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SUMMARY 

Plasma levels of testosterone(T), estrone (E 1) and estradiol (E2) have been studied in 115 normal boys 5- 19 
years old and related to pubertal stages. The significance of pubertal changes is greater for T than for 
El and EZ, and the increase of T begins earlier than the increase of E2. 

Response to HCG, 3 x 1500 IU every other day, has been studied in 61 of these subjects. The increase 
of testosterone from basal to post-stimulatory levels (AT) goes up at the beginning of puberty but does 
not change further. AEI does not increase significantly during puberty. AE2 increases at late puberty. All 
normal prepubertal boys had a definite response of T to HCG, peak level being at least 1.60 q/ml. The 
number of injections of HCG and the duration of the stimulation are more important than the doses in- 
jected to obtain maximal Leydig-cell stimulation in prepubertal children. 

INTRODUCIION 
Plasma levels of testosterone and estrogens in pre- 
pubertal boys may correlate with both adrenal and tes- 
ticular activity. Stimulation with human chorionic 
gonadotropin (HCG), as first shown by Saez and Ber- 
trand[29], allows an evaluation of Leydig-cell secretory 
activity before puberty. The pubertal development of 
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terone level and to a lesser increase of plasma 
estrogens. The aim of this work is to study the pattern 
of development of Leydig-cell function during child- 
hood and puberty, as evidenced by the level of plasma 
testosterone and estrogens and their response to HCG 
stimulation. 

PATIENTS AND METHODS 

Basal levels of plasma testosterone and estrogens 
have been evaluated in 115 boys aged 5-19 years. All 
were normal, either healthy or referred for minor non- 
endocrine disturbances. HCG stimulation test has 
been effected in 61 of these subjects: 24 pre-pubertal 
boys, 30 boys in the course of puberty and 7 pubertal 
males. The circadian variation of piasma testosterone 
has been studied in 13 patients of the pre-pubertal 
group. 

The bone age of patients has been evaluated accord- 
ing to the Atlas of Greulich and Pyle[ 111. Their tes- 
ticular volume has been related to the volume of 
models in a testicular scale[tg]. The stages of pubertal 
development have been evaluated according to Tan- 
ner[36]. 

Blood was collected between 10 and 12 a.m., hepar- 
inized and centrifuged, plasma being immediately 
frozen at - 20°C. 

Plasma testosterone (T) was radioimmunologically 
assayed according to Leymarie et al.[19]. Rabbit anti- 
serum was obtained using testosterone-3-(O~arboxy) 
methyloxime-bovine serum albumin as antigen for im- 
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ence of Set-dihydrotestosterone in the radioimmunoas- 
say was minimal, as shown by comparison of the 
radioimmunoassay with mass spectrometry [S, 191. 
The precision of the method was calculated from 
duplicate determinations. The intra-assay precision 
was 10-O?/, at the Q06 ng/ml level for a single deter- 
mination using the same plasma, and 7.1% when the 
-method was run in duplicate. At the level of 2 n&ml. ~“, mm--Z 
the coefficients of variation mentioned above were re- 
spectively 9 and 6.4%. Concerning the inter-assay pre- 
cision, the coefficients of variation were for the first 
level 23.0 and 16.3%, and for the second level 17 and 
12.0%. The detection limit was 0~012ng/ml, when a 
2 ml aliquot of plasma was used. 

Plasma estrone (El) and estradiol (E2) were 
radioimmunologi~lly assayed according to the 
method of Castanier and Scholler[4] modified by use 
of microcolumns of Sephadex LH 20 (30 x 40 mm). 
Rabbit antiserum was obtained using 6-(0-carboxy) 
methyloxime-BSA as antigens. The inter-assay preci- 
sion. calculated from the determination of El (at a 
level of 36pg/ml), was 20% with duplicate and 28% 
with single evaluation of a 2 ml sample, lower limit of 
detection being 17 pg/ml. The inter-assay precision for 
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Fig. 1. Individual plasma testosterone levels, mean (M) and 
range in children and adolescents, 

E2 was 9,6”1; with duplicate, and 14:fd with single eva- 
luation (at level of 25 pg/ml), the lower limit of detec- 
tion being 8 pg/ml. 

Circadian variation of testosterone levels was stud- 
ied in 13 pre-pubertal boys, using a venous polythene 
catheter. and collecting blood at 8 and I I a.m., 2, 8 and 
12 p.m. the 1st day; 4 and 8 a.m. the 2nd day. 

