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2Abstract

ABSTRACT

Gossypol, a polyphenolic compound isolated rrom cotton seeas, nas Deem

considered as a potential male antifertility agent. To explore more about

its antifertility mechanism, gossypol effect on selenium specific enzyme,

glutathione peroxidase (Se-GSH-Px), and other selenoproteins in the male

hamster gonads were investigated. Se-GSH-Px, an enzyme protecting the

cells from oxidative damages, was demonstrated to be highly susceptible to

gossypol inhibition. Only about 30% enzyme activity was remained in the

spermatogenic cells after six weeks of drug treatment.

Fluorometric determination of the gross selenium content in various

tissues throughout the body revealed no any significant change after

gossypol administration. Selenium content of the spermatogenic cells from

testis and spermatozoa from epididymis was also unaffected.

75Se., in form of selenite was administered intratesticularly into the

animals. Part of the label was incorporated into the spermatogenic cells

and the others was incorporated into the testis cytosol proteins. Cell

separation by velocity sedimentation under unity gravity demonstrated

gossypol does not affect incorporation of 75Se into the -spermatogenic

cells. SDS-polyacrylamide gel electrophoresis of the spermatozoal

mitochondria vesicle proteins revealed a single 76Se labelled protein (MW

17,500) in both control and gossypol treated animals. However gossypol

seems to reduce the 75Se amount in the mitochondria vesicle proteins.
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Sephadex G-150 chromatography of the labelled hamster testis cytosol

resulted in four 75Se peaks. It appears that gossypol does not affect the

production and turnover of these testis cytosol selenoproteins.

In brief, gossypol inhibition on Se-GSH-Px activity may responsible for

part of gossypol antifertility action. However the inhibition is not

stemmed from influence on the selenium metabolism, since gossypol does

not affect the biosynthesis and turnover of various selenoproteins in the

male gonad.
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CHAPTER 1 GENERAL INTRODUCTION

I. The Necessity of Birth Control

The unabated human fecundity has been recognized to be a great problem.

Though, in nineteenth century, due to the environmental factors, the

population growth in the countries of the Western World slowed to a

virtual standstill and obtained a state of maturation, the world's

population problem had not changed. For the massive population

continues to grow in the developing countries, the world's population

would soon have been considered astronomical to the point of unbearable.

Population from the time of earliest record to the present day has taken

the form of an exponential curve, indicating that the rate of increase has

accelerated. Moreover, the prediction about population trends are always

wide off the mark. Let us take an example, in the 1930s and early

1940s-; several well-known demographers made forecasts on the future

course of the US population curve. All of them forecast US population

would be less than 180 millions of persons by the year 2000, however US

population had already reached a number more than 230 millions by the

year 1985 (Simon, 1981). So the challenges that man has to face would

most probably be much greater than we are now expecting.
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II. Today's Contraceptives

Under the necessity of family planning, contraceptive needs become more

and more profound. Before the late 1950s, couples managed to prevent

conception by sexual abstinence, or to rely on one of a number of simple

fertility control methods use of the rhythm method, or withdrawal, or

condom, or diaphragm. However, in the last two decades, various

contraceptives undergo continues research and now with a wide

availability in the human fertility control field. A comprehensive look at

contraceptive available right now are outlined in table 1-1. The failure

rate of different contraceptive methods in typical users are listed in table

1-2.

Among the contraceptives that available in current market, it is obvious

that many is not popular, some may due to the existing side effects,

others may due to messy and awkward. However, contraception is

inevitable. It is oral contraceptive that can obtain a high degree of

acceptability, not only because of its effectiveness, but also of its

convenience.

III. Male Responsibility in Family Planning

It has been pointed out that before 1950, couples wishing to prevent

conception had neither to avoid sexual intercourse or to rely on one of a

number of simple birth control methods. Most of those birth control

methods involve the participation of the male partner, for example,

condoms, coitus interrupts, vasectomy, or even sexual abstinence during

the unsafe period in rhythm method. However, after the introduction of

the pills, I.U.D. and other methods, the responsibility in fertility



Table 1-1 A comprehensive look at contraceptives available today

Contraceptives Means Mode of action Drawharks Rpmrk

Intrauterine

Devices, IUE

-a small device inserted

through the cervix into

the uterus

-unknown

-believed to inflame

the uterine lining so

that egg will not

implant

-usually run a greater

risk of contracting

pelvic inflammatory
disease which often

leads to sterility

-uterine perforation

followed with intestinal

obstruction

-accidental pregnancies
in the FalloDian tube

-major IUD

maker had

withdraw their

popular models

from the market

-will be

increasingly
unavailable

Oral Contra¬

ceptives

-pills containing differ

ent dosage of estrogen

and progestin

-minipills containing

only progestin

- -cause a diminution

in the output of

pituitary gonado-

trophins leading to

an inhibition of

ovulation

-immobilizes and kills

sperm by thickening

cervical mucus

-estrogen: cause

complications such as

blood clots and

cardiovascular problems

-progestin: restict the

metabolism of HDL

-used by more than

10 million women

in United Ststes

-benefical effests:

suppress menstrual

disorders, decrease

risk of ovarian

cancer and

(=nrlnrTV=t-r i nm ranrpr

Sterilization -man: vas deferens are

blocked by cauterization

or cutting

-woman: fa11opian tubes

are banded, cauterized,

cut, or clipped

-block the passage of

sperm or ova

-no proven side

effects

-irreversible

-perfect birth

control

(to be continued)



