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This study reports on the effects of optical isomers of gossypol administered intratesticularly on
testicular ultrastructure and fertility in rats. Gossypool isomers were administered to adull male rats
by daily intratesticular injections for up to two days at a dose of 1200 ugm/testis. The results of this
study have demonstrated that' the intratesticular injection of racemic and (—} gossypol at a dose of
1200 ugm for 1 or 2 days mimic the effect of gossypol on rat testis gfter oral administration of 20 to
30 mg dose for 5-7 weeks? (—)-gossypd! was found to be 81% effective in inducing mitochondrial
sheath damage in the late spermatids of stage VI, VII end VIII tubules compared to 67% for racemic
and 7% for (+ )-gossypol”? the intratesticular injection of () and (—)-gossypol (1200 ugm/testis,
daily for 1 or 2 days) induces complete infertility three weeks after the last injection.

Introduction

he effect of gossypol on male fertility and on the mor-

phology and biochemistry of the testes, epididymides
and epididymal sperm has been the subject of considerable
attention in recent years. Gossypool is known to be effective
as male contraceptive in several mammalian species, includ-
ing man, but problems related to reversibility and hypoka-
lemia have arisen in some patients taking this drug (Qian
“and Wang, 1984™). Although efforts to synthesize chemical
analogs of gossypol which lack adverse effects have resulted
in several compounds which are active as spermicides in vi-
tro, none of these compounds have been successful as an
antifertility agent in vive (Wang, Lou and Tang, 1979;7
Manmade, Herlihy, Quick, Duffley, Burgos and Hoffer,
1983:'* Meltzer, Bickford and Lambert, 1985;'° Hoffer, Ag-
arwal, Meltzer, Herlihy, Naqgvi, Lindberg and Matlin,
1987:' Hoffer, Agarwal, Meltzer, Naqvi and Matlin, 1988;*
Sonenberg, Huang, Ren, Su, Watanabe, Haspel, Corin and
Hoffer, 19887). The discrepancy between the activity of test
compounds in vivo and in vitro has been especially perplex-
ing in the case of diethylgossypol (Meltzer et al., 1985;"
Hoffer et al., 1987;7 1988 a compound which differs from
gossypol by the absence of only one methyl group in the iso-
propyl moiety. In vitro, diethylgossypol is a potent spermi-
cide against hamster sperm but in vive it is entirely devoid
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of contraceptive activity in the same species (Hoffer et al.,
1987;7 1988%); similar discrepancies have been observed with
other chemical analogs of gossypol also.

It is not clear why compounds so similar in structure should
differ so radically in physiological activity. A possible ex-
planation is that the bicavailability of the test compounds
may be limited, resulting in their failure to reach the germ
cells in sufficient concentrations to interfere with their func-
tions. An alternate possibility is that the test compounds
undergo structural changes in the body which render them
inactive at the target sites. Questions concerning the bioa-
vailability of orally-administered experimental contraceptives
have prompted us to utilize intratesticular injections of water-
soluble forms of gossypol (gossypol-PVYP) and related com-
pounds as a means of exploring their antifertility potential.
This approach combines the advantages of an in vive and
in vitro system so that morphological and contraceptive
effects of known amounts of test compounds can be eval-
uated in the whole animal with the speed and low require-
ments for test compounds normally expected from in vitro
assay systems. In addition, this test system minimizes the
possibility of testicular effects due to interference by meta-
bolic products of gossypol produced elsewhere in the body
and enhances the bioavailability of gossypol in the testis due
to its local administration and water solubility. The purpose
of the present paper is to report for the first time"the mor-
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phological and antifertility effects of intratesticularinjections.
of 1200 ugms of (&), (+) and (—)-gossypol-PVP in adult’-

rats.