HCG stimulation test was effected according to Per- 
heentupa et ~I.[251 with three intramuscular injections 
of HCC 1500 I.U. every other day, blood being col- 
lected at days 0 and 6, i.e. 24 h after the third injection. 
In six subjects the test was further set up to 9 x 
1500 I.U. every other day blood being collected after 

the third and ninth injection. 
Statistical analysis of the data was done using the 

tests of Wilcoxon[l3] and of Fischer and Yates@] for 
non-gaussian distributions. Confidence limits for esti- 
mating normal ranges were determined using non-par- 
ametric methods and Sommerville’s tables [35]. 

RESULTS 

Individual testosterone Ievels, mean value and range 
values according to age, are recorded in Fig. 1. 

Mean basal and post-stimulatory levels of T. E I and 
E2 (m F S.E.M.) and range of ~ndjvidu~~i values have 
been tabulated according to stages of pubertal devcl- 
opment and related to bone age and testicular volume 
(Table I). 

Basal testosterone levels at each pubertal stage dif-fer 
significantly from levels at the other stages, the signifi- 
cance being P < 0.01 from PI to P2. P2 to P3. PJ 
to P5 and P c 0% from P3 to P4. 

Basal values of El difkr at a low level of signifi- 
cance (P < 0.05) between state PI and the whole of 
following stages: the difference between stages P2 and 
P5 is not significant. 

Basal values of E2 increase significantly (P < 0.01) 
between stages P2 and P3, and this difference is main- 
tained. 

Circadian v~~riation of plasma testosterone in 13 pre- 
pubertal boys showed an increase in the values at 4 
and 8 a.m. (Fig. 2). However the fact that the mean 
value at 8 a.m. on the second day was higher than on 
the first day cannot be explained. 

Post-stimulator~~ testosterone levels after 3 x HCG 
1500 I.U. are recorded on Table 1 and Fig. 3. At each 
of the five pubertal stages, post-stimulatory levels differ 
significantly from basal levels (P < 091). In the pre- 
pubertal group (PI) the lower value of plasma testos- 
terone after simulation was I.60 ngiml at a confidence 
level of 907; (P = 0.10). From the pre-pubertal group 
PI to the group in early puberty P2. mean post-stimu- 
latory testosterone levels increased significantly 
(P < 0.01). But after the onset of puberty, i.e. from 
spdge P2 to stage P5. the increase of mean post-stimu- 
latory testosterone was small and no longer significant. 
Similarly, AT (the difference from basal to post-stimu- 
latory levels of testosterone) increased significantly 
from prepubertal to pubertal subjects (P < O-01) but 
remained unchanged from early to late puberty (Fig. 4, 
Table 3). 

In six normal pre-pubertal boys, plasma testoster- 
one was assayed once after three injections of HCG 
lSCOI.U. and again after nine injections. In five of 
them. the level after nine injections was much higher 
than after three injections (Table 3). 

Post-stimulatory values of El and E:! after 3 x 

Table 1. Basal and post-stimulatory levels 
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* Mean & S.E.M.. (range). n = number of subjects. 
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Fig. 2. Circadian variation of plasma testosterone in 11 pre- 
pubertal boys (mean f S.E.M.) 
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Fig. 3. Basal and post-stimulatory levels of plasma testos- 
terone (mean + S.E.M.) in prepubertal (PI) and pubertal 

(P2 to PS) boys. 

I-KG 1500 I.U. did not differ from basal values in pre- 
pubertal group PI. After the onset of puberty, response 
of El and E2 to HCG stimulation became significant: 

P c @05 at stages P2. P3, P4; P < 041 at stage P5. 
The increase of estrone after stimulation (AEl) did not 
differ significantly from one pubertal stage to the other. 
The increase qf estradiol (AE2) did not differ from 
stage PI to P2, P3, P4, but rose significantly (P < @05) 
from middle puberty (P3 and P4) to late puberty (PS) 
(Table 2). 

DISCUSSION 

The present study confirms that levels of plasma tes- 
tosterone in children and adolescent males correlate 
with pubertal development, testicular volume and 

Fig. 4. Increase: from basal to post-stimulatory levels of 
plasma testosterone (mean + S.E.M.) in prepubertal (PI) 

and pubertal (P2 to P5) boys. 

bone age. Mean values in this study are similar to 

those reported by August zf a/.[ I]. There are minimal 
differences with values reported by Winter et al. and by 

Frasier rt a1.[10, 39, 401 whereas lower values have 
been found in other studies on prepubertal and puber- 
tal boys[9, 12, 383. Although sampling of subjects may 
have been a factor of disparity it is probable that meth- 

odological differences were mainly responsible. 
Circadian variation of testosterone has been demon- 

strated in adult males [6,7,20,22,34]. A recent 
study [17] confirms that this variation in adults may be 

significant, with a peak of the mean levels of hourly in- 
tegrated testosterone concentrations at 67 a.m. Pres- 

ent data agree with a similar peak at 48 a.m. in prepu- 
bertal boys. However an adrenal stress induced by the 
study should account for the level at 8a.m. on the 
second day. higher than on the first day. 

