lighting (12 h-12 h) with free access to food
and water. Blood was collected by decapitation from
3000 rats between 12.00 and 13.00. Plasma was im-
mediately decanted after centrifugation and stored at
—25°C until analyzed. So as to obtain sufficient
amouts of plasma, specimens were pooled, 4-35
according to age. For each day of life 6-8 pools were
made.

Testosterone (T), 4-androstenedione (A% and
172-hydroxyprogesterone (OHP) were separated by
celite column chromatography as previously de-
scribed [25]. A* was reduced to T {7, repurified on
a second celite column chromatography and
measured as T. Specific radioimmunoassays, de-
scribed in detail elsewhere [7, 24, 257, were used to
determine the plasma concentrations of T, A* and
OHP in both species. Determinations were in all
cases made in triplicate on progressive aliquots. In
this study inter assay variations were 6.5% for T, 6.9%,
for A* and 8.4%, for OHP.

RESULTS AND DISCUSSION

In the human

From the large gradient between cord
(35.7 + 10.5 ng/dl) and peripheral plasma concen-
trations (228 + 128} it was concluded that the testes
are still very active at birth [8]. The patterns there-
after observed for T, A* and OHP throughout infancy
are summarized in Fig. 1. In male infants T, A* and
OHP levels, after a rapid decrease during the first
week of life, increase to peak levels of respectively
248 + 49, 35+ 106 and 20! + 79ng/dl at 1-3
months of age, decrease thereafter and reach at 6
months of life the lowest life values (respectively
68+ 25, 11 +4 and 29 + 21 ng/dl for T, A* and
OHP). In female infants while T and A* are by 2
to 3 weeks of age in the same range as for males,
OHP levels remained significantly higher at 7-9
months of age (60 + 42 ng/dl).

The marked differences observed between sexes in
these hormonal patterns indicate that in both sexes
the gonads are active during infancy but at different
ages: the testis exhibiting a large secretory activity
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Fig. 1. Mean plasma levels of testosterone (testo),
4-androstenedione  (A*) and 17-hydroxyprogesterone

(OHP} in normal male and female infants (compiled data

from previous works[6-10]). The curves join the mean

values observed in detailed age groups (days x 5,
week x 2, then every month).
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Fig. 2. Detailed changes (adrenarche) of the plasma con-

centrations (mean + SD) of testosterone, 4-androstene-

dione and 17-hydroxyprogesterone in 98 normal prepuber-
tal boys.

at 1-3 months, the ovary a more discrete one at 6-12

months of age.

The prepubertal period, from the second year of
life to the onset of puberty, is characterized by 2
stages: during the first, which we call stage P, of
pubertal development, T. A* and OHP remain at the
lowest levels observed in life with no difference
between sexes. The second stage (P, of pubertal devel-
opment) is characterized by a rather abrupt and con-
tinued rise in the plasma levels of these hormones.
The selective increase in adrenal A°-androgens (DHA
and DHA sulfate) is well know (adrenarche) and its
exact chronology {abrupt rise of DHA at the 7th year
of life) has been recently documented [11-13]. In a
previous work [12] it has been shown that the levels
of A* also increase during stage P,. but about 2 years
later. It appeared to us that the low peripheral con-
version of DHA into A*[26] was not the only
explanation for these chronologic differences, but
rather that the “adrenarcheal changes” also involve
the 4-ene pathway. We therefore investigate another
group of normal children. The results of this study
in males are presented in Fig. 2. The changes were
similar in females. From these results it appears that
A* and OHP increase at the same time (between 8
and 9 years of age). T also increases slowly probably
at the same period but only becomes significant when
a large series of children are studied.

The pubertal changes in androgens are well docu-
mented in the literature. We report our personal ex-
perience (Fig. 3) for comparison of absolute values.
In male. T increases first rather slowly from stage
P, to P, then very steeply from stage P, to Ps. Due
to the large contribution of the adrenal production
of the adrenal production [26] A* and OHP levels
increase slowly throughout puberty in both sexes.

years
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Fig. 3. Hormonal changes throughout puberty in human.
The curves join the mean values observed at each stage
of pubertal development.