Materials and methods

Preparation of Co-Precipitates of Gossypo! and
of Other Analogs with Polyvinyl-pyrollidone {PVP)

Gossypol and its analogs were bound to. PVP (Eastern Ko-
dak Company, Mol, Wt. = 40,000) in order to obtain water-
soluble compounds according to the procedure of Waller,
Zaneveld and Fong (1980°) gossypol-PVP co-precipitate
was prepared by dissolving gossypol in a minimum volume
of ether and diluting with methanol to a_ cnncmtrauun nf

0.01 g/ml, resulting in a final salutmn containing no mnre_'i
than 1% ether. PVP was dissolved in a minimum volume

of methanol and mixed wltl} the gossypol solution in the ra-
tio of 4:1. Solvents were removed.in vacuo at 40°C utilizing

a rotary evaporator initially set at half speed when the vo- -

lume was minimal in order to insure the fnrmatmn nf a co-
precipitate having a fluffy consistency. -

Intratesticular Injections

For each sterecisomer and time interval tested, male rats were.
injected in each testis with 1200 ug of {(x ), (+) or (—)-gos-~...

sypol-PVP or PVP saline alone. Intratesticular injections
were performed by making a small incision in the scroturmn,
exposing the testis and carefully injecting 200 ul of the test
solution with a 30 gauge needle fitted to a 1 mi tuberculin

syringe. The incision was then closed by a 4.0 silk suture. .
Care was taken to avoid damage to any major testicular blood

vessels and to avoid testicular infection by using a fresh nee-
dle for each injection. Appropriate conirol animals using

PVP-saline alone received intratesticular injections accord- .

ing to the same schedule.

Light and Electron Microscopic Studies

Sexually mature male rats (CD strﬁiﬁ, Charles Rivat"La’bﬁiﬁ '_

atories) weighing 300-325 g were employed for ultrastructural
studies. Animals were divided into four treatment groups

according to the regimen and stereoisomers used. Control

rats in Group I {n = 5) received daily intratesticular injections

of PVP-saline (1200 ug/testis) for 1 and 2 days. Group IT
rats were injected daily w1th (£) gnssypul-PVP {1200

ug/testis) for 1 and 2 days (n= 10). Rats in Group ITI were
treated with intratesticular injections of (+]-gu553rpol -PVP
(1200 ug/testis/day) for 1 and 2 days (n=3); rats in anup
IV received intratesticular injections of (—)-gossvool-PVP
(1200 ug/day) for 1 and 2 days also (n=7).

At the end of the experiment, the rats were anaesthetized
and their testes exposed by scrotal incision. The spermatic
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-cord was gently dissected free and ligated twice, approxi-

mately 0.5 ¢m apart; the cord in bétween the ligatures was
severed.- The testis was transferred-to a 10 m! beaker filled
with saline and the testicuylar artery was cannulated with a

25 gauge needle attached to a 25 cm piece of polyethylene

tubing (Clay Adams PE 60). This tubing was connected by
a 3-way valve to a standard 140 cm high perfusion system.
The testis was flushed briefly with 0.9% saline then perfused
with 5% glutaraldehyde in 0.1 M collidine buffer (pH 7.4).
Immediately after the saline entered the testicular agtery, the -

- spermatic-cord 'was severed:.proximal to the ligature to pro-

vide a route for the effluent. After the testis blanched (about:
10 seconds), saline was replaced with fixative and the per-
fusion continued for 25 minutes. The testis remained im-

mersed in fixative for an additional 45-60 minutes ther:aftcr |
TISSHEE were then cut into 1 mm thick blocks, rinsed briefly”

in buffer and postosmicated in 1.33% OsO, and buffered
with 0.1 M collidine buffer for 2-3 hours. The tissues were

dehydrated in a series of increasing concentrations of cold
acetone and embedded in Araldite. Thin sections showing
pale gold interference colors were cut with a diamond knife
on a Sorvall MT-6000 microtome and stained with uranyl
acetate (1:1 solution of saturated uranyt acetate and etha-
nol) followed by lead citrate (Venable & Coggeshall, 1965*).
Sections were examined under 2 Phillips 200 or Jeolco 100
S electron microscope. For light microscopy, sections were
cut from the same blocks at 0.5 to 1.0 u thickness and stained
with toluidine blue.

