Effect of Gossypol on Testicular Testosterone Production

In Vitro
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Testicular minces were utilized to study the effect of
gossypol on testosterone production. Testosterone pro-
duction was assessed in both control and gossypol
treated groups after 0 to 4 hours incubation in the pres-
ence of hCG. Media testosterone was measured by ra-
dioimmunoassay. Gossypol did not alter testosterone
production when present in incubates at the concentra-
tions of 3.5 x 10°M, 7 x 10~°M and 3.5 x 10~‘M.
Preincubation of testis mince with gossypol (7 x
10-°M, 7 x 10-5M, 3.5 x 10~*M) for 1 to 4 hours did
not alter subsequent hCG induced testosterone pro-
duction in mature rats. Testosterone production how-
ever, was inhibited in immature rat testis when the
whole testis was incubated for 4 hours with different
concentrations of gossypol (7 X 10~°M, 7 x 10~5M, 3.5
X 10~*M). In vivo testosterone production was not in-
hibited in the immature rat testis 24 hours after oral
administration of gossypol (100 mg/kg).
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Gossypol, a polyphenolic compound isolated
from seeds, stems, and roots of the cotton plant
Gossypium sp. has been considered an effective
male antifertility agent by Chinese workers (Na-
tional Coordinating Group, 1978). A series of ex-
periments conducted on laboratory animals con-
firmed the antifertility potential of gossypol (Na-
dakavukaren et al, 1979; Chang et al, 1980; Kalla
et al, 1982; Weinbauer et al, 1982). Although the
mechanism of gossypol action in inducing infer-
tility in some animal species, including humans, is
far from clear, it is well known that the drug in-
hibits spermatogenesis and motility of sperma-
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tozoa in the excurrent ducts. The weights of the
accessory sex organs, the levels of citric acid and
fructose in seminal plasma, and plasma levels of
LH and testosterone remain normal in rats, mon-
keys, and humans after gossypol treatment (Na-
tional Coordinating Group, 1978; Wang et al, 1979;
Sundaram, 1980; Frick et al, 1981; Coutinho et al,
1981; Kalla and Vasudev, 1981; Kalla et al, 1981,
1982). On the other hand, Hadley and coworkers
(1981) have reported an inhibitory effect of gos-
sypol on testosterone biosynthesis in vitro. Lin et
al (1981) have also reported reduction in testos-
terone biosynthesis after gossypol treatment.

In view of the diversified results obtained on
testosterone biosynthesis after gossypol treatment,
the present studies were designed to investigate
the effect of gossypol on testosterone biosynthesis
in both mature and immature animals.

Material and Methods
Animals

Male Wistar rats (90 days old) of proven fertility were
purchased from Chemie Linz AG. Animals were caged
singly and kept under controlled light and temperature.
All the animals were fed commercial diet and water ad
libitum. Male and female rats were allowed to mate and
their progeny was used when 21 to 25 days old.

Chemicals

Gossypol acetic acid (98.4%) obtained from USDA and
Rockefeller Foundation, New York, was used without
further purification. Human chorionic gonadotropin
(hCG) was obtained from Serono Laboratory, Italy.
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Preparation of the media and condition of
the incubation

Gossypol acetic acid was dissolved in absolute alcohol
to make 0.02 M stock solution, which was then serially
diluted with Hanks solution containing 100 IU hCG/ml.
The control samples contained only ethanol in Hanks
solution. The concentration of alcohol (0.01%) was the
same in both experimental and control samples. For
each point determination separate samples were run.

The adult male rats were anesthesized with ether. The
testes were removed weighed, decapsulated, and
pooled. A 200 mg aliquot of the tissue was taken and
transferred to a 10 ml conical flask containing 3 ml of
incubation media. Incubation was carried out at 35 to 37
C for various time intervals under 5% CO, in oxygen in
a Dubnoff metabolic shaker. Following incubations, the
contents of each conical flask were transferred to cen-
trifuge tubes (the conical flask was washed three times
with 0.5 ml Hanks solution) and centrifuged for 10. min
at 1500 X g. Aliquots of supernatant (2 ml) were stored
in plastic tubes at —20 C until assayed for testosterone
concentration by radioimmunoassay.

