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ABSTRACT

The ability of a factor obtained from a 105,000 X g supernatant of rat testis to inhibit the hCG
binding to gonadal receptors was studied. This factor was partially heat stable, not steroid in
nature, and presented a molecular weight under 12,000. Binding studies indicated that the hCG
binding inhibitor interfered with the formation of the hormone-receptor complex mainly by com-
peting with hCG for the same binding sites. Consequently, it was demonstrated that the inhibitor
prevented the interaction of hCG and its receptor in both testicular and ovarian tissues. Under in
vitro binding conditions, it was observed that as the quantities of the inhibitor increased during the
first incubation with testicular homogenate, and after removing the inhibitor and washing the pel-
let, less and less of the added labeled hCG was bound during the second incubation step. On the
other hand, the hormone already bound to the tissue during the first incubation could not be dis-
placed by increasing amounts of the inhibitor in the second incubation. Thus, binding of the inhib-
itor, or hormone, to the tissue in the first step was not readily exchangeable with the subsequent
inhibitor, or hormone, added in the second step. These findings were consistent with the view that
binding to LH/hCG receptors may proceed in an irreversible manner.

Although the hCG binding inhibitory activity was detected in many of the tissue extracts and in
serum of the rat, only testicular extracts showed the ability to retain a significant part of this activ-
ity ("v40%) after heating for 30 min in a boiling water bath, under equivalent experimental condi-
tions. The content of hCG binding inhibitor in the testis was also examined during the gonadotro-
pin-induced reduction in the availability of LH/hCG receptors following in vivo administration of
100 IU of hCG. Results indicated that the receptor depletion and replenishment processes pro-
ceeded without significant changes in the hCG binding inhibitory acrivity in the testis. It was con-
cluded that the phenomenon of down-regulation of LH/hCG receptors and the quantity of testic-

ular inhibitor were not necessarily related to one another.

INTRODUCTION

Recent studies have described several low
molecular weight substances capable of inhibi-
ting gonadotropin binding to target tissue.
Leindenberger et al. (1976) have reported a
material of about M; 2000 obtained from
human serum which inhibited binding of
luteinizing hormone (LH) to testicular recep-
tors and had LH-like activity (“mini LH").
The presence of factors which interfere with
the interaction of folliclestimulating hormone
(FSH) and its receptors has been demonstrated
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in rat testis (Reichert and Abou-Issa, 1977), in
human serum (Reichert et al., 1979), and in
follicular fluid derived from bovine follicles
(Darga and Reichert, 1978). Yang et al. (1976a,
b) reported a low (M; 3800) molecular weight
inhibitor of LH receptor binding in extracts
prepared from ovaries of pregnant and pseudo-
pregnant rats, but not from the ovaries of
mature nonpregnant rats or immature rats, nor
was it found in testis extracts. A similar inhib-
itor, present in an extract of pig corpus luteum,
has also been reported to diminish human
chorionic gonadotropin (hCG) binding to por-
cine granulosa cells (Sakai et al., 1977). Factors
with the ability to inhibit the binding of gona-
dotropins to gonadal receptors may eventually
be found to play an important role in the con-
trol and mechanism of action of these hor-
mones. In this report, we describe the presence
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of an hCG binding inhibitor in rat testis, which
competes for the LH/hCG binding sites on
testicular tissue and which can also inhibit the
binding of '**I-Habeled hCG to ovarian recep-
tors. We also examine whether the content of
hCG binding inhibitor in the testis of hCG-
treated rats is correlated with the gonadotropin-
induced reduction in LH/hCG receptor avail-
ability,

MATERIALS AND METHODS

Rats of the Sprague-Dawley strain were utilized,
They were housed in a 12L:12D environment and fed
rat chow ad libitum. The rats were sacrificed by decapi-
tation immediately prior to use. Chloramine T was
purchased from the Eastman Kodak Co.; egg albumin,
crystallized twice, from Schwartz-Mann; sodium meta-
bisulfite from Malinchrodt Chemical Works; carrier-
free Na'?**1 from New England Nuclear; and hCG
(10,000 1U/ampoule) from Ayerst Labs. Other chemi-
cals were of reagent or analytical grade.

lodination Procedure

A highly purified hCG (CR 121; 13,450 IU/mg), a
gift from Dr. V. K. Bhalla, was iodinated by the
chloromine T method, modified to allow the retention
of biologic activity (Reichert and Bhalla, 1974; Chen
et al., 1979). The specific activity of the '**1-hCG
ranged from 15—18 uCi/ug. The labeled hormone was
diluted with a 0.01 M phosphate buffer (pH 7.5) con-
taining 5 mM MgCl,, 0.1 M sucrose, and 0.1% (w/v)
egg albumin (henceforth referred to as the albumin/
phosphate buffer) to a final concentration of 2.5
ng/50 ul of solution (7.5 X 10~'* M), and stored fro-
zen in several vials.

