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SUMMARY

Previously, we described the presence of a factor obtained
from a 105,000 x g supernatant of rat testis that was found to
inhibit human chorionic gonadotropin (hCG) binding to gonadal
receptors. In the present study, similarly prepared testicular
extract was tested for its effects on in vitro hCG-stimulated
testosterone production by isolated testis interstitial cells and for
its effect on spontaneous ovulation in the rat. Incubation of
interstitial cells with charcoal-treated extract significantly inhibited
the steroidogenic response to hCG in a dose-related manner. This
inhibition was also apparent after heating the extract for 10 min at
100°C. Preincubation of the cells with charcoal-treated extract
resulted in an inhibitory effect that was not readily reversed by
subsequent addition of hCG, revealing an element of irreversibility
in the mechanism of inhibition. A single i.p. injection of testicular
extract given between 1430-1630 h of proestrus inhibited spontane-
ous ovulation in the rat. This effect was also observed after
heating the extract for 10 min at 100°C; in contrast, no significant
effect was obtained with the injection of a similar dose of liver
extract. Administration of 5 IU hCG after pretreatment with the
testicular extract did not reverse the inhibitory effect on
ovulation, indicating that this effect was probably not exerted at
the hypothalamus-pituitary level. It is concluded that the aqueous
testicular extract contains a factor able to antagonize the
physiological events mediated by luteinizing hormone (LH)/hCG,
and that this factor is consistent with the presence of an
LH/hCG-binding inhibitory activity in rat testis.
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Recently, we described the presence of a factor obtained from rat testis
having the ability to inhibit luteinizing hormone (LH)/human chorionic
gonadotropin (hCG) binding to gonadal receptors (1). This factor was partially
heat stable, not steroid in nature and presented a low molecular weight.
Binding studies and inhibition kinetics indicated that the inhibitor affects LH/
hCG binding mainly by interfering with the formation of the hormone-receptor
complex and that it competes with the hormone for the same binding sites.
Consequently, it was demonstrated that the inhibitor prevents the interaction
of the gonadotropin and its receptors in testicular and ovarian tissues.

In the present report, we extend our previous findings and demonstrate
that charcoal-treated testicular extract interferes with hCG-stimulated
testosterone production by enzyme-dispersed testicular interstitial cells in vitro
and that its administration during preestrus inhibits ovulation in the Trat.
These results are consistent with the presence of an LH/hCG binding inhibitor
in rat testis, suggesting that this factor is not only able to inhibit the binding
of the hormone to the receptors, but also to act as an antagonist of the
physiological functions mediated by LH/hCG.

Materials and Methods

Preparations of a 105,000 x g supernatant of rat liver and of rat testis
containing the LH/hCG binding inhibitor were obtained in either phosphate
buffer (0.01 M sodium phosphate buffer, pH 7.5) or in Medium 199 (Gibco
Laboratories) as described elsewhere (1). Under these conditions, the result-
ing aqueous extracts contained 100 mg tissue equivalent per 100 pl of extract.
Charcoal treatment involved addition of 200 mg charcoal (Norit A) per 2 ml
testicular extract incubated for 30 min at 4°C. Pilot experiments using [3H]
testosterone showed that charcoal removed more than 98% of the added steroid.
For heating studies, charcoal-treated extracts were boiled in a water bath for
10 min followed by centrifugation at 10,000 x g for 10 min. The resulting
clear supernatant was then used for inhibitory activities. In general, heating
of the extracts was performed just before their use.

Preparation of dispersed interstitial cells was carried out by collagenase
digestion of decapsulated rat testis according to the method described by
Dufau et al. (2). Final resuspension of the cells was in Medium 199 at a ratio
of 100 mg tissue per 200 pl of cell suspension. The general procedures out-
lined by Cigorraga et al. (3) were employed for cell incubations. Two hundred
microliters of cell suspension were incubated at 34°C under an atmosphere of
95% 0,:5% CO, in a final volume of 1 ml of Medium 199. At the end of the
incubation period, the mixture was boiled in a water bath for 5 min, centri-
fuged at 10,000 x g for 10 min and the supernatant stored at -30°C for
subsequent determination of total (medium plus tissue) testosterone production
by radicimmunoassay. In the presence of an excess of hCG (5 IU; Ayerst
Lal}:s, New York), the total testosterone production was linear for at least
3 hours.