Controls were run to show that the two methods,
whole decapsulated testis and testis minces, did not
cause significantly different results. Testicular minces
and decapsulated testis from both mature and immature
animals were used. In the case of decapsulated testis, a
8.5- and seven-fold increase in testosterone production
was obtained from the testes of immature and mature
rats, respectively. The testicular minces of immature an-
imals showed a nine-fold increase and the testicular
minces of mature animals a six-fold increase in testos-
terone production. In both cases, the incubation was
made with and without hCG. To estimate the testos-
terone production after gossypol treatment in vitro, a
zero time point determination was made with all the
concentrations used in the present investigations. A
zero time point was calculated from the initiation of in-
cubation and did not include the preparation time,
which was 30 to 40 minutes. The stimulation obtained
with 50 IU of hCG was not significantly higher than that
obtained with 5 or 10 IU of hCG; the low doses gave a
single fold stimulation. The values of testosterone con-
centration in media before and after extraction were
comparable. The basal value of testosterone (not shown
in the text) was also measured.

Experiment 1

Testes were removed from mature Wistar rats,
weighed, and pooled. A 200 mg aliquot was taken from
the pooled tissue and transferred to a 10 ml conical flask
containing 3 ml of incubating media. Incubation was
carried out from 1 to 4 hours with 50 pg (3.5 x 10-5M)
of gossypol/flask by the method described above.

Experiment 2

Testes were removed from mature Wistar rats,
weighed, and pooled. A 200 mg aliquot was taken from
the pooled material and incubated for 2 and 4 hours in
the presence of 100 g (7 x 10~5M) or 500 pg (3.5 x
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10-%M) of gossypol/flask by the method described
above.

Experiment 3

Testes were removed from mature Wistar rats,
weighed, and pooled. A 200 mg aliquot was taken from
the pooled tissue and preincubated for 1 to 4 hours in
the presence of 10 pg (7 x 10~M), 100 pg (7 x 10~5M)
or 500 pg (3.5 X 10~*M) of gossypol/flask. After prein-
cubation, 3 ml buffer with 100 IU of hCG/ml was added
and the incubation continued for an additional 4 hours.
The rest of the procedure was the same as described
above.

Experiment 4

Testes were removed from 21 to 25-day-old rats. The
testes (60 to 80 gm) from all the animals (n = 14) were
pooled and distributed randomly among treatment and
control groups; each testis was weighed and the tunica
removed. The incubation was carried out for 4 hours in
the presence of 100 IU hCG/ml, and 10 pg (7 x 10~°M),
100 pg (7 X 10~5M) and 500 pg (3.5 x 10~*M) of gos-
sypol/flask. The rest of the procedure was the same as
described above.

Experiment 5

Immature four-week-old male Wistar rats were ex-
posed to a single oral dose of gossypol, 100 mg/kg body
weight, by oral intubation. Control animals received the
ethanol vehicle alone. Twenty-four hours after the drug
administration, animals were sacrificed, and the testes
were removed and weighed. The whole testis was in-
cubated in the presence of hCG (100 IU of hCG/ml) for
four hours. The rest of the procedure was the same as
described above.

Testosterone Assay

The supernatant obtained after in vitro incubation was
assayed for testosterone concentration by radioimmu-
noassay (Bartke et al, 1973).

Statistical analysis

Statistical analysis was done by one-way and two-way
analysis of variance, Mann and Whitney-U-test (Ryan et
al, 1976) and by Kruskal and Wallis’ selected compari-
sons (Langley, 1979). In the two-way analysis of vari-
ance, both the factors (time and treatment) were also
tested for their interaction. The chosen probability of
error was 5%.

