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ABSTRACT. There is accumulating evidence that in adult 
men excessive amounts of gonadotropins induce testicular 
desensitization to further gonadotropin stimulus. We eval­
uated the effects of endogenous gonadotropins and of re­
peated doses of exogenous human chorionic gonadotropin 
(hCG) on steroidogenesis by studying prepubertal and pub­
ertal boys. The boys received either two intramuscular 
injections of hCG 4 days apart (protocol I) or four injections 
at 3- to 4-day-intervals (protocol II). In protocol I, serum 
testosterone, 17 a-hydroxyprogesterone, and estradiol were 
measured basally and for 6 days after the second injection, 
and in protocol II, before each injection and 4 days after 
the last injection. In the prepubertal-boys, serum testoster­
one increased from very low basal levels to 10.3 (protocol 
I) and 8.3 nmol/liter (protocol II). In protocol I the increase 
after the first injection was 64-fold and in protocol II there 
was an increase after each injection to a final level 144-
fold of the basal. No significant changes were seen in the 
estradiol levels. In the pubertal boys at genital stage G2, 
the serum testosterone levels increased after the first two 
injections, but at genital stage G3, the levels increased only 
after the first injection. Maximal testosterone increases 
were 27- and 8-fold, respectively. In pubertal boys estradiol 
levels increased progressively throughout the stimulation. 
The major testosterone response was seen after the first 
dose of hCG and repeated doses, at least in the pubertal 
boys, increased estradiol but not testosterone levels, thus 
causing an estrogen-mediated 17 ,20-lyase block. We there­
fore suggest that a single-dose hCG test deserves further 
evaluation for diagnostic use. (Pediatr Res 19: 1-4, 1985) 

Abbreviations 

APECED, a uti m-. mune polyendocrinopathy-candidosis-ec-
todermal dy Jphy 

E2, estradiol 
hCG, humaa chorionic gonadotropin 
170HP, 17 a-hydroxyprogesterone 
T, testosterone 

Chorionic gonadotropin test is a valuable clinical aid in the 
evaluation of Leydig cell function and, indirectly, pituitary go­
nadotropin secretion ( 11, 19). 
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I 

Excessive amounts of gonadotropins are known to desensitize 
steroidogenesis in the rat and in adult men (5, 6, 8, 10, 15, 16, 
22). This is a complex process which includes a decrease in the 
activities of 17 a-hydroxylase and 17 ,20-lyase enzymes and an 
accumulation of steroid intermediates, such as progesterone and 
170HP (6, 8, 15). The enzyme inhibition is thought to be 
mediated through the sequence of stimulation of aromatase by 
the gonadotropins, increased Erproduction, and occupation of 
estrogen receptors in the Leydig cells ( 4, 16). In man, acquisition 
of the E2-synthesizing capacity appears at puberty (25, 26), and 
is possibly induced by the gonadotropins. 

At present little is known about the kinetics of the steroido­
genic response to repeated doses of hCG in boys (9). It is of 
particular interest, because current protocols for diagnostic hCG 
stimulation test include massive and repeated doses ofhCG (11, 
12, 19-21 ). In the present study, we investigated 1) whether 
repeated hCG injections might induce the E2 response and 
enzyme inhibition in prepuberty and 2) how the pubertal ap­
pearance of E2-synthesizing capacity changes the steroidogenic 
response to hCG. 

MATERIALS AND METHODS 

Subjects. We studied 41 boys, ages 0.6 to 17.4 yr (Table 1). 
Thirty-two boys had heen referred to us because of suspected 
incomplete descent of the testis, in 17 unilateral and in 15 
bilateral. In the bilateral cases all testes proved to be retractile. 
In the unilateral cases three testes were initially nonpalpable. All 
the palpable testes were of normal size ( 13) and consistency. 
Seven other boys had constitutional delay of puberty: sponta­
neous puberty, testes of normal size for bone-age (27), and bone­
age lag of at least 2 yr. They were all followed until diagnosis 
was clinically certain. Two boys with normal puberty had 
APECED (18). Twenty-five boys were prepubertal (group P1), 
10 were at genital stage 2 (group P2) and six were at genital stage 
3 (group P3) (24). None had received hormonal therapy. The 
study was approved by the Ethical Committee of the Hospital. 

Protocols. We previously reported the steroidogenic response 
to a single dose of hCG in prepubertal and early pubertal boys 
(25) (Fig. 1). We now complete our study with two protocols of 
repeated hCG injections. In protocol I, two intramuscular injec­
tions of 5000 IU/1.7 m2 of hCG were given at 0800 h 4 days 
apart. Blood was obtained immediately before both injections, 
and 4 h and 1, 2, 4, and 6 days after the second injection. In 
protocol II, four intramuscular injections were given, on days 0, 
4, 7, and I 0. Blood was sampled immediately before each injec­
tion and 4 days after the last one. 