Table 1-1 (continue)

Contraceptives

Diaphraqm

Vaginal

Contraceptive

Sponge

Spermicides

Norplants

-dome-shaped rubber

device has a flexible

rim that hooks behinc

the pelvic bone to

cover the cervix

-disposable poly-

urethane sponge

contains the

spermicide

non-oxynol-9

-creams,j e11ies or

foams all contain

the same active

ingredient

non-oxynol-9

-can also be purchased

as suppositories

or tablets

-two slender silicone

rubber rods are

inserted beneath the

skin in a women's

arm where they slowly

release low dose of

progestin

Mode of action

-prevent the passage of

sperm to the ovum

—kills the sperm

-kills the sperm

-similiar to that of

pills

-increase the risk oJ

toxic-shock syndrome

and urinary-tract

infections
—hirVh -Ft lanro

-increase the risk of
fnvi r—crh ci7riHrvrnc

-effective after 15

min. and before an

hour, hence need a

timer or a very
r 1 oor

-no serious side

effects have yet

D m

-messy and

unattactive

-leading seller

in the over-

the-counter

-important item

in contraceptive

market recently

-used by at least

3 million women

in United States

-effective for 5

years and can be

removed at any

time and fertility

return almost

immediately

-a new method, no
n-4- 11

(fn rnnf i niiprl)

O
CD

fD

M

W
2
rt
1
O
Pi
C
o
rt
H-
O
P

Means Drawbacks



Table 1-1 (continue

Contraceptives

Condom

Fertility-

Awareness

Method

Injectable

steroidal

Contraceptives

Means Modes of action Drawbacks vl-

-a rubber sheath that

wraps the male

sexual organ

-prevent the semen

pass to the uterui

-messy and often awkward

-not convenient, effective

and spontaneous

-offer the best

protection againsl

sexually

trasmitted

diseases, so are
1 V -b v- X—1-

-avoid sex for five

days prior to

ovulation and for

two to three days

afterward

-sex in period ol
mn lm nnavi' lhlo

-high failure rate

-sickness, stress and

infection can often

disquise the signals
for ovulation

-a specific enzyme

in cervical mucus,

guaiacol peroxidase,

may serve as an

indicator of

ovulation, however

diagnostic kits
sti 1 1 nnpvpi1pblp

-medr oxyproges ter one

acetate (Depo-

Provera) given in a

dose of 150 mg every

three months

-appears to be

suppression of

ovulation

-disrupt normal menstrual

cycle

-ovulation and fertility

are slow to return after

the injection are

stopped

-produced disturbing

findings in some animal

toxicological experiments

-not licensed for

general use in the

Unite States

-licensed under

constraint in

United Kingdom



General Introduction

Table 1-2 Failure rates of different contraceptive
methods3

Method
Failure rate in

typical user(%)

Sterilization

Combined oral contraceptives

Progestin-only pills

I.U.D.

Condom

Sponge

Diaphragm with spermicide

Spermicides

foams, creams, jellies,

and suppositories

Coitus interrupts

Rhythm method

Chance (no method)

0. 40

2.0

2.5

5.0

10. 0

10— 20

19.0

18.0

23.0

24.0

90.0

a. adopted from Wilbur, 1986.
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control had completely shift to the females. The field of male

contraception is long lagging behind and the major methods of male

fertility control is still the one that used in past several decades.

These are, not only, a need to share responsibilities between both

partners, but also a need to provide more choices to the field of family

planning. As Forrest Greenslade, senior consultant at the Population

Council of United States, said, No single contraceptive is prefect for

everyone, nor for one person for life., male contraceptives is an area

that we can provide more choices.

IV. Chemical Control of Male Fertility

Male reproduction can be affected through the hypothalamus-pituitary

axis, testes, epididymis, and vasa deferentia (Alexander, 1986). Except

for blockage of vasa deferentia (vasectomy), there are few safe and effect

methods of controlling male fertility. Attempts at chemical control of

male' fertility have been started since 1960, when administration of

testosterone to male rats was found to be antispermatogenic (Heckel et

al., 1951). By far, more than 15 types of chemicals has been explored for

the purpose of male contraception, however most of them were abandoned

(Table 1-3). Though the compounds possess antispermatogenic or

antifertility capacity, their potential contraceptive action is invariably

overshadowed by observation that the compounds are toxic, result in

undesirable side effects, affect libido, sex accessary glands, or the

male endocrine system, or require prolonged, continuous use to be

effective (Jeffcote and Sandler, 1982).
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Table 1-3 Chronology of male chemical contraception

Agent Yfiars of studied

Testosterone

Nitrofurans

Alkylating agents

Thiophenes

Progestins

Bis-diamines

Methallibure

Dinitropyrroles

Cyproterone acetate

-chlorohydrin

Gossypol

'Testosterone enanthate

combination

Lonidamine

6-halo-6-deoxy-D-sugars

LHRH analogues

adopted from Vickery et al., 1986

1949- 1952

1950- 1957

1952- 1965

1956

1958- 1959

1960- 1963

1961- 1965

1963- 1967

1965- 1970

1969- 1972

1970- present

1975- 1980

1976- present

1978- 1980

1978- present
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In finding an appropriate male contraceptive method, several difficulties

will be faced. They include incomplete understanding of the physiology

and biology of the male reproductive system, relative fewer biological

target areas for contraceptive action as opposed to the female, the

proximity of hormone producing cells to the gametes, the steady

production of the reproductive hormone, existence of blood-testis barrier,

the complicated cycling of spermatogenesis. An additional constraints are.r'

imposed by the relative disinterest of the pharmaceutical industry in

developing a male method, hence lack of financial support.