In the rat

At birth, T levels were significantly higher in males
(412 + 6.7ng/dl) than in females (7.3 + 1.1ng/dl).
The sex difference was not significant for A* and
OHP (respectively 28 + 9 and 55 + 30 in males and
17 £ 11 and 82 + 29 ng/dl in females).

The daily changes in the levels of the 3 hormones
from day 1 to puberty were analyzed from 5 to 7
days intervals and results are presented in Figs 4 and
5. In the male plasma. T levels declined somewhat
during the first days of life but remained similar until
the onset of puberty. In the female T levels remained
at the same low level (8-9 ng/dl) until day 18 when
they rose slightly but significantly. A* levels were
slightly but significantly higher in the male
(19 + 6ng/dl) than in the female (12 + 5ng/dl) the
first two weeks of life, after which they rose in both.
Peak levels observed between days 20 and 30 were
the same in both sexes (25.4 + 16 and 28 + 12 ng/dl).
Comparable changes were observed for OHP which
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Fig. 4. Mean ( +SE) levels of testosterone (testo), 4-andros-
tenedione (A*) and 17-hydroxyprogesterone (OHP) from
birth to puberty in the male rat.
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Fig. 5. Hormonal prepubertal changes in the female rat.
The smallest dotted lines represent female with open
vagina. See Fig. 4 for other legends.

showed peak levels of respectively 89 + 67 and
100 + 36 ng/dl in males and females between 20 and
30 days of age. Thereafter the plasma concentrations
of OHP dropped abruptly in the male to
15.4 + 2.2 ng/dl and remained at these low levels in
adults. A similar drop in OHP after 32 days of age
was observed in females but only in those with a
closed vagina.

In the male rat, T levels rose abruptly at the onset
of puberty (day 34-35) reaching adult values
(248 + 14 ng/dl) by 45 days of age. A slight rise in
A* was also observed (adult values = 26 + 2 ng/dl).

We were unable to find any significant late neo-
natal or prepubertal surge of T as described in Holtz-
man rats [19] for male Sprague-Dawley rats.

To our knowledge, OHP levels have not been
reported in the rat, and no detailed simultaneous pat-
terns of T, A* and OHP appeared in the literature.
The most interesting findings were the large increase
of OHP and to a minor extent of A* during the pre-
pubertal period. Its occurrence in both sexes as the
decline of OHP after day 32 in immature female and
in males suggests its adrenal origin. A similar prepu-
bertal rise in progesterone levels (maximal at 25 days
of age) has been described in"the same strain of rats
raised in the same conditions and same housing and
was proven to be of adrenal origin [21]. Thus in the
rat there is a prepubertal increase of production of
all steroids of the 4-ene pathway. We consider this
phenomenon as the phyllogenic variant of the human
adrenarche. The possible physiological role of these
steroids in sexual maturation still remains to be estab-
lished.

Comparison hetween the two species

A tentative comparison of the evolution of plasma
concentrations of T, A* and OHP throughout life in
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Fig. 6. Patterns of the plasma levels of testosterone from
birth to adulthood in male (solid line) and female (dotted
line) humans and rats.

man and rats is presented in Fig. 6-8. Such a com-
parison may be artefactual since life span is so differ-
ent in the 2 species; in particular steps in sexual
maturation are more difficult to delineate in the rat
than in human. However, when comparing absolute
hormonal levels at different periods of life within the
same species, two points can be discussed.