Methods. The sera were stored at -20° C until analyzed. 
170HP and T were quantified by radioimmunoassay after chro­
matography on Lipidex-5000 (2) and E2 after chromatography 
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Subject 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

Table I. Clinicalfindings 

Protocol 

II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

Genital 
stage 

I 
I 
2 
2 

I 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 

Age 
(yr) 

0.6 
0.7 
1.1 
1.1 
3.5 
4. 1 
4.2 
5.1 
6.1 

11.3 
13.7 

1.1 
1.1 
1.2 
1.3 
1.3 
2.4 
3.5 
4.6 
5.1 
5.4 
7.5 
8.6 
8.9 
9.2 

12.3 
12.4 
12.4 
12.4 
12.6 
13.0 
14.1 
14.2 
14.7 
14.7 
13.9 
13.9 
14.7 
15.7 
16.5 
17.4 

Diagnosis* 

S/1 
1/S 
R/R 
1/S 
R/R 
1/S 
R/R 
1/S 
R/R 
S/1 
Delay 

S/1 
-IS 
S/1 
1/R 
S/-
R/R 
R/R 
S/1 
R/R 
R/R 
-IS 
1/S 
R/R 
R/R 
R/R 
1/S 
S/1 
S/1 
APECEDt 
R/R:j: 
Delay 
R/R:j: 
Delay 
APECED 
Delay 
Delay 
R/R:j: 
Delay 
Delay 
Delay 

*Site of the testes, left/right. S, scrotal; R, retractile; I, inguinal. 
t Both patients had only adrenocortical insufficiency. 
:j: Spontaneous descent of the testes occurred after the onset of puberty. 

on Sephadex LH-20 (1). The same methods were used in our 
previous study (25). 

Statistics. The data were analyzed by BMDP computer pro­
grams (7). The means were comapred by Student's t test for 
independent and dependent samples (program 3D) and by gen­
eral univariate and multivariate analysis of variance (program 
4V). Because of positive skewness of the distributions, all calcu­
lations were made after logarithmic transformation. 

Concentration values in nmoljliter (pmol/liter) may be con­
verted to ng/dl (pg/ml) by multiplying by 28.8 (T), 33.0 ( 170HP), 
or 0.27 (E2). 

RESULTS 

As no differences were observed in the basal or stimulated 
serum steroid levels between the boys with retractile testes or 
APECED and those with incomplete testicular descent the results 
were pooled for the final analysis. 

Figure 1 gives the results from our previous study (solid circles) 
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Fig. I . Protocol I. The effect of two injections of hCG (arrows) on 
serum concentrations (mean± SE) of testosterone (nmol/liter), estradiol 
(pmol/liter) and 17 a-hydroxyprogesterone (OHP nmol/1iter) in boys at 
genital stage I (GI , n = 9) (-)and (G2, n = 2) (---).Blood samples 
were obtained before the injections and for 6 days after the second 
injection. Previous findings {Ref. 25) after an identical first dose of hCG 
are shown (solid circles). The asterisks between the curves indicate 
significant differences between the genital stages I and 2, and those above 
the baseline significant differences from the basal level, lower row, G I; 
upper row, G2. Concentration values in nmol/liter (pmol/Iiter) may be 
converted to ng/dl (pg/ml) by multiplying by 28.8 (testosterone), 33.0 
(OHP), or 0.27 (estradiol). *, p < 0.05; **, p < 0.0 I; ***, p < 0.00 I. 

ofT, E2, and 170HP responses to an identical (first) dose of hCG 
(25). In that study, a slow (compared with adult) but very strong 
serum T response was seen in both the prepubertal and pubertal 
boys. In the prepubertal boys, serum E2 and 170HP concentra­
tions decreased for 6 to 12 h returning to basal levels within 4 
days, whereas in the pubertal boys, E2 levels were elevated for I 
day after the injection and 170HP for 4 days. 

Protocol I (Fig. 1). The first injection of hCG induced a very 
strong serum T response in both groups of boys, the mean 
concentrations being 10.3 (prepuberty) and 16.8 (early puberty) 
nmol/liter. The second injection brought about a further rise to 
mean maxima of 14.5 and 31.5 nmol/liter (p < 0.01 and NS, 
compared with the 4th day level), respectively, 2 to 4 days after 
the injection. None of the boys showed the adult-type rapid T 
response 4 h after the second injection (data not shown). In 
group PI, in contrast to the first injection, E2 levels were elevated 
I day (p < 0.05) after the second injection and 170HP levels, 
instead of decreasing as after the first injection, showed a slight, 
but not significant tendency to increase for 4 days. In the two 
early pubertal boys the second injection caused the E2 levels to 
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increase as did the first injection. 170HP levels were already 
elevated at the time of the second injection and remained above 
the prepubertal levels for 2 days thereafter. 