Though there are so many constraints and being a late starter, research

on new methods for male are continuously undertaken. In the following

pages the recent development of gossypol research are reviewed.

V. Gossypol: a Potential Male Contraceptive

A. History of Gossypol Studies

Gossypol is a polyphenolic bis-sesquiterpene that present throughout the

whole cotton plant (genus Gossypium, subtribe Hibisceas, order Malvaceae),

with highest content in the kernel of the seeds (Gallup, 1928; Royce et

al., 1941). It was discovered in cottonseed oil as early as 1886

(Longmore, 1886), and was purified in crystalline form in 1889

(Marchlewski, 1889). No systemic research was conducted after its

discovery until it was found to be a toxic principle in the cottonseed.

Being a major by product in cotton fiber industries, cotton seeds was

used extensively as an animal feed for it's high content of protein and

oil. However, pathological symptoms, such as diarrhea, intestinal

inflammation, loss of appetite and depression of body weight were
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observed in livestocks fed with cotton meal (Schwartze and Alsbery, 1924;

Eagle and Bialek, 1950), and led to abjuration of such attempts. At that

time, studies were confined to the isolation and identification of this

principle (O'Connor et al., 1954; Pons and Guthrie, 1949), and toxicity

studies seems to be the only subject in gossypol researches. Rats, dogs,

rabbits, pigs and chicks were separately reported to develop different

symptoms under gossypol treatment in the subsequent years by different

investigators (Gallup, 1931; Eagle, 1950; Harms and Holley, 1951 Rigdom et

al., 1958).

During this period, from the 1930s to the 1940s, a village in Jiangsu,

China, was reported not to have a single childbirth for as long as 10

years, while no collective infertility was found before and after this

period (Liu, 1957). At the same time many female villagers suffered

menstrual disturbances. Under epidemiological studies, it was found that

the village was under an unprolific years during this period, and for

economic reasons the villagers switched from soybean oil to cheaper crude

cottonseed oil for cooking purposes. With this correlation, in 1957, Liu

suggested that gossypol might cause infertility in female (Liu, 1957).

Later, in late 1960's, people in many rural areas of China has found to

suffer from a disease called burning fever due to abandoned the

commercially manufactured cotton seed oil and used the home made oil

from uncooked cotton seeds for cooking (Hubei Provincial Group, 1967;

Qian, 1984). Burning fever stopped after the patients stopped using

their own raw oil; however, after several years, many couples of this area

were found to suffer from infertility problem. Further investigation found

that it was gossypol that present in the home made cotton-seed oil that

led to azoospermia or oligospermia in men. Men who consumed a lower
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total amount of raw cotton seed oil for shorter periods of time could

recover from this situation, hence infertility is reversible and dosage

dependent. As the most adverse effects of gossypol intake were burning

fever and fatigue, and no serious side effects were demonstrated, this led

investigators to hypothesized that limited dosage of gossypol could act as

male antifertility agent with reversibility. It is this hypothesis that open

a new page of male contraceptive research.

After these findings, several groups started to determine the action of

gossypol on male fertility and simultaneously demonstrated the male

antifertility effect of gossypol (Wu, 1972; Wang and Lei, 1972; Dai et al.,

1972; Wang et ah, 1972; Shandong Coord. Group Antifertil. Plants, 1972;

Zhang and Shi, 1972; Jiangsu Coord. Group Male Antifertil. Agents, 1972;

Qian et al., 1972). After the publication of a review article by the

National Coordinating Group in 1978, the announcement of the discovery

of gossypol has drawn nationwide attention (Natl. Coord. Group Male

Antifertil. Agents, 1978). Since then, universal studies on gossypol had

been conducted up to present.

B. The Chemistry of Gossypol

Gossypol has a molecular weight of 518.54 and a structure of 1,1',6,6'7,7'-

hexahy droxy-5,5'-diisopropyl-3,3'-dimethyl-(2,2'-binaphthalene)-8,8'-

dicarboxaldehyde (Edward, 1958). The crystals of gossypol are

polymorphic, its melting point varies with the solvents from which they

are crystallized: 184, 199 and 214°C from diethyl ether, chloroform and

ligron respectively. These substances have different optical properties

and crystalline forms but show no weighty differences in their chemical
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and spectral behavior indicating that there are no great dissimilarity in

their chemical structures.

Gossypol is insoluble in water, very slightly soluble in petroleum ether,

soluble in ordinary organic solvents such as methanol, diethyl ether,

chloroform, dimethyl-foramide, and freely soluble in diluted aqeous

alkaline with slow decomposition. Considering the multiplicity of reactions

of gossypol, three tautomeric forms of gossypol were proposed (Adams and

Geissman, 1960). They included the aldehyde,, the ketonoid, and the

hemiacetal (Figure 1-1).