Preparation of the
Tissue Extracts for Inbibition Studies

Testicular extract. The hCG binding inhibitory fac-
tor present in testicular extracts was obtained essen-
tially as described by Reichert and Abou-Issa (1977)
for the preparation of FSH binding inhibitor. Testes
from marture rats (200—300 g BW) were decapsulated
and homogenized in a Teflon pestle tissue grinder at a
concentration of 1 g tissue per milliliter of albumin/
phosphate buffer. The homogenate was strained
through a single layer of chcesecloth and centrifuged
at 12,000 X g for 60 min at 4°C. The supernatant was
then centrifuged at 105,000 X g for 60 min. After
each centrifugation a small lipid layer was removed
with a Pasteur pipette. The resulting supernatant was
used for experiments on hCG binding inhibitory
activity.

Other tissue extracts. A similar procedure was used
to examine the presence of hCG binding inhibitor in
other tissue extracts such as liver, kidney, and brain.
To prepare ovarian extracts from mature and pregnant
rats, the tissue was homogenized at a ratio of 1 g tissue
per 2 ml of albumin/phosphate buffer.

Preparation of Testicular
Receptors and Binding Assays

Rat testicular particulate receptors were prepared
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as described elsewhere (Rojas and Bhalla, 1979; Bhalla
et al.,, 1979). Briefly, testes from mature male rats
were decapsulated and homogenized at a ratio of 2 ml
albumin/phosphate buffer per gram of rtissue. The
homogenate was filtered through a single layer of
cheesecloth, then centrifuged at 1500 X g for 10 min
at 4°C, and the supernatant discarded. The pellet was
centrifuged at 20,000 X g for 10 min at 4°C to expel
the excess buffer and resuspended in fresh albumin/
phosphate buffer to a final concentration of 1 g pellet
per 10 ml of buffer. Binding studies were performed
using this particulate receptor preparation or testicu-
lar homogenate. The standard binding assays con-
sisted of the incubation of 1.25 ng of '**I-hCG (25
ul) and 20 mg wet weight of testicular homogenate in
the absence or presence of an aliquot of rissue extract,
The final reaction volume was 1 ml in albumin/phos-
phate buffer. The mixture was incubated at 37°C for
2 h in a metabolic shaking bath. At the end of the
incubation penod thc tubes were centrifuged at 1500
X g for 10 min at 4°C, and the supernatant containing
the free hormone was decanted. The tubes cuntalmng
tissue pellets were inverted over adsorbent paper in a
rack and kept at 4°C for 30 min prior to being
counted for radioactivity in a gamma counter. The
data were also analyzed by subtraction of nonspecific
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FIG. 1. Dose-response effect of the testicular ex-
tract on the inhibition of specific hCG binding to rat
testis, The receptor preparation (20 mg, wet tissue
weight) was incubated with '**I-thCG (1.25 ng) in the
presence of 0, 10, 25, 50, 75, 100, and 200 pl of
testicular extract. The incubation was carried out in a
final volume of 1 ml at 37°C for 2 h as described in
Marterials and Methods. The 100% control values
represent specific binding of '**I-hCG to testicular
homogenate in the absence of tissue extract (23.8%
of total amount of tracer hormone added). Data are
the mean of duplicate determinations,
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binding according to the method described elsewhere
(Rojas and Bhalla, 1979; Chen et al., 1979). Non-
specific binding was less than 5% of the total binding.
For inhibition kinetics studies, the testicular homo-
genate was incubated with '** I’hCG under the condi-
tions described above and with increasing concentra-
tion of unlabeled homologous hCG (0—100 ng) in the
absence or presence of a fixed amount of either direct
testicular extract or extract heated for 30 min in a
boiling bath. The data were then analyzed by a double
reciprocal plot according to procedures described else-
where (Rojas and Bhalla, 1979; Chen et al.,, 1979;
Tsuruhara et al., 1977; Hsueh et al., 1977).