Results

Figure 1 summarizes changes in the testosterone
(T) production by the testicular mince. Under the
experimental conditions used, maximum stimula-
tion in terms of T production was obtained 4 hours
after incubation. However, no significant differ-
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Fig. 1. Time-response curve to demonstrate maximal hCG-
induced (100 IU/ml) testosterone production by testis minces
after 4 hours of incubation. Significant differences in the tes-
tosterone production were observed after 4 hours for both the
control (p < .005) and gossypol-treated (7 x 10~¢M) group (p
< 0.005). However, no significant difference was observed be-
tween the control and the gossypol treatment group (p > 0.05).
Each value illustrates the mean (+ SE) of triplicate observations.

ences were observed between control and gos-
sypol treatment groups (p > 0.05) (Figs. 1, 2). The
preincubation of testis mince with gossypol for 1
to 4 hours did not inhibit testosterone production
at any of the three concentrations used (Fig. 3). No
significant differences between the treatments (p
> 0.05) and no significant interaction between time
and treatments (p > 0.05) were observed. After 8
hours of incubation (4 hours preincubation with
gossypol, followed by 4 hours incubation with
hCG) marked reduction in the testosterone con-
centration was observed in all the groups, in-
cluding the control (Fig. 3).

When whole testes from immature rats were in-
cubated with different concentrations of gossypol,
10 pg (7 X 10-¢M), 100 pg (7 x 10~5 M), 500 pg
(3.5 x 10~* M), marked inhibition in testosterone
production was observed (Fig. 4); the inhibition
was significant at 100 pg (p < 0.01) and 500 pg (p
< 0.005) of gossypol (Fig. 4). However, no inhi-
bition in testosterone production was observed
when the whole testis from the gossypol treated
rats (100 mg/kg) was incubated in the presence of
hCG; the testosterone production in the treated
group was not different from that of the control
(Fig. 5).
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Fig. 2. Effect of gossypol on hCG-induced testosterone pro-
duction by testis minces. Two hundred mg of testes minces
were incubated with 100 pg (7 x 10-5M) and 500 pg (3.5 x
10-4M) of gossypol for 2 and 4 hours [In the testis minces
incubated without hCG, the T concentration in the media was
0.96 ng/ml (+0.15)]. After incubation media testosterone was
measured by radioimmunoassay. Each point represents the
mean (+SE) of five observations. Differences in testosterone
production along with the time and treatment were observed,
but the interaction was not significant (p > 0.05). The level of
significance was the same when the experiment was repeated.

Discussion

In our investigations, we have used Bartke's
method with little modification for in vitro testos-
terone production (Bartke and Lackritz, 1981). Es-
sentially, there are three different methods em-
ployed for in vitro testosterone production: use of
1) isolated Leydig cells, 2) testicular mince or sus-
pension, and, 3) whole testis. The results obtained
by various workers for in vitro testosterone pro-
duction in the presence of gossypol using different
methods are in agreement (Hadley et al, 1981; Lin
et al, 1981; Saksena et al, 1981). In the present in-
vestigations however, we have not observed in-
hibition in testosterone production when testis
minces from adult rat were incubated with dif-
ferent concentrations of gossypol for varied time
periods. Our results do not agree with those of
Hadley et al, 1981 and Lin et al, 1981. This dis-
crepancy in the results may be due to different
concentrations of gossypol. It should be men-
tioned that gossypol used by these workers is dif-
ferent from that used in our studies. Quite inter-
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Fig. 3. The effect of preincubation with gossypol, 10 pg (7
x 10-M), 100 pg (7 x 10-5M), 500 pg (3.5 X 10~*M), on
testosterone production by testis minces. Two hundred mg of
testes minces were preincubated with gossypol for 1 to 4 hours.
After preincubation, buffer with 100 IU hCG/ml was added and
the incubation continued for an additional 4 hours. Media tes-
tosterone was measured by radioimmunoassay. At zero time
the T values were 2.5 ng/ml (£0.95), 2.4 ng/ml (+0.83), and
2.0 ng/ml (*0.74) after 10 pg, 100 ug, and 500 pg of gossypol,
respectively. Each point represents the mean (= SE) of five ob-
servations. No significant difference in testosterone production
was observed.

estingly, Saksena et al, 1981, have reported that
the effect on testosterone production of gossypol
from different sources was not uniform even at the
same molar concentrations.