NMR spectroscopic study ..of different samples of gossypol revealed that in

ordinary inert solvents, gossypol exists mainly in aldehyde form, while in

polar solvents, such as DMSO, the hemiacetal form occurs in dynamic

equilibrium with the aldehyde form (Baram et al., 1976). It has been

demonstrated that the aldehyde (CHO) groups are active portions related

to antifertility.

As the consequence of atropisomerism, i.e., the restriction of rotation of

the two naphthalene units about the interlinking C-C bond, there are two

optical isomers of gossypol. The spectral characteristics and the melting

points of the (+)-isomer and the racemate are identical, but the former is

more soluble in ordinary organic solvents than the latter. (+)-isomer is

not antispermatogenic in rats and hamsters at dose levels higher than the

effective dose of the racemate (Wang et al., 1987; Yao, 1981; Lindberg et

al., 1987; Waller et al., 1983). Hence only (-)-gossypol exhibited both

efficacy and toxicity in vivo. However, no difference between the effect

of the two enantiomers has found in vitro (Yao et al., 1987). Recently,

resolution of the racemate into(+) and (-)-enantiomers have succeeded
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(a)

(b) (c)

Fig. l-l Tautomeric forms of gossypol: a, hydroxy

aldehyde; b, hemiacetal; c, ketonoid.
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by various groups (Si et al., 1983; Zheng et al.t 1985; Mattin et al,

1988). It provides a powerful tool for the study of the mechanism o

biological actions of the two enantiomers.

Three forms of gossypol: gossypol, gossypol acetic acid and gossypol formic

acid have been used in laboratory investigations and clinical trials

Their biological activities are very much the same. Due to its stability

gossypol acetic acid is usually used in place of gossypol in most studies.

Several methods have been reported for the determination of gossypol in a

variety of samples (Pons, 1 977). These include the use of

spectrophotometry (Crouch and Bryant, 1982; Admasu and Chandravanshi,

1984), NMR spectrometry (Walss et al., 1978), chemiluminescence

(Aver'yamov et al., 1978), gas-liquid chromatography (Raju and Cater,

1967), polarography (Wallace, 1 987), and thin layer or paper

chromatography (Markman and Rzhekhin, 1968).

There is evidence the gossypol chelates with several metal ions, (Abou-

Donia, 1976; Haas and Shirley, 1965). The most typical one is iron (III).

More recently gossypol was proposed to form chelate with Mn2+ to form a

2:1 complex which induced a functional Mn2+ deficiency in the testis

(White et al., 1 988). Mg-gossypol complex has been shown to

antispermatogenic in rats, with a relatively low toxicity compared with

gossypol (Shi et al., 1981).
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C. Species Dependence of Gossypol Antifertility Action

Different species were shown to have pronounced differences in their

sensitivity to gossypol antifertility action. Among the laboratory animals

tested, hamsters seemed to be the most sensitive, followed by rats,

monkeys and dogs in decreasing order, while rabbits and mice appeared to

be insensitive (Natl. Coors. Group Male Antifertil. Agents, 1987; Saksena

et al., 1981). In the same species, the onset of infertility and recovery

of fertility after the treatment ceased was dose-dependent. The effective

dose for hamsters was 5-10 mgkgday given for 6-12 weeks; recovery of

fertility occurred 4-14 weeks after withdrawal of the drug (Chang et al.,

1980; Hahn et al., 198J; Waller et al., 1981; Saksena and Salmonsen,

1982). The effective dose for rats was 10-30 mgkgday given for 3-10

weeks; recovery of fertility occurred 3-12 weeks after withdrawal of the

drug (Qian and Wang, 1984). Individual variation of gossypol sensitivity

was shown in rat under prolonged treatment (Zhou and Lei, 1981; Dai and

Pan, 1980). Long term treatment might cause complete atrophy of

seminiferous epithelium in some of the animals, and sterility is the likely

consequence. In dogs, gossypol could inhibit spermatogenesis only with a

high toxic dose (Sang et al., 1980).

Monkeys are moderately sensitive to gossypol antifertility action. In

rhesus monkeys, two out of three treated animals were demonstrated to

have completely inhibited spermatogenesis after 2 years of gossypol

treatment at dosage of 4 mgkgday (Sang et al., 1980). Male bonnet

monkey administered with gossypol acetic acid at dosage of 0.5 mgkgday

for 3 months showed markedly reduction in percentage of motile sperm and

sperm density per ejaculate (Kalla et al., 1985). These parameters
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returned to normal levels by 50 and 75 days after discontinuing the

treatment. In cymomolgus monkey, gossypol at dose of 10 mgkgday given

for 6 months only decrease the sperm count and motility in the ejaculate

(Shandilya et al., 1982).

In rabbits, gossypol at a dose of 10 mgkgday given for 14 weeks, the

sperm concentration and motility in the ejaculate were hardly affected

(Chang et al., 1980). When treatment was prolonged to 250 days in the

same dosage, severe toxicity resulting in eventual death were observed,

however the sperm data and fertility were still not significantly affected

(Saksena et al., 1981).

In mice, gossypol at a dose of 15-30 mgkgday did not significantly

affect the motility of epididymal and vasal spermatozoa (Shi and Zhang,

1980). Even with toxic doses, the same result was obtained (Hahn et al.,

1981).