Preparation of Ovarian
Receptors and Binding Assays

Preparation of 2000 X g ovarian homogenates was
largely carried out as described by Lee and Ryan
(1973). Ovaries from mature female rats were sliced,
and a 1:10 (w/v) tissue homogenate was prepared in
cold albumin/phosphate buffer using 10 strokes of a
glass Teflon homogenizer. The homogenate was
strained through two thin layers of cheesecloth and
centrifuged at 2000 X g for 15 min at 4°C. The pellet
was centrifuged at 20,000 X g for 10 min at 4°C to
expel the excess buffer, and resuspended at the equi-
valence of 100 mg ovary per mililiter albumin/phos-
phate buffer. For binding assay, 100 ul of the 2000 X
g pellet of ovarian homogenate were incubated with
1.25 ng '**I-hCG (25 ul) and an aliquot of the testicu-
lar extract or buffer. The final volume was 1 ml in
albumin/phosphate buffer. In some of the tubes, 500-
fold excess of unlabeled hCG was added to determine
nonspecific binding. Incubation was carried out at
37°C for 2 h after which the tubes were chilled and
immediately centrifuged at 2000 X g for 15 min at
4°C. The tubes were then processed for radioactivity
count as described above.

In vivo Administration of hCG and
Determination of Gonadotropin Binding Sites

The schedule by which hCG was administered has
been described by Rojas and Bhalla (1979). Briefly,
mature male rats, divided into several groups (7 rats/
group), received one i.p. injection (100 1U) of hCG
(Ayerst Labs.) at 0900 h. The rats were sacrificed by
groups on Days 1, 2, 3, 5, and 7 after the injection;
the testes were removed for binding studies and for
determination of the hCG binding inhibitory activity.
Control animals received injections of saline. For each
data point, a single homogenate prepared from three
rats was taken for binding assays, and one prepared
from four animals was taken for measurement of the
inhibitory activity. The determination of binding sites
was achieved through displacement experiments gen-
erated in the presence of 0—1000 ng of unlabeled hCG
and by using 20 mg testicular homogenate and 1.25
ng of '*I-hCG. The final reaction volume was 1 ml
and incubation was carried out at 37°C for 2 h. The
binding data were then analyzed by Scatchard analysis
according to the methods generally used (Rojas and
Bhalla, 1979; Chen et al., 1979; Tsuruhara et al.,
1977; Hsueh et al.,, 1977). The apparent number of
binding sites (Bpax values) was calculated from the
linear regression analysis performed on the lines ob-
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tained from the Scatchard plots. The relative quality
of the data (P values) was assessed by applying
Student’s t test and by considering the significance of
parameters derived from each regression (Rojas and
Bhalla, 1979). The determination of the hCG binding
inhibitory activity was carried out by using 200 ul of
tissue extract in the standard binding assay. Replicated
values were obtained in all cases.

Other Procedures

Rat serum was obtained by allowing blood to clot
and centrifuging at 5000 X g for 30 min to remove the
insoluble components.

The stability of the hCG binding inhibitor to heat
was assessed by dividing a sample into two aliquots,
One aliquot was left untreated, and the other was
heated in a boiling water bath for 30 min. After heat-
ing, the aliquot was centrifuged at ".10,000 X g for
10 min and the clear supernatant was used in binding
assays.

To assess whether the testicular factor was steroid
in nature, diethyl ether extraction and adsorption to
charcoal were carried out as described by Darga and
Reichert (1978). Accordingly, aliquots of the extract
were treated with diethyl ether at room temperature
at a ratio of one volume of the supernatant per 3
volumes of diethyl ether for two consecutive extrac-
tions. Adsorption by charcoal was performed at a pro-
portion of 60 mg charcoal per 2 ml extract and incu-
bated for 1 h at 4°C. The fractions obtained after
treatment were tested for residual hCG binding
inhibitory activity in the standard binding assay.

RESULTS

Effect of the Quantity of the
Testicular Extract on the Inbibition of
Specific bCG Binding to Rat Testis

The dose-response relationship between the
quantity of the testicular extract and the degree
of inhibition of '* I-hCG binding to testicular
LH/hCG binding sites is shown in Fig. 1. In the
presence of 200 ul of tissue extract, \.50% of
the specific binding was inhibited compared
with controls. Responses for maximal binding
inhibition have not yet been determined.

