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SUMMARY 

Plasma levels of androstenedione (A4), testosterone (T), estrone (E,), and &radio1 (E& were measured 
by specific rad~oimmunoas~ys in 109 normal subjects, 55 boys and 54 girls 3.5 to 16.3 years of age, 
and were correlated with maturational parameters such as bone age (BA) and Tanner’s stage of sexual 
development (P). Plasma levels of A4 and E, show a significant increment earlier in females than 
in males, and increase earlier than those of T or Ez in females. A better correlation was consistently 
found between plasma levels of A“ or T and BA or P both in males and females. 

Plasma levels of A4, T, E, and Ez were also measured in 8 boys and 10 girls undergoing testing 
with LH-RH for various disorders of sexual development, and were correlated with the maximum 
plasma LH increment (ALH) observed after LH-RH. In these patients a better correlation was found 
between ALH and plasma levels of A“ in males, and between ALH and plasma levels of A4 or T 
in females than between ALH and T in males and ALH and E, in females. 

These data seem to indicate that the adrenal gland, through “adrenal” sex steroids such as A4 
and E,, plays a role in the triggering and the maintaining of sexual maturation. 

Despite exhaustive work done by various researchers 
in recent years, the intimate mechanism responsible 
for the advent of puberty is still unknown. Paradoxi- 
caily, the more information we gather about the 
physiology of puberty the more we seem unable to 
grasp the “primum movens” of pubertal development. 
The advent of radioimmunoassays for gonadotropins 
has made it possible to delineate the pattern of their 
secretion throughout infancy, childhood, and adoles- 
cence. In turn this has brought about the discovery 
that gonadotropin levels start to rise prior to any 
evidence of secondary sexual development, and that 
in human females they are high at birth to decline 
thereafter until 2 to 8 years of age [l-4]. The signifi- 

cance and the cause of these fluctuations are matter 
for speculation. 

More recently radioimmunoassays have become 
available for the determination of plasma levels of 
steroids, and a few papers have already appeared on 
the variations of some sex steroids throughout 
puberty [S, 61. On the other hand, some authors have 
advanced the hypothesis that adrenal steroids may 
be involved in the onset of puberty in animals as 
well as in humans [7, S]. In particular, it has been 
suggested by Ducharme rt ul. [9] that the sequential 
increase observed in both sexes in plasma levels of 
adrenal steroids, such as dehydroepiandrosterone 
(DHA), androstenedione (A’) and estrone (El), during 
the prepubertal period, may be responsible for the 
change in the gonadostatic threshold which ushers 
the onset of pubertal development. 

In order to determine more precisely the intimate 
mechanism of puberty, relationships between plasma 
levels of adrenal and gonadal sex steroids and various 
indices of sexual maturation were studied. 

MATER~~S AND METHODS 

In the first part of this study, plasma levels of 
androstenedione (A4), testosterone (T), estrone (E,) 
and estradiol (E,) were determined by radioim- 
munoassay [IO, 1 l] in 109 normal subjects, 55 boys 
and 54 girls 3.5 to 16.3 years of age. This was done 
in collaboration with Dr. J. Bertrand’s group in Lyon, 
France. The normal subjects were submitted to a 
thorough physical examination, and sexual matu- 
ration was staged according to the method of Tanner 
[IZ]. In the second part of the work, plasma levels 
of A4, T, E,. and Ez were determined in 8 boys and 
10 girls undergoing testing with the luteinizing hor- 
mone releasing hormone (LH-RH, 100 pg sc) for 
various disorders of sexual development as shown in 
Tables 1 and 2. In these patients, plasma levels of 
LH and FSH were determined by radioimmunoassay 
[13, 141 using LER 907 as pituitary reference prep- 
aration. 

RESULTS 

Figure 1 shows that although plasma A4 levels rise 
progressively with age in both normal male and 
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female subjects, the first sharp increase occurs earlier 

in females (8-10 years of age) than in males (l&l 2 

years of age). T levels rise abruptly in both sexes after 

10 years of age, and in males continue to rise through- 

out adolescence as shown in Fig. 2. Plasma E, levels 
show a small progressive rise with age in males while, 

in contrast, a sharp rise is noted in females as early 
as 8-10 years of age (Fig. 3) which is concomitant 
with the abrupt rise of A4. There is no sex difference 

in E, levels prior to 10-12 years of age when a signifi- 
cant increase occurs in females while in males an in- 
crease is noted only after 14 years of age (Fig. 4). 