Pre-pubertal mean values of plasma estrone and 

estradiol are somewhat higher in the present study 
than in other reported studies [ 14.30.391, and this 
may also be related lo technical differences. In the 
present method water blank value but no plasma 
blank value was substracted from the experimental 
value. This probably led to a slight overestimation of 
the oestrogen concentration during the first stages of 
pubertal development and thus could lessen a possible 
gradual increase in plasma levels. Saez and Ber- 
trand[30]. using corticotropic suppression with dexa- 
methasone and gonadotropic suppression with fuoxy- 
mestcrone, have demonstrated that in pre-pubertal 
children the main source of estronc is the adrenal cor- 
tex. In adult males. it has been evidenced by selective 
venous catheterizations that both adrenals [2] and tes- 

Table 2. Mean differences (+ S.E.M.) between basal and post-stiplulatory levels 

Pubertal 
stage PI P2 P3 P4 P5 

AT 3.17 f 0.43 6.78 f 1.03 6.98 + 1.37 7.42 k 2.04 6.74 f 0.93 
h/ml) (24)* (17) (9) (41 (7) 

AE, 16k 14 30 * 2 23+ 10 45 + 21 

(PfEd) (9) (8) (8) (6) 
(PI&) 3+2 12 f Y 14 + 6 67 f 14 

(9) (8) (8) (7) 

l Number of cases. 
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Table 3. Plasma testosterone after 3 x 1500 I.U. and 9 x 1500 1.1;. m b 
prepubertal boys 

Patients %a sa 1 
Plasma testosterone (ngjml) 

After 3 x 1500 After 9 x 1.500 

J.E. 0 IO 9.10 2 I .oo 
T.H. 0, I 5 3.45 Y.00 
P.P. 0. I:! I-60 7.40 
MB. 0, I I 4.65 5.05 
P.F. ().I:! 5.00 1044 
P.V. 0.29 7.34 9.35 

tes 13, 15.23.321 are sources of estrogens. Present data at any stage and AE2 increases at late puberty (P5). 
indicate that puberty in males increases plasma levels Thus, estradiol response to HCG seems a better index 
of El and E2. Thus, mean values at late puberty are of complete endocrine maturation of the testes than 
about twice pry-puberal mean levels and the differ- testosterone response. 
ence is significant. 

As suggested by many previous reports [lo, 25 Acknowlrdgrments- We are indebted to Dr. J. C. Bader and 
29,33,39,41] the present study demonstrates that, in Miss A. Schlumberger for helpful statistical assistance, 

normal pre-pubertal boys, HCG stimulation definitely 
increases plasma testosterone although the post-stimu- 
latory levels are not the same in these different studies. 
The number of injections, the doses injected and the 
duration of the test may be important factors in these 
discrepancies. Published studies report data obtained 
after one single injection [28, 33, 37,411. after three to 
five daily injections [Zl. 22,24,26- 28,31,39] or after 
three to seven injections on alternate days [lo, 25, 291. 
In these studies, the dose of HCG varied from 800 to 
5000 I.U. at each injection or from 1500 to 25,ooO I.U. 
cumulatively. and the time of biood sampling was vari- 
able. Such conditions do not allow direct comparison 
of results. 

In prepubertal boys, it appears that post-stimulatory 
testosterone levels are related to the duration of the 
test rather than to the doses of HCG injected. Using 
five injections of 80@5000i.U., Rivarola et al.. 
observed that the testosterone response in children was 
not dose-related [27]. A 3-day test with three daily in- 
jections of 2OOOI.U. in pre-pubertal males 1393 in- 
creased testosterone less than the 6-day test with three 
injections of 1500 I.U. on alternate days as in the pres- 
ent study. The preliminary data reported here suggest 
that nine injections every other day may lead to higher 
Leydig-cell stimulation in pry-pubertal testes than 
three injections. but this effect of time may be dose 
dependent: thus, it is greater with injections of 
20001.U. (39) than of 10001.U. [16]. 

Finally. it seems tlrat the Leydig-cell response to 
HCG stimulation in pre-pubertal boys is slower and 
weaker than in pubertal subjects. Optimal response of 
prepubertal testes needs more than one injection and 
probably spaced injections. ~~lxiinal response may 
require more than three injections. 

Calculation of the A values of testosterone and 
estrogens at different stages of pubertal development 
permits an evaluation of Leydig-cell maturation, In the 
conditions of the present study, AT rises at the begin- 
ning of puberty but does not increase further after 
stage P2, whereas AE I does not increase si~nifi~antIy 
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