- Late spermatids in stages 6 10 9 were observed under elec-
" tron microscope to detect gossypot defects in the mitochon-

drial sheath of step 18 & 19 spermatids. The number of tu-
bules showing gossypol damage in late spermatid stages were -
counted and per::ﬂtag& of affected tubules was calculated
as fﬂliuws

Numbtr nf tubuics shnwmg gnssypol dcfects |
- Total number of tubules scored

Chi-square test was used to calculate the level of signiticanﬁ:
P value less than 0.01 was considered to be significant,

Mating Studies

Maimg studies were cnnduct:d to evaluate the fertility of
rats intratesticularly injected with 1200 ug of (), (+) or
(~)-gossypol-PVP of PVP alone in 200 ul sterile saline per
testis for 2 days, Sexually mature males {1 = 40) weighing
between 300-325 gm and female CD rats (n = 240) weighing
between 225- 275 gm from Charles River Laboratories were
dmded into 4 groups. Group I: control animats received 1200
ug PVP:" testis, daily for 2-days (n=10); Group II; 1200 ug
(:hl-gnss}'pﬂl -PVP/iestis, daily for 2 days'{m=12); Group
ITI: 1200 ug (+)-gossypol-PVP/testis/day for 2 days (n=12);
Group I'V: 1200 ug (—)-gossypol-PVP /testis/day for 2 days
fn=1ll)
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At the end of each injection regimen, the males were isolated
and kept in wire mesh cages for 2 weeks, Two weeks after
the last injection the males were individually housed with
2 sexually mature females for 6 days. Males were separated
from females on the 7th day and were housed with fresh set
of females on the 8th day. Mating studies were conducted
2, 3 and 4 weeks after the last intratesticular injection. Fe-
males were sacrificed 7 days after the end of cohabitation
period and pregnancy was confirmed by counting the number
of embryos in both horns of uterus. The males were consid-
ered to be fertile if they impregnate any of the 2 females.
The percent fertility was.calculated as follows:

Number of fertile male |
Total number of males used for mating.

% fertility =

Hesults

Morphological Studies with kacemic Gossypol-PVP

The morphological effects of intratesticular injections of 1200
ug/testis of racemic gossypol-PVP and PVP-saline alone were
examined after 1 and 2 days of treatment and compared with
those in rats made infertile with orally-administered gossy-
pol. Earlier observations on the histological and ultrastruc-
tural changes seen in testes of rats treated orally with gos-
sypol (Hoffer, 1983%) served as a baseline for the present
study and can be briefly summarized as follows. Specific elec-
tron microscopic defects in the mitochondrial sheath of step
18 and 19 spermatid were observed by the 5th week of oral
administration of gossypol. At the same oral dose, but at
time intervals of 7-11 weeks, 10-20% of the seminiferous
tubules eéxhibit varying amounts of intraepithelial vacuoli-
zation due primarily to the formation of sertoli cell vacu-
oles, This vacuolization, a well known non-specific response
of sertoli cells to various forms of injury (Fawcett, 1975
occurs after the decline in fertility and the appearance of
the step 18 and 19 spermatid mitochondrial defects, suggest-
ing that the Sertoli cell changes are not related to gossypol’s
antifertility effect.

In the present study, light microscopic observation on the
control group of intratesticularly injected rats exhibited no
- differences in testicular histology between PVP-saline injected
(Figs. 1 and 2) and uninjected animals after 1 and 2 days.
Sertoli cells and geminal cetls in different stages of devel-
opment were present in all seminiferous tubules. Interstitial
elements including Levdig cells, blood and lymphatic vessels
and connective tissue cells were also entirely normal in their
appearance throughout the testis. The ultrastructural features
of the seminiferous epithelium, including the mitochondrial
sheath of step 18 and 19 spermatids (Fig. 3) and interstitial
elements were also normal in all respectsin t and 2 day PVP-
saline injected control animals. |

¥ 100

Fig. 1 - Intratesticular injections of PVP-saline administerad to control
rats at a dose of 1200 ug/testis/day for 2 days. The light micro-
graphs of control rat testis injected for 2 days show seminiferous.
tubules with normal histological appearance. No differences bet-
ween PYP-saline injected or uninjected (not shown here) testes
are observed after 2 days. x 850,

L.