Protocol II (Fig. 2). At all three pubertal stages studied, the 
main serum T increase was seen after the first injection, 8.6, 
14.9, and 31.4 nmol/liter, or 64-, 13-, and 5-fold the basal levels 
in groups PI, P2, and P3, respectively. In group PI the T 
responses to the remaining injections caused a further increase 
in the T levels, whereas in groups P2 and P3 almost maximal 
levels were obtained after the second injection (Fig. 3). The 
maximal serum T concentration was attained first in group P3, 
next in group P2, and last in group Pl. In groups PI and P2 the 
maximum T levels were 17.3 and 28.8 nmol/liter or 2.2-fold the 
level reached after the first injection. In group P3 the maximum 
T level was 47.9 nmoi/Iiter or 1.5-fold the level after the first 
injection. The difference was not significant. 

In group P 1 E2 levels were not affected by the two first 
injections but increased after the third injection (P < 0.05). In 
this group 170HP levels showed a tendency to increase, finally 
reaching a level significantly above the basal (p < 0.001). In 
groups P2 and P3, E2 levels, in contrast to T levels, increased 
after each injection. The 170HP levels increased only after the 
two first injections and remained elevated thereafter. 
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Fig. 2. Protocol II. The effect of four injections ofhCG (arrows) given 

m days 0, 4, 7, and 10 on serum concentrations (means ± SE) of 
estosterone (nmol/liter), estradiol (pmoljliter), and 17 a-hydroxyproges­
erone (OHP, nmol/liter) in boys at genital stage I (01 , n = 16) (--), 
G2, n = 8) (---), and (G3, N = 6) (-·-). Blood was obtained before 
ach injection and 4 d after the last injection. The asterisks above the 
>aseline indicate significant differences from the basal level, for stage G I 
bottom row), G2, and G3 (upper row). *,p < 0.05 ; *"', p < 0.01 ; *** p 
: 0.00 I. 
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Fig. 3. The effect of four injections ofhCG given on days 0, 4, 7, and 
10 on serum testosterone and estradiol levels relative to the basal 
level in boys for genital stage I (Gl) (-), (02) (----), and (G3) 
(-·-·-·-). 

DISCUSSION 

For ethical reasons, we could only study boys with an evident 
or suspected abnormality and our groups may therefore not be 
completely representative of normal boys. The basal serum T, 
170HP, and E2 levels were not, however, different from those 
reported for normal boys (3, 17). 

The present study clearly showed that in both prepuberty and 
early puberty the relative T response was stronger to the first 
injection of hCG. In the steroidogenic pattern the prepubertal 
boys were clearly different from the pubertal boys. The relative 
sensitivity of the response to the first dose of hCG was signifi­
cantly greater than that of the pubertal boys. Moreover, each 
injection of hCG clearly increased their serum T levels. As 
previously reported the prepubertal steroidogenic response to a 
single dose of hCG is fundamentally different from the adult­
type of response (25). The prepubertal boys have a slow but 
strong T response and no E2 or 170HP responses. In the present 
study we found a small serum E2 response I day after the second 
injection of hCG (protocol I) and a steady increase in 170HP 
during the four-injection course (protocol II). This suggests a 
slow induction of Leydig cell E2 synthesis with only slight con­
secutive inhibition of 17 ,20-lyase. The early pubertal boys studied 
with protocol I already had elevated 170HP levels after the first 
injection and a marked E2 response accompanied by increasing 
!70HP levels after the second injection. This is compatible with 
our previous report (25) that in early puberty significant E2 and 
170HP responses occur after a single dose of hCG and suggests 
that the 17 ,20-lyase inhibition was thus induced by the first 
injection. In protocol II repeated doses of hCG were ineffective 
in causing a further rise in serum T but they did progressively 
increase E2 levels, which is compatible with an estrogen-mediated 
augmentation of a I 7 ,20-lyase block. 

It appears that the full inhibitory effect of E2 on T synthesis 
only develops by puberty, and cannot be induced with prolonged 
hCG stimulation in prepuberty. Increased pubertal gonadotropin 
activity might have a priming effect on steroidogenesis, perhaps 
due to the stimulatory effect of the gonadotropins on aromatase 
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activity ( 15, 23). In our study, the relative T response decreased 
as the E2 and 170HP responses increased. This may also reflect 
the negative testicular short-loop feed-back inhibition of E2 on 
androgen production. The absolute increases in serum T were 
smallest in prepuberty, which may reflect the small mass of 
potential Leydig cells (14). 

Several protocols have been used for diagnostic hCG tests in 
boys all including repeated doses (II, 12, 19-21 ). Since a single 
dose of hCG is sufficient to stimulate the Leydig cells in boys 
and, as shown in the present study, repeated injections may cause 
enzyme inhibition in prepuberty and definitely after the onset of 
puberty, we suggest that a single-dose hCG test deserves further 
evaluation for diagnostic use. 
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