The antiserum to testosterone, obtained from Radioassay System
Laboratories (Carson, CA), had high specificity for testosterone with relatively
low cross-reactivity for dihydrotestosterone (6.6%), A‘-androstenedione (0.9%)
and bSa-androstane-3g, 17p-diol (2.19%). Radicimmunoassays were performed
directly on samples as outlined by Dufau et al. (4). The interassay and
intra-assay coefficients of variation were 12.5% and 10.1%, respectively.

Rats of the Sprague-Dawley strain were used. The animals were housed
in a controlled environment, 12 L:12 D, with rat chow and tap water available
ad libitum, and were sacrificed by decapitation immediately prior to use. For
studies” on inhibition of ovulation, rats exhibiting at least two consecutive
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4-day cycles were selected; the LH surge was observed between 1600 h and

1800 h of proestrus. The influence of charcoal-treated testicular and liver
extracts, or charcoal- and heat-treated testicular extracts was ascessed in
normal proestrous rats receiving a single 1.p. injection of 3.5 g tissue

equivalent/BW at various times between 1130 h and 1630 h. The rats were
sacrificed on the following day (1000 h of estrus) and the number of ova in
the oviducts counted under a dissecting microscope. Data were analyzed
using Student's t test.

Results

Effects of charcoal-treated testicular extract upon hCG-stimulated steroido-
genesis by dispersed testicular interstitial cells in vitro.

Incubation of interstitial cells with 51U of hCG in the presence of
testicular extracts which had been treated with either charcoal or with charcoal
followed by heating for 10 min at 100°C resulted in a significant decrease in
the ability of the cells to produce testosterone (Fig. 1). There was a dose-
response relationship between the quantity of testicular extract and the degree
of inhibition of steroidogenesis, with 400 yl of charcoal-treated extract
resulting in a decrease of approximately 85% in the net gonadotropin-stimulated
production of testosterone. Inhibition in the presence of 400 pl of the
charcoal- and heat-treated extract was about 40%. This ability to retain some
inhibitory activity after heating at 100°C agreed with previous data showing
that the hCG/LH binding inhibitor is partially heat stable with respect to its
ability to interfere with the binding of the hormone (1). In contrast to the
testicular extract, addition of 400 pl of charcoal-treated liver extract heated at
100°C  for 10 min failed to show detectable inhibitory activity on the
hCG-stimulated steroidogenesis of the cells (Fig. 1).

In another set of experiments, interstitial cells were first incubated with
charcoal-treated testicular extract for 30 min at 34°C. The inhibitor was then
removed and the cells reconstituted with medium and incubated with 5 IU of
hCG for 2 h. Results indicated that preincubation with the testicular factor
diminished the subsequent stimulation of testosterone production by the
gonadotropin added during the second incubation (Table 1). This effect may
be attributed to the ability of the inhibitor to prevent the formation of the
hormone-receptor complex as previously described (1). Furthermore, the
observation that inhibition of steroidogenesis in interstitial cells was not
reversed after addition of hCG further supports the concept that binding of
the inhibitor to LH/hCG receptors may proceed in an irreversible manner (1).

Effects of a single injection of _charcoal-treated testicular extract on the
spontaneous ovulation in normal cycling rats.

Because the LH/hCG binding inhibitor prevents the interaction of hCG
and its receptors in testis and ovary (1), an attempt was made to see whether
the testicular factor might have an inhibitory effect on LH/hCG binding in
vivo. In preliminary studies, we observed that the administration of testicular
extract to Immature rats was able to alter the owvulation induced by an s.c.
injection of § IU hCG, as determined by the number of ova per ovulating rat
72 h after the hormone treatment (data not shown). This effect was most
apparent when the testicular extract was injected in single doses of 3 to 5
tissue equivalent/rat, 54-55 h following hCG administration. Lower doses ha
no detectable effects. Under the conditions of this experimental model, hCG
alone may induce ovulation in about 75% of immature rats and it is thought that
the gonadotropin elicits, between 54 and 57 h after the injection, an
endogenous surge of LH which is presumably responsible for triggering
ovulation (5). Although our initial results were encouraging, they were highly
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FIG. 1
Effects of the testicular inhibitor on hCG-stimulated testosterone production by
dispersed testicular interstitial cells in vitro.

