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in vitro Testicular Steroidogenesis in Hamster
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Adult hamsters were exposed to short-photoperiod, and injected with either
somatotropin (GH), somatostatin (GHRIH), or saline for eight weeks. Hamster
testis fragments of similar size were incubated with or without hCG. No significant
differences in the basal media testosterone and estradiol levels were observed among
groups. Treatment with GH potentiated the hCG-dependent increase in media
testosterone. Contrary to what was expected, treatment with GHRIH did not only
not reduce the hCG-related elevation in media testosterone, but even produced a
numerical increase of it. Treatment with GHRIH potentiated the hCG-dependent
increase in media estradiol, whereas treatment with GH produced only a numerical
increase of the response. Furthermore, the combined exposure to GHRIH and hCG
appeared to cause an increase in the efficiency of testicular aromatase. Since previous
data indicated that the combined deficiency of lactotropic and somatotropic actions
severely impairs testicular steroidogenesis, treatment with GHRIH should have
caused further steroidogenic impairment in hamsters exposed to short-photoperiod.
Since this does not appear to be the case, it could be postulated that GHRIH has a
direct stimulatory or at least a protective effect on testicular steroidogenesis.
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Although much is known about the
effects of prolactin (PRL) on the gonads,
less is known about the effects of other
lactotrophic hormones on the reproduc­
tive system. Furthermore, the soma­
totrophic axis appears to be more complex
than the lactotrophic axis, since most of
prolactin effects are direct, but not so for
somatotropin. The somatotrophic axis
includes hypothalamic, pituitary, placen­
tal, and target organ components. Soma­
toliberin (GHRH; growth hormone
releasing hormone) and somatostatin
(GHRIH; growth hormone release
inhibiting hormone) constitute the hypo­
thalamic component. Somatotropins
(GH; growth hormone) I and II, together
with the GHRH (GHRH-R) and
GHRIH (SST-R) receptors constitute the
pituitary component. GH I and II,
together with chorionic somatomam­
motropins (CSH: placental lactogen)
I and II, constitute the placental compo­
nent. The target organ component
includes both circulating and cellular mol­
ecules. These are somatomedins (IGF)
I and II, somatotropin (GH-R),
somatomedin (IGF-R) and somatostatin
(SST-R) receptors, somatotropin (GHBP)
and somatomedin (IGFBP) binding pro­
teins, somatocrinins (GHRH-like pep­
tides or peripherally synthesized GHRH),
and somatostatin. Somatotropin stimu­
lates testicular function directly and/or
through the action of IGF-I synthesized
by the liver (24,25, 30, 33). Production of
a somatocrinin, of larger molecular weight
than hypothalamic GHRH, has been
detected in rat germ cells (10, 12, 31, 37,
40) and in mouse testis (38). Somatoliberin
appears to be produced in human and rat
Leydig cells, and in rat germ cells (12, 14,
31). Less is known about GHRIH, except
that it is produced throughout the male
reproductive tract, including the Leydig
cell (30, 33).

Human GH has been shown to have
potent lactogenic activity (15, 18, 19, 22).
Thus, treatment with hGH is perceived by
rodents as administration of both PRL
and GH, and should have similar effects as
those seen in hyperprolactinemia, which
stimulates testicular function in Syrian
hamsters (5). In contrast, exposure to
short-photoperiod induces hypopro­
lactinemia and decreases both the in vivo
and in vitro testicular steroidogenic
responses to hCG (3, 9), without affecting
GH or IGF-I levels in male hamsters (23,
27).

Therefore, the present experiment was
undertaken to compare the effects of
increased GH levels in hyperprolactine­
mic hamsters versus those of decreased
GH levels in hypoprolactinemic ones.

Materials and Methods

Adult (9 week old) male BIO FiB Syr­
ian hamsters (Mesocricetus auratus) from
BioBreeders (Watertown, Mass), were
housed in polycarbonate cages with filter
tops, with free access to food and water,
with controlled temperature (22 ± 2 °C)
and short photoperiod (SPP) illumination
(< 12.5 h light/24 h).