Some Properties of
the bCG Binding Inbibitor

Dialysis of the testicular extracts against 20
times the volume of distilled water at 4°C for
72 h with frequent change of water and vig-
orous stirring resulted in ~90% loss in inhibi-
tory activity of the nondialyzable portion (Fig.
2). More extensive dialysis did not completely
reduce the inhibitory activity of the extract.
The dialyzer tubing used (3787-D12, Arthur H.
Thomas Co.) was reported by the manufac-
turers to have a retention of M, 12,000 and
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FIG. 2. Effect of various treatments on hCG bind-
ing inhibitory activity of testicular extract. The frac-
tions, obtained after the different treatments, were
tested for residual hCG binding inhibitory activity in
the standard binding assay. Data are expressed as a
percentage of binding inhibition in the presence of
200 ul of tissue supernatant. Each value represents the
mean + SEM of three separate determinations.

higher. The hCG binding inhibitory activity
remaining in the nondialyzable portion of the
extract was completely destroyed after heating
for 30 min in a boiling water bath (Fig. 2).
When the dialysis was carried out against a
single batch of water (the ratio of extract to
water was 1:20) and the dialysate was lyophili-
zed and reconstituted to half the original vol-
ume with albumin/phosphate buffer, 200 ul of
the reconstituted material inhibited N 30% of
the hCG specific binding, indicating that
the inhibitor could pass through the mem-
brane.
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The incubation of the original testicular
extract in a 100°C bath for 30 min resulted in
a loss of \50—60% of inhibitory activity (Fig.
2), precluding the possibility that all of the
inhibitory activity detected in the direct extract
was due to endogenous LH. Furthermore, the
heated fraction showed no appreciable effect
on a radioimmunoassay for rat luteinizing hor-
mone (data not shown).

Adsorption of the tissue extract by charcoal
or extraction with diethyl ether did not result
in significant loss of inhibitory activity, indica-
ting that the hCG binding inhibitor does not
seem to be steroid in nature (Fig. 2). No
detectable change of the inhibitory activity was
observed when the testicular extracts were kept
in liquid nitrogen for at least 3 months. There-
fore, either a freshly prepared supernatant or a
supernatant previously stored in liquid nitrogen
was used in subsequent studies.

Inbibition Kinetics Studies and Effects
of Incubation Steps on hCG Binding
Inbibitory Activity

Evidence that the hCG binding inhibitor was
effective in preventing formation of the hor-
mone-receptor complex is shown in Table 1.
Because a similar pattern of results was ob-
tained by using direct testicular extract, or
tissue extract heated for 30 min in a boiling
water bath, only the latter is shown. In this
experiment, the testicular homogenate was first
incubated with the inhibitor factor, after which
the inhibitor was removed and the pellet
washed with the assay buffer. The homogenate

TABLE 1, Effects of hCG binding inhibitor on the formation of hormone-receptor complex.

Addirtives
in the % Decrease
second in counts
First incubation Counts bound
Assay incubation mixture2 mixture bound vs control
1 Homogenate 125 LhCG 5145 + 48 Control
2 Homogenate +
heat-treated testicular extract 2% I-LhCG 3215+ 81 38b

First and second incubation mixtures were both carried out at 37°C for 2 h in a final volume of 1 ml with
albumin/phosphate buffer. One hundred microliters of testicular homogenate (10 mg wet tissue) were incubated
with 400 pl of a heated (30 min in a2 100°C bath) tissue extract. After the first incubation, tubes were centri-
fuged and the pellets were decanted and washed with 1 ml of cold albumin/phosphate buffer, The pellets were
then reconstituted and incubated a second time with 1.25 ng '**I-hCG. The tubes were centrifuged and the
pellets counted for radioactivity as described in Materials and Methods. Each value represents the mean + SEM

of three separate determinations.
b

P<0.005, based on Student’s t test for nonpaired variates.
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was then reconstituted and incubated with
125 LhCG. The results indicate that preincuba-
tion with the testicular factor significantly
diminished the subsequent binding of '** I'hCG
to testicular binding sites (38%; P<0.005) com-
pared with control experiments where the first
incubation of the receptor preparation was with
buffer alone.~The use of heat-treated testicular
supernatant precluded the likelihood that the
effects described in Table 1 were attributable
to degradative enzymes, and revealed that the
inhibitor present in the original testicular ex-
tract retained the ability to prevent the forma-
tion of the hormone-receptor complex after
heating.

In view of the experimental results indica-
ting that the testicular factor inhibited the
formation of the hormone-receptor complex,
it was pertinent to see whether the inhibition
was due to competition between the inhibitor
and '® I'hCG for the same binding site, or to
competition for different sites, with the bind-
ing of the inhibitor preventing the binding of
125 1.hCG to its receptor. The inhibition kinetics
study by Lineweaver-Burk analysis of the hCG
binding inhibitory activity in the direct testicu-
lar extract and in a tissue extract heated for 30
min in a boiling water bath is illustrated in Fig.
3. The testicular receptors were incubated with
a fixed concentration of ' I'hCG and with in-
creasing concentrations of unlabeled hCG in the
absence or presence of a fixed amount of
testicular factor as described in Materials and
Methods. The results showed a competitive
type of inhibition with both testicular super-
natants assessed, demonstrating that the hCG
binding inhibitor bound to the receptor itself.