D. Clinical Trials of Gossypol as a Male Antifertility Agent

The initial clinical trials of gossypol as a male antifertility agent were

carried out in China in 1972 (Qian et al., 1972). It was found that

gossypol given orally at a dose of 60-70 mgday for 35-42 days caused a

gradual increase in the percentage of nonmotile spermatozoa in the

ejaculate, followed by oligospermia, necrospermia and azoospermia in all 25

volunteers. Sperm motility decreased markedly as early as the second

week of administration. Only mild degree of side effects were observed.

Recovery of fertility occurred around three months after withdrawal of

gossypol treatment.
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Following this pilot clinical trial, 14 provincial and municipal districts in

various parts of China joined in a concerted effort to evaluate the.

contraception effectiveness and the significance of the side effects of

gossypol. Until 1980, the total number of volunteers had amounted to

8806 (Liu et al., 1981). The major findings of the first study were

confirmed in these expanded trials and optimal or routine loading and

maintenance dosed were determined to be 20 mgday for 60-70 days and

40-50 mgweek respectively. With this dosage level, antifertility efficacy

was 99.07%. Changes in sperm count and motility were similar to those in

men taking 60-70 mgday, but longer period of treatment was needed to

show evidence of necrospermia and azoospermia. However, these

pioneering clinical studies also brought into question the issues of

reversibility and safety of the treatment. After cessation of gossypol

treatment, approximate 10% of the volunteers remained azoospermia six

months to 4.5 years post-regimen. The recovery rate of these subjects

was related to duration of the drug administration, so it was advised not

to administer the drug over 2 years if the volunteers do not wish

infertility (Liu et al., 1981). An important and serious side effect,

hypokalemic paralysis, was found in 66 cases (0.75%) in these trials.

Hypokalemic paralysis was always preceded by a prodromal stage

characterized by muscular weakness andor severe fatigue and use of

potassium salt at this stage could prevent paralysis (Qian et al., 1977).

In order to assess the effect of gossypol on a population different from

the Chinese, small scale clinical trials were performed to Brazilian and

Austrian volunteers (Coutinho and Melo, 1988; Frick and Danner, 1985).

Both studies confirms that gossypol inhibits spermatogenesis in men at a

dose level which in short-term treatment (up to 12 months) appears to be
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free of side effects. In Austrian studies, fertility of five subjects treated

for 3 months with an oral dosage of 20 mg gossypol daily were found to

be fully reversible, however 3 out 12 Brazilian volunteers were still

azoospermic after two years of discontinuation of treatment (loading

period: 20 mg per day; maintenance period: 60 mg weekly).

With the aim of documenting the clinical status of men recovering from

gossypol treatment, variables in 46 men who had stopped taking gossypol

in the two centers in China were investigated for their predictive

association with the degree and time of recovery of spermatogenesis (Meng

et al., 1988). Thirty-nine (87%) subjects were azoospermic at cessation of

gossypol treatment. Twenty-eight (61%) recovered to a defined threshold

spermatogenic function (sperm concentration 20 x 106ml), with median

recovery time 1.1 years. However, 18 men (39%) had not recovered after

a median follow-up of 1.9 years and, of these, 10 (22%) remained

azoospermic. The failure of recovery was strongly associated with longer

treatment, greater total dose of gossypol, smaller testicular volume,

elevated FSH concentrations, and to a lesser extent, with greater body

weight.

In order to identify the smallest effective gossypol dose for male fertility

control, men were administered with gossypol, 10 mgday, orally for 3

months. The forward sperm motility and sperm density was marked

decreased, however no undue side effects were observed (Frick et al.,

1988).
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E. Site of Gossypol Antifertility Action

There are distinct differences at the reported sperm defects from different

laboratories. It was suggested that gossypol-induced infertility might be

a consequence of an array of factors (Shi et al., 1987). Thus, gossypol

might also have multiple site of action. Both testis and epididymis have

been suggested to be the primary site of gossypol action (Dai and Dony,

1978; Wong et al., 1983; Hadley and Burgos, 1982).

In rat, most pronounced effect of gossypol is produced at about 5 weeks

after administration of gossypol, 24 mgKg. This result led to a

suggestion that pachytene spermatocytes in the stage VII seminiferous

tubules and the 18-19 stage spermatids are the most sensitive cell types.

Pathological changes, such as pyknosis, nuclear vacuolation, karyorrhexis,

and cytolysis were observed in some of the spermatocytes and spermatids

in the middle and late stages. At the ultrastructural level,

pathognomonic defect in the mitochondrial sheath of stage 18 and 19

spermatids in the stage VII seminiferous tubule were observed (Hoffer,

1982; 1983). Though defects were noted and number of germ cells

were decreased, no significant deviation in the relative number of germ

cells was noted between control and rats made infertile with 10 to 20

mgKgday of gossypol.

In defects of spermatozoa, disorganization of the mitochondrial sheath and

the discontinuity of the cell membrane in the midpiece of spermatozoa was

observed in rats treated with gossypol at a dose of 20-40 mgkgday

for 9.5-35 weeks. Over 50% of spermatozoa from the animals showed a

disorganization of the motor apparatus. Some of the mitochondria

appeared empty and sperm often lacked large segments of the midpiece
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(Nadakavukaren, 1985). Prolonged treatment of rat with low dose of

gossypol (7.5 mgKgday for over one year) caused infertility with.

epididymal spermatozoa showing separation of head and tail. However no

gross degenerative changes in the testis could be observed (Zhou, 1980).