Hamsters were divided into three
groups of six each. The first group served
as control, and animals received no treat­
ment. The second group was injected s.c.
with 0.1 pg hGH/g twice a week for four
weeks, then with 0.11 pg hGH/g twice a
week for another two weeks and, finally,
with 0.12 pg hGH/g twice a week during
the last two weeks. The third group was
injected s.c. with 2.5 pg GHRIH/g twice a
day for eight weeks.

At the end of the treatment period,
hamsters were sacrificed by exsanguina­
tion under anesthesia (100 pg pentobarbi-
tal/g). Testes were collected, decapsulated,
weighed, and two fragments of similar 
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size were obtained. These testis fragments
were then incubated with either 0 or 12.5
mIU hCG/ml media for 4 h at 32 + 1 °C
in Krebs-Ringer bicarbonate buffer (1 mg
glucose/ml media) using a 95 % Oa:5 %
CO2 atmosphere (17, 41).

Incubation media testosterone and
estradiol levels were determined by solid­
phase radioimmunoassay using kits
(Diagnostic Products Corporation, Los
Angeles, Ca) with 125I-steroid tracers, and
anti-steroids antibody-coated polypropy­
lene tubes. Because these kits use a stan­
dard curve based on human serum, paral­
lelism between the standard curve and a
curve made up by different volumes from
a pool of Syrian hamster testes incubation
media was determined and confirmed
(testosterone: standard curve: slope (m) =
-1.688, Y intercept (Y1) = 0.425, and cor­
relation coefficient (r) = -0.999; incuba­
tion media: m = -1.692, Y1 = 0.431, and r =
-1.000; estradiol: standard curve: m =
—1.831, Y1 = 4.047, and r = -1.000; incuba­
tion media: m = -1.846, Y1 = 4.055, and r
= -1.000).

Data from the RIAs were obtained
using the RIAPLOT and RIADOSE pro­
grams (4). Data were evaluated by two-
way analysis of variance (ANOVA) using
the SPSS-X software on an IBM main­
frame (29). For the ANOVA, data were
tested for normality of distribution by the
Kolmogorov-Smirnov test and for homo­
geneity of variance by Barlett’s test, and
log- or square-root transformed as needed
(29, 35).

Results

No significant differences in the basal
testicular incubation media testosterone
concentration were detected among the
three groups of animals. Treatment in
vivo with human somatotropin caused
media testosterone concentrations to
increase, in response to the exposure in

Table I. Testicular incubation media testosterone
and estradiol concentrations as functions of the

in vivo and in vitro treatments.
Values are expressed as mean ± SEM for the six
testis fragments per point. Points with a letter
in superscript in common are not significantly
different (P > 0.05; Student-Newman-Keuls

procedure of the multiple range test).

Treatment
Group

Testosterone
(pg/mg testis)

Estradiol
(pg/g testis)

Control+saline 28.58±5.39a 0.32±0.15x
Control+hCG 113.44 ±22.711x3 4.50±2.43xy
hGH+saline 37.30±5.89a 1.75±1.45x
hGH+hCG 276.12±131d 13.76±7.10yz
GHRIH+saline 19.28±4.18a 0.80±0.51x
GHRIH+hCG 189.51 ±47.57cd 11.72±3.56z

vitro to hCG, to levels twice those
observed in untreated hamsters (table I).
Also, contrary to what was expected,
treatment in vivo with somatostatin did
not only not reduce the in vitro testos­
terone response to hCG, but actually a
numerical increase in this response was
observed in somatostatin-treated hamsters
when compared to untreated animals
(table I).

No significant differences in the basal
testicular incubation media estradiol con­
centration were detected among the three
groups of animals. Treatment in vivo with
either human somatotropin or somato­
statin increased media estradiol concen­
trations. Again, contrary to what was
expected, treatment in vivo with somato­
statin had a stimulatory effect on the
estradiol response to hCG (table I).