To investigate further the nature of the
binding between the inhibitor factor to testicu-
lar receptors, two additional experiments were
undertaken. In one experiment, testicular
homogenate was preincubated with increasing
amounts of original tissue extract (0—200 ul).
The inhibitor was then removed, and the pellets
were reconstituted with buffer and incubated
with 1.25 ng of ' I-/hCG (Fig. 4A, Line A). In
the other experiment, testicular homogenate
was first incubated with '**I-hCG. After incu-
bation, the unbound hormone was removed,
the pellet reconstituted, and then incubated
with increasing amounts of testicular extract
(0—200 ul). No labeled hormone was added in
the second incubation (Fig. 4A, Line B).
Results from the first experiment (Fig. 4A,
Line A) show that as the quantities of testicu-
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lor inhibitor increased during the preincubation
of the tissue, progressively less of the subse-
quent labeled hormone was bound in the
second incubation step. On the other hand,
Line B of Fig. 4A shows that the hormone al-
ready bound to the tissue in the preincubation
could not be displaced as a function of in-
creasing quantities of the testicular factor
during the second incubation. It also became
evident from this experiment that the inhibi-
tor, at the concentration assessed, had only a
slight effect on dissociation of the preformed
hormone-receptor complex. These observations
indicate that, on the one hand, the inhibitor
and the hormone bind to the same receptor

I/(ng BOUND hCG)

o 82 83 o4 85 85 8
1/(m FREE WCG)

FIG. 3. Double reciprocal plots of bound *** I-hCG
vs free '** I-hCG ar fixed levels of testicular inhibitor.
A) in the absence of inhibitor; B) 400 ul of a heated
testicular extract (30 min in a 100°C bath); and C)
200 pl of direct testicular extract. Rat testicular
homogenate (20 mg) was incubated with '**I-hCG
(1.25 ng) and with the indicated fixed amounts of
testicular supernatant in the presence of 0—100 ng of
unlabeled hCG. The tubes were incubated for 2 h at
37°C and then processed as described in Materials and
Methods. The data obtained were converted from cpm
to nanograms of hormone bound (and/or free)
through the dilution of specific activity method and
plotted according to Lineweaver-Burk equation. The
K value for hormone binding in the absence of inhib-
itor was 1.15 X 107'°M. Molecular weight of hCG was
taken as 33,000. The regression for curve A was y =
2.13x + 0.562; for curve B, y = 4.79x + 0.585; and for
curve C, y = 8.18x + 0.642. The correlation coefficient
(r) for the lines was 0.99 in all cases. Scatchard plots
of the data yielded similar binding parameter values.
All values in the graph represented the mean of dup-
plicate determinations.
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binding sites (see above) and, on the other
hand, the binding of the inhibitor or hormone
to the tissue during the first incubation was not
readily exchangeable with the binding of the
inhibitor or the hormone added in the second
incubation. When the same experiments were
repeated - using unlabeled hCG instead of
testicular inhibitor, a similar pattern of binding
behavior was observed, i.e., the unlabeled hCG
was unable to displace the earlier bound '**I-
hCG, and less labeled hCG was bound to the
tissue after preincubation with increasing
amounts of unlabeled hormone (Fig. 4B). These
findings confirmed a previous report by Chen et
al. (1979) who demonstrated the irreversibility
of hCG and LH binding to testicular homogen-
ates by performing the same experimental ap-
proaches as shown in Fig. 4B. Taken together,
our data therefore were also consistent with the
view that binding of inhibitor to LH/hCG re-
ceptors may proceed in an irreversible manner.

Inbibition of bCG Binding to
Owvarian Receptors by Testicular Extracts

If the testicular inhibitor was able to bind
the hCG testicular receptor itself, as shown
earlier (Fig. 3), it would then be expected that
the inhibitor also binds receptors of ovarian
tissue. As demonstrated in Fig. 5, this was
indeed the case.-'*I-/hCG binding to ovarian
receptors obtained from a 2000 x g homo-
genate was significantly inhibited by testicular
extract in a dose-response relationship, with
200 pl of tssue extract reducing binding of
1.25 ng '® I-'hCG by 40% compared with con-
trol assays. When testicular supernatant was
heated in a boiling water bath for 30 min, 200
ul of the remaining supernatant was able to
inhibit the binding of '2* I-hCG to ovarian tissue
by 15% (data not shown).