:
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Fig. 2 - Intratesticular injections of PVP-saline administered to control
rats at a dose of 1200 ug/testis/day for 2 days, The light micro-
graphs of control rat testis injected for 2 days show seminiferous
tebules with normal histological appearance. No differertes bet-
ween PVP-saline injected or uninjected (not shown here) tesies
are observed after 2 days. x &50.

One day after intratesticular irijection of racemic gossypol-
PVP, the seminiferous epithetium looked normal at the light
microscope level except that some intraepithelial vacuoliza-
tion and prematiire sloughing in step 19 spermatids was ob-
served in few affected tubules. The sertoli cells appeared un-
affected. No effect on the Leydig cells, blood and lymphatic

-vessels in the interstitium was obiserved. However; at the ultra-

structural level, 25% of thé sepririiferous tubules exhibited
mitochondrial sheath defects it step 18 and 19 spermatids
after 1 day intratesticular injections of racemic gossypol-
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Fig. 3 - Electron micrograph of a stage VII seminiferous tubule from a
testis intratesticularly injected with PVP-saline {1200 ug/testis/day
for 2 days). Notice that the mitochondrial sheaths of 1he step 19
spermatids appear completely normal, The alignment of the mit-
ochondria around the axonemal complex is regular, the cristae
are neither swollen nor collapsed and there are no major discon-
tinuities or ruptured mitochondria along the length of the mid-
piece. % 11000,

»*

PVP. Some of the affected mitochondria lacked cristae or
exhibited small vacuoles in place of cristae (Fig. 4). Occa-
sional discontinuities in the mitochondrial sheath were also
a characteristic feature in this treatment group. These mit-
ochondrial defects were similar to those induced after daily
oral administration of 10, 20 and 30 mg/kg of gossypol ace-
tic acid for § weeks (Hoffer, 1983%).

After 2 days of intratesticular injections of (x)-gossypoi-
PVP, the light microscope changes in the testis were more
pronounced. As animals treated for 1 day, premature slough-
ing of step 18 and 19 spermatids was observed (Figs 5 and
6}. In addition, some non-specific effects of gossypol treat-
ment such as intraepithelial vacuolization, vacuolization of
round spermatid nuclei and multinucleate giant cell forma-
tion was also seeni. At the ultrastructural level, 67% of the
seminiferous tubules exhibited pathognomonic defects in the
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Fig. 4 - [n ratsintratesticularly injected with racemic gossypol-P VP, )
ug/testis/day) for 2 days, slighi defects in the mitochondrial sfiea
in step 18 and 19 spermatids can occasionally be observed. As i
in this electron micrograph, some of the affected mitochongria
lack cristae or exhibit small vacuoles in place of cristae [cfﬁ &.}
3) x25000. ’

Fig. 5 - After 2 days of intratesticular injection with ctacemic gossypol-
PVP (1200 ug/testis/day), more pronounced changes in the.
testis are observed, including premature stoughing of elorgiis
spermatids, intraepithelial vacuolization and vacuolization of R
spermatid nuclei {c.l. Fig. 1 and 2) x 830, )




A. Agarwal
antifertifity and Ultrastructural Effects of Gossypo

Fig. 6 - After 2 days of intratesticular injection with racemic gossypol-
PVP (1200 ug/testis/day), more pronounced changes in the rat
testis are observed, including premature sloughing of elongating
spermatids, intracpithelial vacuolization and vacuolization of round
spermatid nuclei {(¢.f. Fig. 1 and 2) x425. _

midpiece of step 18 and 19 spermatids after 2 days of intrat-
esticular injections. Midpiece defects especiaily discontinu-
ities and degeneration in the mitochondrial sheath seen in
this treatment group were similar to earlier observations
(Hoffer, 1983%). No ultrastructural difference in Leydig cell
structure could be observed between control or 2 day
gossypol-PVP injected rats.