Cell preparations were incubated with 5 IU of hCG in the presence of
either charcoal-treated testicular extracl, or testicular extract which has been
treated with charcoal followed by heating for 10 min at 100°C. The
incubations were carried out in Medium 199 at 34°C for 3 h under an
atmosphere of 95% 0,:5% CO,. At the end of the incubation total (medium
plus tissue) testosterone production was determined as described under
Materials and Methods. Last column at right shows incubation with
charcoal-treated liver extract heated for 10 min at 100°C. All tissue extracts
were prepared in Medium 193 at a ratio of 100 mg tissue equivalent per 100 pl
extract. Each wvalue represents the mean * SEM of three separate

determinations, *, P <0,005; ©, P <0.01 compared to the group having hCG
alone.

variable and failed to show a consistent pattern of ovulation-inhibitory
response to the extract.

Better and more reproducible results were obtained using normal cycling
rats which received an i.p. injection of 3.5 g tissue equivalent/BW of
charcoal-treated testicular extract at different times during proestrus. The
single dose selected was based on the previous observations using the model of
ovulation induction in immature rats described above. Table II shows that
injection of testicular extract between 1430-1630 h of proestrus significantly
inhibited spontaneous ovulation, as evidenced by the number of animals in
which ova were found. In contrast, rats receiving a similar dose of liver
extract ovulated normally. As expected, in view of the partial heat stability
of LH/hCG binding inhibitor, administration of a single dose of charcoal- and
heat-treated extract also resulted in a significant inhibition of ovulation,
although to a lesser extent than the nonheated extract. Administration of the
testicular extract at 1130 h was not inhibitory, precluding the likelihood that
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TABLE |
Effects of Preincubation of Dispersed Testicular Interstitial Cells
wilth Teslicular Inhibitor on in vilro hCG Stimulation

of Testosterone Production

Decrease of
hCG-stimulated

Testosterone testosterone
First Second produced production
Assay incubation incubation (ng/g tissue) (%)
1 Interstitial cells hCG 102.0 * 4.7 control
2 Interstitial cells + hCG 74.5 + 4.2 27°
200 pl extract
3 Interstitial cells + hCG 59.3 * 7.4 42b

400 pl extract

3Cells were first incubated at 34°C for 30 min with either charcoal-treated
testicular extracts or with Medium 199 alone (control). After centrifugation
and washing, the cells were resuspended and incubated a second time at 34°C
for 2 h in the presence of 5 IU hCG. Total production of testosterone was
determined as described under Materials and Methods. Data are the mean
(+ SEM) of two separate sets of experiments,

bP <0.005 vs. control

TABLE I
Inhibitory Actlivity of Testicular Extract

upon Spontaneous Owvulation in Normal Cycling Rats®
Time No. No. ova (* SEM)

b of ovulating  per ovulating d
Extact : Injection rat rat P
Control - 8/8 11.2 £ 0.9
Testicular extract

Charcoal-treated 1130 h 5/5 9.6 £ 2.1 NS
Charcoal-treated 1430 h 6/11 6.6 £ 0.7 <0.01
Charcoal=treated 1530 h 5/13 2.0 0.3 <0.001
Charcoal-treated 1630 h 5/5 3.0 £ 0.7 <0.001
Charcoal-treated and heated 1530 h 4/4 5.3 1.1 <0.01
Liver extract, heated 1530 h 4/4 10.7 £ 0.8 NS

3Normal proestrous rats received a single dose of tissue extracts and were
sacrificed at 1000 h the next day for counting the number of ova in the
oviducts.

bWhen heated, the charcoal-treated extracts were boiled in a water bath for
10 min.

,cTime of proestrus at which injection was given

dP vs. control
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the effects described in Table 11 were attributable to a nonspecific deleterious
effect upon the ovary.

In order to investigate further the nature of the inhibition of ovulation,
we first injected the rats with the inhibitor at 1530 h of proestrus, followed by
an injection of hCG 1 h later. Figure 2 shows that the administration of 5 IU
of hCG was unable to reverse the inhibitory effect induced by the single dose
of charcoal-treated extract. These results strongly suggest that inhibition may
be due to a direct interference at the level of the ovary. Furthermore, the
inhibitory effect induced with the charcoal- and heat-treated extract was par-
tially reversed by the subsequent administration of hCG, a result which is in
agreement with the partial retention of activity following heating of the inhibi-
tor, and which indicates that the ability to inhibit ovulation was dose-related.

