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SUMMARY

Plasma levels of testosterone (T), estrone (E1) 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
E!l and E2, 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. AE1 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 160 ng/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,

INTRODUCTION

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
the Leydig-cells leads to a high spurt of plasma testos-
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
bave 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 plasma 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[11]. Their tes-
ticular volume has been related to the volume of
models in a testicular scale[18]. The stages of pubertal
development have been evaluated according to Tan-
ner[36].
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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-(0-carboxy)
methyloxime-bovine serum albumin as antigen for im-
munization. Over-estimation of the results by interfer-
ence of Sx-dihydrotestosterone in the radioimmunoas-
say was minimal, as shown by comparison of the
radioimmunoassay with mass spectrometry [5, 19].
The precision of the method was calculated from
duplicate determinations. The intra-assay precision
was 1009 at the 0-06 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 ng/ml,
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 16-39;, and for the second level 17 and
12-0%,. The detection limit was 0-012 ng/ml, when a
2 mi aliquot of plasma was used.

Plasma estrone (El) and estradiol (E2) were
radioimmunologically 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 36 pg/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



96 R. SCHOLLER ¢t al.

ng /mi

Testo. plasma,

Age

Fig. I. Individual plasma testosterone levels, mean (M) and
range in children and adolescents,

E2 was 9-6%, with duplicate, and 14%, 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 §and {1 a.m,, 2, 8 and
12 p.m. the Ist day; 4 and 8 a.m. the 2nd day.

HCG stimulation test was effected according to Per-
heentupa et al.[25] with three intramuscular injections
of HCG 1500 LU. every other day, blood being col-
lected at days O and 6, i.e. 24 h after the third injection.
In six subjects the test was further set up to 9 x
1500 LU. every other day blood being collected after
the third and ninth injection.

Statistical analysis of the data was done using the
tests of Wilcoxon[13] and of Fischer and Yates[8] 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 levels, mean value and range
values according to age, are recorded in Fig. 1.

Mean basal and post-stimulatory levels of T. EI and
E2 (m + S.EM.) and range of individual values have
been tabulated according to stages of pubertal devel-
opment and related to bone age and testicular volume
(Table 1).

Basal testosterone levels at each pubertal stage differ
significantly from levels at the other stages, the signifi-
cance being P < 0:0! from Pl to P2, P2 to P3. P4
to P5 and P < 005 from P3 to P4.

Basal values of El differ at a low level of signifi-
cance (P < 0-05) between state P1 and the whole of
following stages: the difference between stages P2 and
P35 is not significant.

Basal values of E2 increase significantly (P < 0-01)
between stages P2 and P3, and this difference is main-
tained.

Circadian variation of plasma testosterone in 13 pre-
pubertal boys showed an increase in the values at 4
and 8a.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-stimulatory testosterone levels after 3 x HCG
1500 LU. are recorded on Table 1 and Fig. 3. At each
of the five pubertal stages, post-stimulatory levels differ
significantly from basal levels (P < 0-01). In the pre-
pubertal group (P1) the lower value of plasma testos-
terone after simulation was 1-60 ng/ml at a confidence
level of 90% (P = 0-10). From the pre-pubertal group
P1 to the group in early puberty P2, mean post-stimu-
latory testosterone levels increased significantly
{P < 0-01). But after the onset of puberty, ie. from
stage P2 to stage PS5, 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 < 0:01) but
remained unchanged from early to late puberty (Fig. 4.
Table 2).

In six normal pre-pubertal boys, plasma testoster-
one was assayed once after three injections of HCG
1500 LU. 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 E2 after 3 x

Table 1. Basal and post-stimulatory levels

Testicular
Pubertal Bone age volume® Basal plasma levels* Post-stimulatory plasma levels®
stage (ycarsp* {mh T t{og/ml} El(pg/ml) E2{pg/ml) T {ng/mi) Ef{pg/mh E2{pg:mii
85 + 04 35402 014 + 002 40 4+ 6 17+ 4 337 + 043 63 + 12 24 + 10
i (0-05-0-60) {17-70) {850y 11-56 9:30n {26- 143) {8.112)
n o= 44 #n o= 44 n o= 42 "o 14 nw= 14 "= 24 n = 10 a =10
126 + 02 59 + 04 065 £ 009 S6+ 8 17+2 746 + 106 83+ it 40+ 9
2 {19 1951 (17-94) (8- 33 {24 1850 49- 13y (1481
n =28 =28 n =28 n= 14 n= 14 n= |7 no= R n=%
133 + 02 %1+ 08 191 + 028 57+ 6 4+ 918 + 125 81+ 9 47+ 7
3 (082 &) (40 80y (1 60y 47 175 166 9¥) (30- 70y
o= 14 n o= t4 =14 i K n=9 n=9 n=0 n==6
145 4 03 103 + 06 292 4+ 038 48 + 9 24+ 5 P69 + 268 108 a6
4 (1152 {17-8%} {11 48y 57478 183 133 {18 75)
n=1i3 =13 e 1 #oa= T =7 I n=2 n=13
156 + 0-3 137 4 07 466 4 0-58 77 4 21 33405 1086 + 035 104 4 24 38 4 14
5 (1:2-8) 44240 (10 38} (9-70- 12-00) (66- 220y (61-145)
n =16 =16 n= 14 o= 0 n=7 n=7