Morphological Studies with (—)-Gossypol-PVP

In order to determine whether intratesticular injection of the po-
tent {—)-gossypol-PVP can produce morphological effects sim-
ilar to or more severe than that of comparable doses of intrat-
esticularly injected racemic gossypol, the effects of daily injec-
tions of 1200 ug of (—)-gossypol-PVP for 1 and 2 days were
examined. At the ultrastructural level, the differences between
the effects of the (—) and ( & }-isomers on mitochondrial sheaths
of late spermatids were not significantly different (Table I).

Table I - Percentage of Affected Seminiferous Tubules* in Rats Receiv-
ing Intratesticular Injections of Saline-PVP, ( +)}-Gossypol-PYP,
(—)-Gossypol-PVP or () + Gnssypn{-PVP {1200 un/testis/day)

For 2 Days

Group Pe EHT“’J“'HWT '_“““ ChiSquaré Value P Value
i: PVP-Saline 0% 7.2 <0.01
I: {+)}Gossypol-PVPb | T8 o
II: {+)-Gossypoi-PVP Fh .
III: (+)-Gossypol-PVPP 5% T76.6 «0.01
II: (+)-Gossypol-PVP T | |

IV: {~)-Gossypol-PVP? B1%% 112.5 < 0.01

HE: (+ )-Gossypol-PVP . 67% |
1¥: (—)}Gossypol-PYP BI% o NS

. 1 Tubulet showing mitochondrinl defects in Late spérmatids.
» Number of testes scored i each group was five. -

However, significant differences (P <0.01) between the ef-
fects of (—)-gossypol-PVP and PVP-saline injected rats (1200
ug/testis, daily for'1 and 2 days) on mitochondrial sheaths
of late spermatids were observed. Histological changes in
the testis at the light microscope level in (—) and () intrat-
esticularly injected animals were also similar in nature and
included sloughing of late spermatids in lumen, intraepithel-
ial vacuolization and vacuolization of round spermatid nu-
clei (Figs. 7, 8 and 9).

Morphological Srudies' With 1’ + )-Gassjgof—P VP

The ascertain: whether intratesticular injection - of
(+)-gossypol-PVP can produce the same morphotogical ef-
fects as (—) and (&) at comparable doses, the effects of da-
ily injections of 1200 ug of (+ )-gossypol-PVP for 1 and 2
days were examined. No significant differenices between the
hight microscope effects of intratesticulariy-injected
{ +)-gossypol-PVP and the other two isomeric forms were

7 il

Fig. 7 - Efectron micrograph of step 19 spermatids after intratesticular in-
jection with (=)-gossypol-PVP {1200 ug/testis/day) for 2 days
showing severe mitochondrial sheath defects in late.spermatids.
Notice the severely vacuoiated and disoriented mitochondria which
have fallen away from the axonemal complex; several midpiece
profiles can be recognized in which the outer dense fibers are al-
most completely denuded of mitochondria. x 11000,
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Fig. 8 Electron micrograph of step 19 spermatids after intratesticular in-
jection with {(—)-gossypol-PVP (1200 ug/testis/day} for 2 days
showing severe mitochondrial sheath defects in late spermatids.
Notice the severely vacuolated and disoriented mitochondria which
have fallen away from the axonemal complex; several midpiece
profiles can be recognized in which the outer dense fibers are al-
most completely denuded of mitochondria. »9000.

detected. However, at the ultrastructural level, a significantly
lower rate of degenerating and/or deleted mitochondria in
midpieces of step 18 and 19 spermatids of (+)-gossypol-
PVP injected rats was cbserved (Tabie I); other morpholog-
ical characteristics of the seminiferous epithelium were sim-
ilar to those in the (%) and (—)-isomer treatment groups.
Significant differences (P<0.01) between the effects of
(+)-gossypol-PYP and control PVP-saline injected (1200
ug/testis, daily for 2 days) rats on mitochondrial sheath of
late spermatids was observed, No changes between these two
groups after 1 day of injection with the same dose was found.