In similar study, Oko and Hrudka found a consistent specific lesion in the

spermatozoal tail segmental aplasia of the mitochondrial sheath in both

testicular and epididymal sperm (Oko and Hrudka, 1982). It was also

found that the deficiencies in the midpiece predispose the dislocation of

axial fibers in epididymal spermatozoa (Oko and Hrudka, 1984a; 1984b).

The lesions in the epididymal spermatozoa also included decapitation,

bulging, dislocation and fraging of axial fibers, and bending or breaking of

the tail. Gossypol was also shown to impair the migration of the

cytoplasmic droplets to the distal end of the midpiece, led to existence of

cytoplasmic droplets in sperm of the cauda epididymis from gossypol

treated rats and guinea pig (Bozek et al., 1981; Shi and Friend, 1985).

Based on research in the rat, it was suggested that gossypol have direct

effect on epididymal spermatozoa, however it is superimposed on the

action exerted earlier on the testis (Burrini, et al., 1986). Gossypol was

believed to exert a primary effect on the S-S bond formation in the sperm

structures during epididymal maturation.

F. Toxicology

There are large variations in the response of different species to acute

and chronic exposure to gossypol. The single-dose oral LD50 of gossypol

suspensed in water is listed for some species in Table 1-4.
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Table 1-4 Single-dose oral LD-Q of gossypol (mgKg)
in water for several species

Species LD 50

Rat

Mouse

Rabbit

Guinea pig

Pig

2400- 3340

500- 950

350- 600

200- 300

550

adopted from Qian and Wang, 1984
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In repeated-dose, among mice, rabbits, rats, guinea pigs, dogs, pigs and

monkeys; rats and hamsters seem to be the most tolerant type, while dogs

and rabbits are the least. Daily oral doses as low as 1.5 mgKg for 28

days can cause death in swine (Toilet, et al., 1957). Exposure of dogs to

1.0-3.0 mgKg daily dose of gossypol can lead to severe toxicity and

death (Eagle, 1950).

Exposure of rabbits to 16 mgKg daily dose for period of 14 to 140 days

lead to bradycardia and ECG changes in part of animals. 6 out of 10

animals died during this period (Shandong Coord. Group male Antifertil.

Plants, 1973). The monitoring of liver enzymes and other blood

components in animals administered with gossypol, including rats, rabbits,

dogs and monkeys, demonstrated inconsistent and nonconclusive data (Qian

and Wang, 1984). It seems that different species will have different

mechanism of gossypol toxicity (Waller et al., 1986). Currently no animal

has developed hypokalemia following gossypol administration, thus it is

impossible to use animal models to study the toxic response observed in

human.

G. The Genetic Effect of Gossypol

In studies of the lethal mutagenic effects of gossypol, male rats treated

with 20 mgKg daily dose of gossypol for 4 weeks were allowed to mate

with untreated females for three rounds on days 37-40, 47-50, and 57-60

post-regimen. Examination of the fetuses and implantation sites

thirteenth day of pregnancy showed ratio of the dead fetuses to the

number of implantation sites significantly higher in the treated animals.

However the ratio dropped to normal as time process. Hence gossypol may
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damage the genetic material but the effect is transient and may decrease

with time (Zhang et al., 1979). In a similar experiment, in utero

development was analyzed in pregnancies that resulted from mating

between gossypol treated male rats and untreated female rats. Gossypol

treatment of males was shown to have no effect on the outcome of

pregnancy. There was no significant effect on resorption, fetal growth, or

malforjmation rate (Beaudoin, 1988). In Wistar rats and long hair rabbits,

gossypol in dose of 5-30 fold the clinical dose did not shown significant

embryotoxicity and teratogenicity (Tan et al., 1982).

Gossypol was shown not to be mutagenic by different investigators with

the Ames test (de-Peyster and Wang, 1979; Colman et al., 1979; Wuhan

Med. College, 1980; Li et al., 1981; Zhang et al., 1982; Majumdar et al.,

1982). However gossypol was reported to promote and induce tumor

activity in mice skin-painting tests (Haroz and Thomasson, 1980). Studies

of gossypol effect on the frequency of occurrence of SCE, micronuclei, and

chromosomal aberrations revealed a trend that low (5-fold clinical dose)

or medium (around 10-fold clinical dose) dose levels did not appear to

damage the genetic material in vivo, while high dose (more than 30-fold

clinical dose) did (Qian and Wang, 1984).

H. Gossypol Effect on Endocrine System

Though the size, the volume of cytoplasm, and the smooth endoplasmic

reticulum of rat Leydig cells were reduced, with increased number of

lysosomes and occasional vacuolization after gossypol treatment (Wang et

al, 1982), large amount of investigation still showed that gossypol does

not affect the morphology of Leydig cells (Wang et al., 1972; Sang et al.,
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1980; Xue et al., 1973; Xe et al., 1982; Luo et al., 1980; Hoffer, 1982).