The discrepancy in testosterone production ob-
tained with different batches of gossypol is diffi-
cult to explain. Earlier it was thought that the im-
purity of gossypol plays an important role in its
biological effects. Recently, Waller and his associ-
ates (1981) have, however, shown that the impur-
ities present in the gossypol samples do not alter
the biological efficacy of the compound. It has
been reported that gossypol exists in two isomeric
forms, i.e., dextrorotatory and levorotatory. It is
quite reasonable to believe that the levorotatory to
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Fig. 4. Effect of gossypol on hCG-induced testosterone pro-
duction by whole testis of immature rat.The whole testes were
incubated with different concentrations of gossypol, 10 ug (7
x 107¢M), 100 pg (7 x 10-5M), 500 pg (3.5 x 10~*M) for 4
hours. After incubation, media testosterone was measured by
radioimmunoassay. [In the testis incubated without hCG, the
T concentration in the media was 0.66 ng/ml (*0.05)]. Each bar
represents the mean (+SE) of five observations. Significant dif-
ferences in testosterone production were observed after 100 ug
of gossypol treatment (p < 0.05) and 500 pg of gossypol treat-
ment (p < 0.01). The level of significance was the same when
the experiment was repeated.

dextrorotatory ratio of gossypol might be the de-
ciding factor. Waller and his associates have
shown that the biological activity of gossypol is
associated with the levorotatory form (Waller et al,
1982). It is quite possible that the ratio of dextro-
rotatory to levorotatory isomers is different in gos-
sypol batches isolated and purified by different
groups, and therefore exerts different biological ef-
fects.

We have observed marked inhibition in testos-
terone production in immature rat testis after gos-
sypol treatment; the observations are very dif-
ferent from that of the mature testis. The inhibition
in testosterone production in the testis of imma-
ture rats after gossypol treatment may be due to
1. high concentration of gossypol/gram tissue
weight or gossypol/Leydig cell; the difference in
the number of Leydig cell/testis from 21-day-old
rats (the juvenile phase) and from adult rats is al-
most twenty-fold (Paz et al, 1980a), 2. the metab-
olism of Leydig cells in terms of testosterone pro-
duction is different in the early juvenile phase (the |
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Fig. 5. Effect of gossypol on testosterone production by im-
mature rat testis in vivo. Immature rats (three weeks old) ex-
to a single oral dose (100 mg/kg body weight) were sac-
rificed after 24 hours and the whole testis was incubated in the
presence of hCG for 4 hours. After incubation, the media tes-
tosterone was measured by radioimmunoassay. Each bar illus-
trates the mean (= SE) of six observations. No significant dif-
ference was observed in the two groups.

main androgens produced are 5 k-reduced metab-
olites) while in the late juvenile, early puberty, and
adult stages, testosterone is the major androgen
product (Paz et al, 1980b) 3. the metabolism and
biological response of gossypol is different in im-
mature rats.

We have not observed any changes in the serum
level of testosterone 24 hours after administration
of a single high dose of gossypol, (Weinbauer et
al, 1983) nor have we found any effect on testos-
terone production 24 hours after gossypol treat-
ment. It is quite possible that the duration of gos-
sypol treatment in the immature rats was not suf-
ficient to induce any effect on T production.

In conclusion, our studies suggest that gossypol
does not inhibit T production in testes minces from
the mature rat testis. However, at high concentra-
tions, gossypol inhibits testosterone biosynthesis
in the immature rat testis, the inhibition possibly
being due to a decrease in the number of viable
Leydig cells and/or the direct effect of gossypol on
T biosynthesis.
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