hCG Binding Inbibitory Activity
During bCG-Induced Changes
in Testicular Receptors

To obtain information on the possible rela-
tionship between the hCG binding inhibitor and
the gonadotropin-induced reduction in the
availability of LH/hCG receptors, we examined
the inhibitory activity in the testis during the
down-regulation of the LH/hCG receptors fol-
lowing in vivo administration of hCG. As shown
in Fig. 6, 24 h after the injection of rats with
100 IU of hCG, the number of LH/hCG-specific
binding sites was undetectable. On Day 3, the
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sites began to increase and return to normal by
Day 7. This response was very similar to that
reported earlier (Rojas and Bhalla, 1979; Saez
et al.,, 1978; Hsueh et al., 1977; Catt et al.,
1980). In contrast to this pattern, the hCG
binding inhibitory activity in the testis of hCG-
treated rats did not significantly change during
the entire receptor depletion and replenishment
processes (Fig. 6). After heating of the extracts
for 30 min in a 100°C bath, no changes in the
inhibitory activity were observed in any of the
different groups (data not shown). It appears,
therefore, that there is no apparent correlation
between the testicular inhibitory activity and
the down-regulation of LH/hCG receptors in rat
testis.

hCG Binding Inbibitory Activity
in Other Tissues and Serum

The testing of inhibitory activity in other
tissues and serum from the rat is summarized
in Table 2. In all cases, 100 mg tissue equivalent
of extracts, or 100 ul of serum, showed appre-
ciable inhibition of '?® I-hCG binding to testicu-
lar receptors. However, such activity was com-
pletely lost in most of these tissue samples
after heating in a boiling water bath for 30 min,
with the exception of the extract obtained
from testicular tissue, which retained ~40% of
its capability to inhibit hCG binding despite the
drastic treatment (see above). In samples show-
ing nondetectable activity after heating, the in-
crease up to 200 mg tissue equivalent (ex-
tracts), or 200 ul (serum), of the heat-treated
material also failed to demonstrate significant
inhibitory capacity. Higher doses were not
tested. For the testicular extract, the multiple-
dose assays (10—100 ul) revealed a parallel
response when heat-treated extracts and un-
treated control were compared for inhibitory
activity (not shown). As indicated in Table 2,
extracts of ovaries from pregnant rats and
serum of intact male rats could retain, at a
lesser extent, some inhibitory acrtivity after
heating, but analysis of variance indicated no
significant difference (P>0.05) of these values
from the specific '* I-'hCG binding in the pres-
ence of control buffer alone.

DISCUSSION

In this report we have demonstrated the
presence of a factor obtained from rat testis
having the ability to inhibit hCG binding to
gonadal receptors. The factor was partially heat



hCG BINDING INHIBITORY ACTIVITY IN RAT TESTIS

stable, not steroid in nature, and with M,
<12,000, indicating that some of its physico-
chemical properties might be similar to those
reported for other inhibitors of gonadotropin
binding, such as a LH-receptor binding inhibitor
described by Yang et al. (19762) and the FSH
binding inhibitors described by Reichert et al.
(1979), Darga and Reichert (1978), and Rei-
chert and Abou-lIssa (1977). The testicular in-
hibitor, on the other hand, was clearly different
from the hCG binding inhibitors present in
other tissue extracts and serum of the rat
(Table 2) in that the latter lost all their inhibi-
tory activity by heating, while the testicular
factor retained ~40% of it under equivalent
experimental conditions.

Binding studies indicated that the LH/hCG
binding inhibitor prevents hCG binding mainly,
if not entirely, by interfering with the forma-
tion of the hCG-receptor complex. Also, inhibi-
tion kinetics studies performed with the direct
testicular extract or with a heat fraction,
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showed that the inhibitor competes with hCG
for the same binding sites, and consequently,
was able to prevent the interaction of hCG
and its receptor in testis and ovary. This was in
great contrast to a LH binding inhibiting factor
found in ovaries of pregnant or pseudopregnant
rats (currently known as LHRBI), which was
reported to inhibit LH binding to ovarian LH
receptors, and did not inhibit LH binding to
testicular LH receptors (Yang et al., 1976b).
Such observations have led the authors to
believe that ovarian LH receptor may be struc-
turally different from testicular receptor (Yang
et al., 1976b). It appears, therefore, that the
LHRBI and the hCG binding inhibitor isolated
from testis are distinct molecular entities with
different mechanisms of action. Also, the hCG
binding inhibitor cannot be identical to gonado-
tropin-binding factors extracted from rat testis
by ethanol (Bhalla et al., 1976) because these
ethanol-soluble factors were demonstrated to
be remarkably heat-resistant and to have a very
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FIG. 4. A) Binding of " I-hCG to testicular homogenate pretreated either with increasing quantities of