As shown in Figs. 5, 6, 7 and 8, statistically significant 

correlations were consistently found, both in normal 
males and females, between plasma levels of A4 or 

T and bone age (BA) or sexual maturation (P). The 
correlation was less consistent between E, or E, and 
BA or P. Figure 9 shows the correlations between 

the maximum increment of LH (ALH) after the 
administration of LH-RH and BA or P or plasma 
levels of A4, or E, or E, in male subjects presenting 
with various disorders of sexual development. A sig- 
nificant correlation (P < @OS) was found only 
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Fig. 1. Plasma levels of A4 in normal male and female 
subjects of increasing age. Columns are means i S.E. At 
the bottom of the columns are shown the number of sub- 

jects in each age group. 
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Fig. 2. Plasma levels of T in normal male and female sub- 
jects of increasing age. 
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Fig. 3. Plasma levels of E, in normal male and female 
subjects of increasing age 
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Fig. 4. Plasma levels of Ez in normal male and female 
subjects of Increasing age. 
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- MALES - between ALH and A4. Figure 10 shows the same cor- 
relations in female patients. A statistically significant 
correlation was found between ALH and BA 
(P < 0.05), ALH and A4 (P < 0.05) and ALH and T 
(P < 0.01). 

DISCUSSION 

Data obtained with normal subjects show the exist- 
ence of an interesting correlation between plasma 
levels of some hormonal steroids and parameters of 
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Fig. 5. Linear correlation between BA and plasma levels 
of A4, T, E, and E, in normal male subjects. 
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Fig. 6. Linear correlation between Tanner developmental 
stage P and plasma levels of A4, T, E, and EZ in normal 

male subjects. 
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Fig. 9. Linear correlation between maximum LH incre- 
ment during an LH-RH test (ALH) and BA, P, A4, T, 
EI and E, in male subjects with various disorders of sexual 

development. 
Fig. 7. Linear correlation between BA and plasma levels 

of A”, T, E, and E, in normal female subjects. 
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Fig. 10. Linear correlation between ALH and BA, P, A4, 
T, E, or E, in female subjects with various disorders of 

sexual development. 

sexual development. Plasma levels of A4 and E , show 
a significant increment earlier in females than in 

males consistent with the earlier onset of puberty in 
girls. In females, plasma levels of these two sex ster- 
oids increase earlier than those of T or Ez. A better 
correlation was consistently found between plasma 
levels of A4 or T and BA or P. These data seem 
to indicate that A4, a steroid reflecting essentially the 
activity of the adrenal gland, is the best index of sex- 

ual maturation and, at least in females, the first to 
be significantly modified concomitantly with E,. It 
is therefore tempting to speculate that A4 and poss- 
ibly E, may play a role in the maturation of the 
hypothalamus, the first significant increase in plasma 
A4 levels being determinant in the activation of the 
hypothalamic-pituitary-gonadal axis. It is interesting 
to note that plasma levels of LH and FSH show the 
first significant increase between 9 to 12 years of age 
in females and between 1 I to 14 years of age in males 
[ 1-4, 151. Therefore, the increment in plasma gonado- 
tropin levels occurs approximately l- 2 years after 
that of plasma A4 levels, and approximately at the 
same time as that of T and E,. 

Data obtained with males and females presenting 
with various disorders of sexual development seem 
to confirm the existence of a close correlation between 
the activity of the adrenal gland and the activation 
of the hypothalamic-pituitary-gonadal axis. In effect, 
a better correlation was found between the maximum 
LH increment during a LH-RH test and plasma levels 

of A4 in males, and between ALH and A4 or T in 
female patients than between ALH and T in males 
and ALH and EL in females. Since it is well known 
that the LH response to LH-RH is closely related 

to sexual maturation [16], it appears therefore that 

even in subjects presenting with abnormalities of sex- 
ual development, indices of adrenal activity have a 

better overall correlation with sexual maturation than 
indices of gonadal activity. 

In conclusion, data obtained with normal subjects 

and with subjects presenting with various disorders 
of sexual development seem to indicate that the 
adrenal gland is the first to be activated in the process 
of sexual maturation. In addition, all along this pro- 

cess. the activity of the adrenal gland, as indicated 
by the levels of A4 in males and A4 and T in females, 
is a better index of the different stages of pubertal 
development than gonadal steroids. These data seem 

to indicate that the adrenal gland plays a role in the 
triggering and the maintaining of sexual maturation. 
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