Fertility Studies

The results of the fertility studies are shown in Table II. It
was found that all males injected with either racemic gossypol-
PVP or (—)-gossypol-PVP (1200 ug/testis, daily for 2 days)

IR4

Fig. 9 - Severe mitochondrial defects in the mitochondrial sheath of step
17 spermatids are shown in this clectron micrograph {from ancther
rat intratesticularly injected with (—)-gossypol-PVP (1200 ug/tetis/
day for 2 days). Marked vacuolization and degeneration of the
cristae can easily be recognized in the mitochondria. Changes as
severe as these are almost never seen in testes injected for ¢tin-
parable lengths of time with the PVP-coprecipitate of the raceesic
isomer. X 13000.

Table [I - Fertility in Rats Receiving Intratesticular Injections of Seline

PVP, (+)-Gossypol-PVP, (—)-Gossypoi-PVP or ( = -Gossypol-PYP
{1200 ug/day) for Two Days

2 Weeks After 3 Weeks After 4 Weeks After

Croup Last Injection Last Injection Last Injection

I: (n= 10 100% 0% S0%
Saline-PVP

I: (n=12) 100%% 100% 1009
(+)}-Gossypol-PVP

HI: (n=12) - 2% 0t 0%
(—)}-Gossypol-PVP

W:m=11P® - Ti%e - 0% 4],

{ & )}-Cossypol-PYP

fected) mabes ware scored.

Group IV origioally had 14 males, bur estes bn 3 males became infected; hence enly INCRpESY
mated with 1] {uninfected) maies were scored.

. ﬂfmplodrnhrhd 13 muales. tesees in 3 of Lhe mates became Infected; hence only thit Maiiea
meied with 10 (unin
| ]
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were infertile by the third week after cessation of treatment,
whereas all the males injected with (+ )-gossypol-PVP and
majority of the PVP-saline injected controls were fertile, At
the end of the mating study, the males were sacrificed in order
to examine the reproductive tract. In some cases, males were
found to have developed testicular infections four weeks after
the last injection (see Table II for details) in the form of ad-
hesions, swelling etc; caudal sperm from these animals were
immotile. The data from females mated with males found
to have testicular infections 4 weeks after last injection was
not included in this study, as it was not possible to ascertain
whether females mated awith these males became infertile be-
cause of drug action or due to testicular infection. Utmost
care was taken to avoid testicular infections by using fresh
needles for each testis injected and by using sterilized instru-
ments.

Discussion

Numerous investigators have employed intratesticular injec-
tions to study a variety of agents or phenomena (Russell,
Malone and MacCrudy, 1981;% Russell:2 Wiebe and Barr,
1984*") however, there are no reports on the effects of mi-
croquantities of gossypol isomers (+), (—) and (+) on the
testicular ultrastructure or fertility after intratesticular injec-
tions. The morphological, ultrastructural and antifertility
effects of { + ), (—) and ()-gossypol isomers at similar dose
and length of treatment is reported here for the first time,
The present study has clearly demonstrated that intratestic-
ular injections of ( x)-gossypol-PVP at a dose of 1200 ugm
for 1 or 2 days mimic the effect of gossypo! on rat testis after
oral administration of 20 to 30 mg dose for 5-7 weeks {(Hoffer,
1983°%). After 1 day of intratesticular injections of (= )-iso-
mer, slight defects in the mitochondrial sheath (absence of
cristae, discontinuities in mitochondrial sheath, etc.) in step
18 and 19 spermatids were observed. These mitochondrial
defects were similar to those induced after daily oral admin-
istration of 10, 20 and 30 mg/kg gossypol acetic acid for
5 weeks (Hoffer, 1983%). No significant differences in the
intensity of light microscopic changes, vis: intraepithelial vac-
uolization, premature exfoliation of germ cells, vacuoliza-
tion of round spermatid nuclei, giant cell formation and
presence of degenerating cells, was observed in the testis after
intratesticular injection of either (+), (—) or (+) gossypol-
PVP complexes at a dose of 1200 ugm, daily for 1 or 2 days.
At the ultrastructural level, however, a significantly lower
rate of degenerating and/or deleted mitochondria in mid-
pieces of step 18 and 19 spermatids was observed in
{ +)-gossypol-PVP injected testis as compared to either (%)
or {—) isomers. Similarly, a striking difference between the
effects of (—) and () isomers on the testicular ultrastruc-
ture was observed in the present study. (—)-gossypol-PVP
was found to be almost 81 % effective in inducing mitochon-