(1} At birth, the rat is very immature as compared
to the human. In this species testicular testosterone
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Fig. 7. Developmental changes in 4-androstenedione levels

in the human and the rat (note the different scales in the

ordinates). Solid lines represent mean values for males
while dotted lines represent those for females.
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Fig. 8. Developmental changes in 17-hydroxyprogesterone
levels in the human and the rat. Mean values are joined
in solid lines for males and in dotted lines for females.

directly or via its conversion into other steroids in
target cells, irreversibly programs the hypothalamic
centers involved in the hypothalamic-hypophyseal
control of the gonads [1-4] and of hepatic sex-depen-
dant steroid and drug metabolism [27]. The period
during which this effect is exerted is “critically”
limited to the first 5 days of life. Hypothetized
sequence of neonatal “critical periods” of CNS im-
printing or organization which affect growth rate of
developing rat [28] and sexual behavior [29] have
been demonstrated to be under dose-dependent
androgen control.

When considering the rather low levels of testoster-
one present in the blood stream of the male rat at
birth (41ng/dl) and during the first week of life
(39 + 19 ng/dl} which ar¢ not considerably higher
than those (8 + 4ng/dl) observed in the female
counterpart and 8-10 times lower than those
observed in adult males (248 + 14 ng/dl), it is surpris-
ing that such small quantities of hormone couid exert
such irreversible effects.

In human, sexual differentiation of the hypothala-
mus appears complete at birth. However, in the male
infant during the first 3 months of life T levels are
five times higher than in the male newborn rat.

We wondered if in the rat the unbound fraction
of T (biologically active fraction) was not consider-
ably higher than in man. Using equilibrium dialysis
we measured the percentages of T and A* bound by
plasma proteins at two different ages in both species.
The unbound fractions were calculated and the results
are.presented in Table 1. As can be seen, the unbound
fraction of T is somewhat higher in the rat than in
the human, but is in both species much lower than
that of A*. These data would suggest that in the rat
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Table 1. Percentages of unbound levels of testosterone (T) and 4-androstenedione (A*) in
the plasma of male men and rats according to the stage of pubertal development

Human Rats

T A* T A4

I. Prepubertal 0.62 + 0.18 464 + 094 3.5+ 03 7.19 + 0.68
(n) (40) (40) (6)* 6y*

I1. Adult 145 + 0.31 4.84 + 0.58 4.0 + 0.08 7.14 + 1.33
(n) (25) (25) 6 (6)*
IvsIl P <0.01 NS =0.05 NS

* Pools.

Table 2. Changes in the mean ratios of the plasma concen-
trations of testosterone over those of 4-androstenedione
or 17a-hydroxyprogesterone during development

Human Rat
T/A T/OHP T/A T/OHP
Prepubertal 0.55 0.25 1.3 0.33
Pubertal 5.2 49 99 16.7

there is also a specific binding for T, the nature of
which remains to be elucidated.

By calculating the unbound concentrations of T in
young and adult rats it would appear that the neo-
natal sexual differentiation of the brain requires a
much lower level of androgens than do the establish-
ment and the maintenance of adult sexual character-
istics,

In human what are the actions of such high levels
of T during early infancy? This question is still un-
answered. However, in the Rhesus monkey, a model
often used for man [30], it is possible that the post-
natal period might be a critical one during which the
CNS may be organized by androgens for control of
pubertal timing and sexual behavior.

(2) In adulthood, the human testis secrete a number
of sex steroids among which the predominant one
is clearly testosterone [31]. OHP is also secreted in
vivo in large quantity by the human testes [32]. This
is reflected by the high concentrations of both T and
OHP at 2 periods of active testicular activity, infancy
and adulthood.

In the rat, the pubertal period and adulthood are
characterized by testosterone dominance in peripheral
plasma concentrations, whereas the prepubertal
period appears to be characterized by the dominance
of OHP (Table 2). In the rat levels of T in adults
are half of those observed in the human while those
of OHP are remarkably low. Differences in the con-
centration of these hormones in peripheral blood are
not as conclusive as concentrations in spermatic
venous blood used by others[33]. However, these
data, together with in vitro studies {34], suggest that,
contrary to the human, the testicular secretion of
OHP is minimal if present in the rat.
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