Discussion

The working hypothesis for the present
experiment assumed that, in hamsters
with elevated somatotropic and lactotrop­
ic activity (hGH-treated), testicular func­
tion would be stimulated as observed in
hGH transgenic mice (6). It also assumed 
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that, in hamsters with reduced soma­
totropic and lactotropic activity
(GHRIH-treated SPP animals), testicular
function would be impaired at least due to
the reduction of PRL (3, 9). In these ani­
mals, the reduction of GH was expected
to further impair gonadal function based
on data obtained from PRL/GH deficient
dw/dw and df/df mice, from GHRH
receptor deficient lit/lit mice, and from
IGF unresponsive pg/pg mice. In all of
these models, which have deficient soma­
totropic axes, testicular steroidogenesis
was impaired (1, 2, 7). Also, passive
immunization against GHRH, delayed
puberty in rats (8).

The present results do support the first
hypothesis that increased somatotropic
and lactotropic activity potentiates testic­
ular steroidogenesis. Although, basal
testosterone and estradiol productions
were not affected, hCG-stimulated syn­
thesis was greatly potentiated, especially
where testosterone was concerned. This
effect of hGH is probably due to the com­
bined stimulatory effects of high PRL (5),
of the GH-induced increase in IGF-I syn­
thesized by the liver (21, 24, 25, 32, 36),
and of the direct gonadotropic action of
GH (11, 21, 34, 39).

Our second hypothesis was not sup­
ported by the present results. Since SPP
hamsters have reduced PRL levels, and
treatment with GHRIH reduces GH lev­
els, there should have been impaired tes­
ticular steroidogenesis. However, our SPP
GHRIH-treated hamsters had not only a
statistically normal steroidogenic response
to hCG, but it was numerically better for
testosterone, and statistically better for
estradiol, when compared to control ani­
mals. Therefore, a factor in these hamsters
must have counteracted the effects of the
lack of GH. Since GHRIH has been
shown to be produced by Leydig cells,
and treatment with GHRIH was the only
variable introduced in this group of ani­

mals, it would be safe to propose that in
GHRIH-treated hamsters, GHRIH in
addition to decreasing GH levels, is capa­
ble of having a direct stimulatory or pro­
tective effect on the Leydig cell. The pre­
sent results indicate a direct effect of
GHRIH on testosterone synthesis, and its
effect on estradiol synthesis is probably a
result of this. However a direct effect of
GHRIH on aromatase could not be dis­
counted since the combined exposure to
GHRIH and hCG appeared to increase
the efficiency of aromatase.

Since GHRIH is produced by the Ley­
dig cell (30, 33), and other members of the
somatotrophic axis are also produced in
the testis (10-12, 14, 16, 24-26, 31, 37, 40)
it could be that GHRIH also plays a role
in regulating gonadal function. Thus, we
propose that Leydig cell GHRIH is part
of a group of autocrine/paracrine factors
that support steroidogenesis, and that, like
other members of the somatotrophic axis
(GHRH, GH and IGF-I) it is a positive
regulator of Leydig cell function (14).
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Se estudian en hamster, bajo un regimen de
fotopenodo corto, los efectos de inyecciones
de somatotropina (GH), somatostatina
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(GHRIH) o solucion salina, durante ocho
semanas. Posteriormente se incuban fragmen-
tos testicularcs en presencia o ausencia de
hCG. Los niveles basales de testosterona y
estradiol no varfan significativamcnte en el
medio de ninguno de los grupos. El tratamien-
to con GH potencia el efecto de la hCG sobre
los niveles de testosterona en el medio. El
tratamiento con GHRIH no inhibe el efecto de
la hCG, como se esperaba, si no que tiende a
producir aumento numerico en los niveles de
testosterona. El tratamiento con GHRIH
potencia el efecto de la hCG sobre los niveles
de estradiol en el medio, mientras que la GH
solo produce un aumento numerico en los
niveles de estradiol. La combinacion de
GHRIH y hCG parece aumentar la eficacia de
la aromatasa testicular. Dado que datos publi-
cados anteriormente indican que la deficiencia
combinada de las acciones somatotropicas y
lactotropicas inhiben severamente la este­
roidogenesis testicular, el tratamiento con
GHRIH deberfa haber tenido un efecto nega­
tive aun mayor sobre la esteroidogenesis en
hamsters expuestos a un fotopenodo corto.
Los resultados aqui presentados demuestran lo
contrario, por lo que se postula que la GHRIH
puede estimular directamente la esteroidogene­
sis testicular o, cuando menos, ejercer una
accion protectora.
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