drial sheath damage (deletions and degenerations of cristae)
in the late spermatids of stage VI, VII & VIII tubules com-
pared to () gossypol-PVP which causes milder effects (dis-
organization, discontinuities of mitochondrial sheath, etc.)
in fewer tubules (67%). The finding of our study that
(—)-gossypol-PVP is more effective in inducing pathogno-
moni¢ defects in mitochondrial sheath of late spermatids than
() gossypol is in agreement with reports that antifertility
activity of (—) isomer in hamster is twice as much as the
racemic mixture (Matlin, Zhou, Bialy, Blye, Naqui and Lind-
berg, 1985'). This is not surprising since (+ )-gossypol has
been reported to be inactive (Waller, Bunyapraphatsara, Mar-
tin, Yournazos, Ahmed, Soejarto, Cordell, Fong, Russell
and Malone, 1983%), The presence of ( + )-gossypol in the
racemic mixture may provide some protection against the
effect of (—)-gossypol by competing for the same site of ac-
tion.

The presence of complete infertility in rats intratesticularly
injected with racemic and (—)-gossypol (1200 ugm/testis,
daily for 1 or 2 days) three weeks after the last injection is
in agreement with earlier reports (Hoffer, 1982%. The three
week interval between initiation of gossypol treatment and
the apearance of defective spermatozoa in the caput epidid-
ymidis may indicate that gossypol has a direct effect on germ
cells (step I8 and 19 spermatids) in the testis and that this
length of time is required before the damaged cell reach the
epididymal duct.

Clinical trials in China, Japan and Brazl, as well as numer.
ous animal studies, leave little doubt that gossypol is an an-
tifertility agent (National Coordinating Group, 1978; "Hosh-
iai, Yehara, Mari, Nagaike, Tsuike and Suzuki, 1982;? Pra-
sad & Diczfalusy, 1982;"° Coutinho, 1984;% Hoffer, 1985%.
However, very little is known about the mechanism of ac-
tion of gossypol, a number of reports have described its ef-
fects on spermatogenesis and sperm metabolism. Administra-
tion of gossypol to rats in high doses leads to mitochondrial
and flagellar damage in testicular and epididymal sperma-
tozoa (Hoffer, 1982;* 1983;* Oko and Hrudka, 1982") and
to a decrease of sperm ATP content with a concomitant loss
of motility (Ke & Tso, 1982"), Biochemical evidence indi-
cates that gossypol interacts either with specific enzymes in
mitochondria, including succinate dehydrogenase, cytoch-
rome oxidase and microsomal oxidase (Lyman, 1959%,
Myers & Thornberry, 1966} or with proteins (Ko, Lin, Lin,
Chang, Mar, Yu and Din, 1979;" Lyman, 1959'%. Being a
polyphenolic compound it also posses an oxidative phosphor-
ylation uncoupling effect (Abou-Donia & Dieckert, 1974").
The present study emphasizes the importance of using the
intratesticular injection which offers several potential ben-
efits over other routes of administration (viz: intraperitoneal,
intravenous, oral, etc.) used to expose the testis to various
agents. Intratesticular injection can be used to study direct
effects of agents of unknown toxicity to the testis. Alterna-
tively, agents whose effects are very specific and well doc-
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umented can be injected to observe the consequences of dis-
ruption of specific pathways/organelles. The most important
advantage of this route of drug administration is the reduc-
tion in the amount of drug injected, significant reduction
in the length of drug treatment and lastly presence of no art-
ificial effects due to multiple entry of injection needle into
the testis.
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