ne= 10

n=1=06

* Mean 1 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 + S.E.M.)
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Fig. 3. Basal and post-stimulatory levels of plasma testos-
terone (mean + S.E.M.) in prepubertal (P1) and pubertal
(P2 to PS5) boys.

HCG 1500 I.U. did not differ from basal values in pre-
pubertal group P1. After the onset of puberty, response
of E1 and E2 to HCG stimulation became significant:
P < 005 at stages P2, P3, P4; P < 001 at stage PS.
The increase of estrone after stimulation (AE1) did not
differ significantly from one pubertal stage to the other.
The increase of estradiol (AE2) did not differ from
stage P1 to P2, P3, P4, but rose significantly (P < 0-05)
from middle puberty (P3 and P4) to late puberty (PS5)
(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
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Fig. 4. Increase from basal to post-stimulatory levels of
plasma testosterone (mean + S.E.M.) in prepubertal (P1)
and pubertal (P2 to PS) boys.

bone age. Mean values in this study are similar to
those reported by August ¢t al.[1]. Therc are minimal
differences with valucs reported by Winter et al. and by
Frasier et al.[10, 39, 40] whereas lower values have
been found in other studies on prepubertal and puber-
tal boys[9, 12, 38]. 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 6-7 a.m. Pres-
ent data agree with a similar peak at 4-8 a.m. in prepu-
bertal boys. However an adrenal stress induced by the
study should account for the level at 8 a.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, 39], and this
may also be related to technical differences. In the
present method water blank value but no plasma
blank value was substracted from the cxperimental
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 fluoxy-
mestcrone, have demonstrated that in pre-pubertal
children the main source of estrone 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-stipnulatory levels

Pubertal
stage P P2 P3 P4 PS
AT 317 + 043 678 + 1-03 698 + 1-37 742 + 2:04 674 + 093
(ng/ml) (24) (17 9 4) (N
AE, 16 + 14 30+ 2 23+ 10 45 + 21
(pg/ml) 9 (8) (8) (6)
AE, 3+2 12+9 14+ 6 67 + 14
(pg/mi) )] (8) (8) 7

* Number of cases.
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Table 3. Plasma testosterone after 3 x 1500 LU. and 9 x {500 LU, in &
prepubertal boys

Plasma testosterone {ng/ml)

Patients Basal After 3 x 1500 After 9 x 1500
JE. 0-19 910 21-00
T.H. 015 345 9-00
P.P. 012 1-60 7-40
M.B. o017 465 505
P.F. 12 500 1044
PV. 029 734 9-35

tes [3, 15, 23. 32] are sources of estrogens. Present data
indicate that puberty in males increases plasma levels
of El and E2. Thus, mean values at late puberty are
about twice pre-pubertal mean levels and the differ-
ence is significant.

As suggested by many previous reports [10, 25~
29, 33,39, 417 the present study demonstrates that, in
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, 41], after three to
five daily injections [21.22, 24, 26-28 31, 39] or after
three to seven injections on alternate days [10, 25, 29].
In these studies, the dose of HCG varied from 800 to
5000 LU. at each injection or from 1500 to 25,000 L.U.
cumulatively, and the time of blood sampling was vart-
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 800-50001U. 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 20001.U. in pre-pubertal males[39] in-
creased testosterone less than the 6-day test with three
injections of 1500 LU. 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 pre-pubertal testes than
three injections, but this effect of time may be dose
dependent: thus, it is greater with injections of
2000 I.U. (39) than of 1000 LU.[16].

Finally. 1t seems that 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. Maximal 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[ does not increase significantly

at any stage and AE2 increases at late puberty (P95).
Thus, estradiol response to HCG seems a better index
of complete endocrine maturation of the testes than
festosterone response.
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