In the in vitro experiment using Leydig cell culture, gossypol was

demonstrated to reduce the LH-stimulated production of testosterone (Lin

et al., 1980). However, hcG-induced testosterone production was shown to

be unaffected under the same gossypol doses, and the decrease in

testosterone concentration in the Leydig cell culture was a consequence of

the decreased number of Leydig cells (Zhuang, 1981). The (125I) hCG

binding in testis homogenate was demonstrated to be unaffected by

gossypol, suggesting noninterference of gossypol in hormone action at the

target level (Kalla et al., 1982). In various experiments, FSH and LH

level in blood was shown to be unaffected by gossypol, however, no»»

consistent results can be obtained in testosterone level. Though

testosterone level does reduced in some cases, judging from the fact that

substantial reduction in sperm population occurred before the suppression

of serum testosterone level, and rabbit serum testosterone level was also

lowered by gossypol, antifertility effect of gossypol does not seem to be

mediated through its suppression effect on testicular steroidogenesis

(Saksena and Salmonsen, 1982; Sakaena et al., 1981).

I. Gossypol Effect on Enzymes

Gossypol is highly reactive with proteins (Lyman et al., 1959). The

carbonyl group of gossypol readily react with the free E-amino groups of

lysine residues to form schiff's base (Tanksley et al., 1970). Due to its

high reactivity, gossypol was shown to inhibit large number of enzyme

activities in vitro.
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1. Effect on Enzymes in Gapacitation

Sperm capacitation in the guinea pig has reported to be inhibited by

gossypol (Shi and Friend, 1983a; 1983b). And the inhibition was found to

be reversible.

The gossypol effect on sperm capacitation of human spermatozoa were

investigated in vitro by testing the penetration ability of the gossypol

treated sperm to zona-free hamster egg. It was found that gossypol

treatment caused a dose dependent decrease in the ability of- sperm to

become capacitation and penetrate the hamster oocytes (Kennedy et al.,

1983; Aitkin et al., 1983). Kennedy et al. also found that the total

amount of acrosin activity, a proteinase required during fertilization, was

significantly diminished in the gossypol treated spermatozoa in a dose-

dependent, linear manner which closely parallel the decrease in oocyte

penetration. Further investigation with boar showed gossypol also

prevented the conversion of proacrosin, the zymogen form of acrosin which

predominates in freshly ejaculate spermatozoa, into active acrosin.

Gossypol was also suggested to block spermatozoal penetration of egg in

vivo by inhibiting hyaluronidase as well as proteolytic enzymes (Shi,

1986).

2. Effect on Metabolic Enzymes

Gossypol was shown to exhibit an inhibitory effect on sperm fructolysis

and glycolysis and cause a depletion of cellular ATP concentration (Poso

et al., 1980; Ke and Tso, 1982; Stepheus and Citchlow, 1982; Wichmann,

1983).
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Because its key role in glycolysis, hexokinase has studied in vitro to find

how sensitive it is to gossypol action. It is found that hexokinase was

rather insensitive to gossypol up to 5-6xlO_5M gossypol. Steep inhibitory

effect was observed only at gossypol concentration at or above 10~4M.

In anaerobic glycolysis, pyruvate is reduced to lactate in order to

regenerate of NAD in the final step. This process is catalysed by LDH.

LDH can also catalyse the oxidation of lactate to pyruvate which is then

channeled to the TCA cycle. In testis and spermatozoa a special LDH

isoenzyme, LDH-X, was found (Blancoj and Zinkharn, 1963). Studies with

mice and human, gossypol was shown to selective inhibit the LDH-X

activity (Lee and Mailing, 1981). However, LDH total activity was found»

to be relatively insensitive to gossypol. subsequent studies with boar,

monkey and rat spermatozoa indicated that LDH-X may be a major target

enzymes in gossypol inhibition of sperm motility and so does the decrease

in LDH-X activity after prolonged treatment (Tso and Lee, 1982a;

Stephens et al., 1983; Oligiati et al., 1984). However with the challenges

that LDH-X is equally susceptible to both(+)- and(-)- gossypol, and

rabbit sperm LDH-X was also inhibited by gossypol, many investigators

suggested that effect of gossypol on sperm LDH-X activity is not a major

mode of action for its antifertility action (Eliasson and Virji, 1983; Shi et

al., 1987). Recently, it was confirmed that LDH-X inhibition in vivo is

not a primary contribution to the antifertility effect produced by gossypol

(Morris et al., 1986; Hoffer, 1985; Liu et al., 1988).

Several metabolic enzymes participating in the TCA cycle in sperms are

inhibited by gossypol (Tso and Lee, 1982b). The effect of gossypol on

TCA cycle enzyme activities was shown in table 1-6. Among the TCA

cycle enzymes, aconitase and fumarase was shown to be most sensitive to
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Table 1-6 Effect of gossypol on TCA cycle enzyme activities

Enzyme

cz c nn 1 of f opfi t cz pnnponf rafihn f M

C
Mpyi mnm qf l mill afi on

rT.:::: 1

IC9fl ICKn

Citrate synthase

Aconitase

NAD-isocitrate

dehydrogenase

-Ketoglutarate

dehydrogenase

Succinyl-CoA synthetase

Succinate dehydrogenase

Fumarase

NAD-malate dehydrogenase

10-5 (110%)

10 5 (127%)

10 5 (123%)

-4
4 v 1n

9 n y 1 n

2.4 x 10 5

1.8 x 10 4

1.8 x 10 5

-4
9.4 x 1n

3.7 x 10 5

7.5 x 10~5

9 9 v 1 n L-

3.7 x 10 5

-41 v 1 n

-5r£ 1 n

-5i Q v 1 n

1 r v i n 4

a. adopted from hi et al, 1987. b. Various% inhibition concentrations are given,

ICn cro means 20%, 50% activities have been inhibited. c. Numerical values in
bracfcers represent the% activity if the control.
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gossypol action, but not a single enzyme with exceptional susceptibility to

gossypol has yet been identified (Shi et al., 1987).