Discussion

The present results demonstrate that the aqueous extract prepared from
rat testis contains a factor able to prevent hCG-stimulated testosterone
production by testicular interstitial cells in vitro and to inhibit ovulation in the
cycling rat. These findings were consistent with the presence of an LH/hCG
binding inhibitor in the testicular extract which has been reported to be
partially heat stable, non-extractable by charcoal, and able to compete with
LH/hCG for the same binding sites in testicular and ovarian tissues (1),

The in vitro studies showed that preincubation with the testicular factor
significantly inhibited the subsequent stimulation of steroidogenesis by hCG
compared to controls in which the first incubation of the interstitial cells was
in medium alone. Thus, the irreversibility in the mechanism of action of the
inhibitor observed in binding experiments (1) was also evident in studies
concerning steroidogenesis in vitro (Table 1). A similar observation has been
reported by Kumari et al. (6), using an LH receptor binding inhibitor
(LHRBI) obtained from extracts of porcine corpus luteum. These investigators
found that the ability of the LHRBI to inhibit progesterone secretion in
cultured granulosa cells is not reversed after addition of LH. It is apparent,
therefore, that an element of irreversibility may be a common feature in the
mede of action of other gonadotropin binding inhibitors.

The inhibitory effects of the testicular factor upon testosterone
production by interstitial cells in response to hCG contrasted greatly with
those observed with LHRH by Yang and co-workers (7). Studies from these
authors show that the LHRBI obtained from the ovaries of pseudopregnant rats
inhibits in vitro LH-stimulated progesterone synthesis by ovarian tissue and
that, in testicular tissue, the LHRBI preparation not only enhances the in
vitro LH stimulation of testosterone, but also, by itself, stimulates the
testosterone production (7). These observations might suggest the existence
of a dichotomy of behavior between LH receptors from ovaries as compared with
the receptors from testis. In contrast, our data demonstrating that the
testicular factor is an antagonist of LH/hCG functioning at the gonadal level in
both the male and the female do not support such a concept. Furthermore,
the evidence that the testicular factor inhibits hCG binding to testicular and
ovarian LH/hCG receptors (1) disagrees with the suggestion of Yang et al.
(7,8) that ovarian LH receptors are structurally different. The present
results, therefore, support the thought that LHRBI obtained from ovaries of
pseudopregnant rats and the LH/hCG binding inhibitor obtained from rat testis
may be distinct molecular entities with different modes of inhibition.

The precise mechanism of action of the ovulation-inhibiting activity
*demonstrated in testicular extract is not known, but the fact that suppression
of ovulation occurred after administration of hCG suggests that the effect was
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FIG. 2
Administration of hCG to rats pre-treated with testicular inhibitor during
proestrus. '

Rats were first given a single i.p. injection of either phosphate buffer
(0.017 M, pH 7.5), charcoal-treated, or charcoal- and heat-treated testicular
extracts at 1530 h of proestrus. Following this pre-treatment, a single i.p.
injection of 5 IU hCG was given at 1630 h of proestrus. The animals were
then sacrificed at 1000 h next day and the number of ova in the oviduct
counted. Testicular extracts were prepared in phosphate buffer and the dose
injected was of 3.6 g tissue equivalent/BW. *, P <0.001; 6, P <0.01.
Statistical analyses refers to a comparison between the experimental and control
(buffer-injected) groups.

probably not at the hypothalamic-pituitary level, but, rather, due to interfer-
ence in the binding of the gonadotropin to its ovarian receptors. Recently,
the inhibitory action of a crude charcoal-treated aqueous extract of porcine
corpus luteum upon ovulation in the rabbit was reported (9). This effect was
also attributed to a direct inhibitory action on ovarian LH binding, although
an effect on hypothalamic-pituitary function was not ruled out (9). Whether
the inhibitory substance present in the porcine corpus luteum extract is

identical to the LH/hCG-binding factor extracted from rat testis remains to be
elucidated.

. The existence described here of a testicular factor having ovulation-
inhibiting activity suggests its potential use as a contraceptive acting at the
ovarian level. Since the preparation of large quantities of the inhibitor is
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necessary for more extensive and complete studies, a definitive conclusion
awaits its purification and chemical characterization. In the meantime, we feel
that efforts to describe the various activities of the gonadal Ussue extracts

and fluids capable of affecting normal physiological processes are certainly
worthwhile.
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