testicular extract (0—200 pl) or with 1.25 ng of '?*I-hCG. Testicular homogenate (20 mg) was incubated with
the various amounts of testicular extract or with the constant amount of '**I-hCG at 37°C for 1 h. After the
incubation, free inhibitor, or hormone, was removed; the pellets pretreated with inhibitor were incubated with
1.25 ng of '**I-hCG, and the pellets pretreated with '**I-hCG were incubated with increasing quantities (0,
25, 50, 100, and 200 ul) of testicular extract. Albumun/phosphate buffer was used to bring the volume
of the reaction mixture up to 1 ml. The tubes were incubated again at 37°C for 1 h and then processed as
described in Materials and Methods. Line A shows the competitive inhibition plot of the binding data obtained
using tissue pretreated with the inhibitor, and Line B was obtained using tissue pretreated with labeled hormone.

B) Binding of !**I-hCG to testicular homogenate pretreated either with increasing amounts of unlabeled
hCG (0—20 ng) or with 1.25 ng of '**I-hCG. The experimental details for this study were the same as for (A)
except that unlabeled hCG was used instead of testicular binding inhibitor. Line A shows the competitive
inhibition plot of the binding data obtained using tissue pretreated with unlabeled hCG, and Line B was obtained
using tissue pretreated with labeled hormone. All data points represent means of duplicate determinations.
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high affinity for ' I-hLH and '*I-hFSH, indi-
cating that they do not bind or compete with
the hormones for the gonadotropin binding
sites in testicular tissue.

Binding of the inhibitor, or hormone, to the
tissue in the first incubation step was not
readily exthangeable with that of the subse-
quent inhibitor, or hormone, added in the
second step (Fig. 4A). A similar pattern of
binding behavior was observed when the same
preincubation experiments were repeated using
unlabeled hCG rather than the testicular inhib-
itor (Fig. 4B); these experiments further sup-
port the original evidence of Chen et al. (1979)
and a report by Katikineni et al. (1980) demon-
strating irreversibility of the hCG and LH bind-
ing to particulate gonadal receptors. Thus, our
findings strongly suggest that the binding reac-
tion of the testicular inhibitor and LH/hCG
binding sites might also be irreversible in nature
and might not follow a rapid-equilibrium bind-
ing model under in vitro conditions. A conclu-
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FIG. 5. Effects of the hCG binding inhibitor ex-
tracted from rat testis on the specific binding of ***I-
hCG to the 2000 X g pellets of ovarian homogenate.
125 LhCG (1.25 ng) was incubated with ovarian homo-
genate (10 mg, wet tissue weight) in the presence of 0,
25, 100, 200 and 400 pl of testicular extract. The
final volume of the reaction mixture was 1 ml in
albumin/phosphate buffer. After incubation at 37°C
for 2 h, the tubes were processed as described in
Materials and Methods. All values represent the mean
of duplicate determinations.
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sive interpretation, however, should wait until
the hCG-binding inhibitor is purified and the
mechanism of gonadotropin binding reaction
is fully elucidated. Interesting in this context is
the observation of Kumari et al. (1979) that the
ability of a LH/hCG binding inhibitor obtained
from extracts of porcine corpus luteum to in-
hibit progesterone secretion in cultured granu-
losa cells is not reversed after addition of LH.
This would suggest that binding irreversibility
may also be an inherent property to other
gonadotropin binding inhibitors. This possibil-
ity should be closely studied.

It is becoming increasingly clear that gona-
dotropins can regulate the concentration of
their specific binding sites in gonadal tissue, an
effect which cannot be explained by receptor-
occupancy (Rojas and Bhalla, 1979; Bhalla et
al., 1979; Chen et al.,, 1979; Catt et al., 1979;
Huhtaniemi et al., 1979; Sharpe, 1977). Still,
little is known about the mechanism whereby
such changes in the availability of the receptor
are induced. An attempt was made to see
whether a relationship exists between the con-
tent of the hCG-binding inhibitor in the testis
of hCG-treated rats and the concomitant reduc-
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FIG. 6. hCG Binding inhibitory activity and con-
centration of LH/hCG binding sites in testicular tissue
prepared from rats sacrificed at different time inter-
vals following a single injection of hCG (100 IU). For
measurement of hCG binding inhibitory activity, 200
ul of pooled tissue extract obtained from testes of
four treated rats were incubated with 20 mg of testicu-
lar homogenate and 1.25 ng of '**I-hCG in the stan-
dard binding assay. Results were expressed as percent-
age of binding inhibition. Byax values plotted were
obtained by Scatchard analysis of the data generated
from binding assays described under Materials and
Methods. The Bmax value for controls (animals which
received injection of saline) is shown in Day 0. Each
data point represents triplicate determinations,
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tion of LH/hCG receptors (Fig. 6). Results
revealed that the down-regulation of receptors
proceeds without significant changes in the
hCG binding inhibitor content in the testis,
suggesting that the two phenomena, 1e., hCG
inhibitory activity and gonadotropin-induced
reduction in availability of LH/hCG receptors,
were not necessarily related to one another. A
lack of correlation between the gonadotropin
receptor content and the quantity of extract-
able FSH binding inhibitor has also been re-
ported. O’Shaughnessy (1979) found that the
increase in the concentration of the FSH-bind-
ing inhibitor observed in maturing rats was not
related to the significant decrease in FSH
binding receptor sites which also occurs during
the same period.

The detection of the hCG binding inhibitory
activity in many tissues which do not neces-
sarily bind LH/hCG specifically (Catt et al.,
1976; Saxena and Rathnam, 1976) demon-
strated a lack of tissue specificity that puts in
serious doubt its physiological significance
(Table 2). Reichert and Abou-Issa (1977) have
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reported that buffer extracts of rat liver and
kidney inhibit binding of ' I-hFSH to testicu-
lar receptors. Yang et al. (1979) have found
that direct rat liver extract inhibits LH binding
to both ovarian and testicular receptors. The
presence of an inhibitor of ovarian extracts
from pregnant rats having the ability to inter-
fere with LH/hCG binding to the testicular
receptor was not observed by Yang et al.
(1976b). These authors reported that ovarian
extracts of pregnant rats did not inhibit the LH
binding to rat testis, even when up to 40 mg of
ovarian equivalent were tested in a binding
reaction volume of 0.22 ml (Yang et al,
1976b). In contrast, we were able to demon-
strate that 200 mg tissue equivalent of ovaries
from pregnant rats in a 1 ml reaction mixture
inhibited the hCG binding to testicular recep-
tors by 50% (Table 2). The reason for this
discrepancy is not clear. Whether the binding
inhibitory substance present in these ovarian
extracts is different from the LHRBI described
by Yang et al. (1976a,b) has yet to be eluci-
dated.

TABLE 2. Effects of the extracts of various tissues and serum from rat on the specific binding of '** I-hCG to

testicular receptors.

% Inhibition of '* I-hCG binding?

Direct Heated

Source of extracts? extract extract®
Qvary 34.7 0
Ovary of pregnant rats 50.3 8.0d
Testis 47.6 18.6¢
Kidney 18.2 0
Liver 214 0
Brain 20.0 0
Serum of male rats 44.8 7.1d
Serum of castrated male rats 50.1 0
Serum of female rats 37.7 0
Serum of pregnant rats 46.2 0

A issue extracts and sera pooled from several rats were obtained as described in Materials and Methods. The
quantity of the extracts was 200 ul for ovaries and 100 ul for other tissue extracts and serum. The tissue equival-
ent was 100 mg for the extracts. Two hundred microliters of ovarian extract was used because this extract was
prepared by homogenization in a tissue:volume ratio of 1 g/2 ml buffer instead of 1 g tissue/1 ml utilized for the
preparation of other extracts (for dertails, see Marerials and Methods).

bReaction mixture containing 1.25 ng '** I-hCG, 200 ul of testicular homogenate, and an aliquot of tissue
extract or serum in a final volume of 1 ml with albumin/phosphate buffer, Results are expressed as a percentage
inhibition of the '**I-hCG binding in the presence of control buffer alone. Data are the mean of three deter-
minations.

“Extracts and serum were heated in a boiling water bath for 30 min.

dP>0.05 vs control.

€P<0.05 vs control.
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Although the significance and origin of the
LH/hCG binding inhibitor found in rat testis
remain to be determined, because LH/hCG
receptors are essentially localized in gonads, it
is tempting to consider that the presence of
such an inhibitor in these tissues could be of
particular importance for the action of gonado-
tropins. In any event, its potential use as a tool
allowing manipulation of LH/hCG binding to
gonadal receptors appears to be self-evident.
Work in progress is expected to clarify some of
these open questions.
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