Adenyl cyclase, a key regulatory enzyme in spermatogenesis which

involves in production of cyclic AMP and is required for the maturation of

germ cells in testis and epididymis, was demonstrated to be inhibited by

gossypol in a concentration-dependent manner (Olgiati et al., 1984;

Vishwanath and White, 1986). The inhibition was shown to be mediated

through gossypol ability to chelate Mn2+, since sperm adenyl cyclase

required Mn2+ for activity (White et al., 1988). Inhibition of adenyl

cyclase will decrease the intracellular cyclic AMP levels, leading to lower

protein kinase activity and sperm dysfunction. Synthesis of LDH-5 was

also shown to be affected by gossypol (Derda et al., 1980).

Renal Na-K-ATPase activity in guinea pigs fed a relatively low potassium

diet was demonstrated to be inhibited by gossypol (Bi et al., 1980). In

ordinary antifertility doses, renal Na-K-ATPase activity was found to be

unaffected in rats, guinea pigs, rabbits, and monkeys fed regular diets

(Qian Wang, 1984), however when large doses were given to guinea pigs,

both renal and skeletal muscle Na-K-ATPase activity was inhibited (Su et

al., 1982). Na-K-ATPase activity in rat brain synapses, in guinea pig

renal cortex and in sea urchin spermatozoa was shown to be inhibited by

gossypol in a dose-dependent manner (Feng and Xu, 1982; Ye et al., 1983;

Adeyemo et al., 1982). Inhibition of Na-K-ATPase has been suggested as

the molecular site of gossypol effect causing hypokalemia (Qian, 1981;

Qian et al., 1975; Bi et al., 1980).
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IV. Purpose of Study

Gossypol antifertility effect with high efficiency has been proven by large

clinical trails in China and small clinical trials in Austria and Brazil,

however, the problems of hypokalemia paralysis and irreversibility of the

drug action in some cases prevent its application in the public. In order

to remedy these side effects by synthesis of new gossypol derivatives or

supplementation with other substance to balance its side effects during

gossypol treatment, one must first unravel the antifertility mechanism

effect of gossypol. Though gossypol has been extensively and intensively

studied for over ten years, it's antifertility mechanism remains unknown.

It was proposed that gossypol-induced infertility might be a consequence

of an array of factors, but the primary target should not be associated

with hormonal imbalance. In the past, large effort have been put into

study gossypol action on the gonad specific enzyme, LDH-X. However

recent findings suggested that LDH-X inhibition in vivo is not a primary

contribution to the antifertility effect produced by gossypol.

In order to investigate gossypol antifertility mechanism, it is attempted to

look into this aspect from a new approach. When we look into the

symptoms that causes by gossypol treatment and that by a selenium

deficiency, we find that there are great similarity between them. Though

spermatogenesis is still active, both cause a reduction of epididymal

spermatozoal motility and a gradual suppression of spermatogenesis.

Under electron microscope, the mitochondria of spermatozoa appear to be

swollen and transparent, resulting in a loss of the uniform size and

regular arrangement of the spiral sheath. Even some cases, there

are complete separation of the heads from tails. Though the

mitochondria are seriously damaged in some late spermatids, the other
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structures of the spermatids remained basically normal.

For these reasons, the present study focuses on the action of gossypol on

selenium metabolism and also the metabolism to some extent of the

selenoproteins.

The selenium specific enzyme glutathione peroxidase is first investigated,

then followed by the study of gossypol effect on the selenium metabolism,

as a whole, at several levels. Since there is a specific requirement of

selenium in the male gonads, the gossypol effect on the fate of different

selenoproteins will be studied in-depth.
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CHAPTER 2 EFFECT OF GOSSYPOL OH SELENIUM DEPENDENT

GLUTATHIONE PEROXIDASE ACTIVITY

I. Introduction

In the exploration of the antifertility mechanism of gossypol, a potential

male contraceptive, different biochemical changes in the male reproductive

system 'have been investigated. Among them, the inhibitory effect of

gossypol on various enzyme activity are the most frequently studied ones.

However, these studies are confined to either enzymes that have

something to do with the spermatozoal energy metabolism or the

spermatozoal capacitation, other enzymes are seldom tested. (Kalla and

Wei, 1981; Lee and Mailing, 1981; Tso and Lee, 1982a; Tso and Lee, 1982b;

Olgiati et al.t 1984; Kennedy et al.t 1983; Shi and Friend, 1986).

Glutathione-S-transferase, an enzyme that functions in detoxication was

reported to be inhibited by gossypol, but further study has been

abandoned for unknown reasons. Since gossypol effect leads to exfoliation

in spermatozoa midpiece, similar to the defect in selenium eficiency, and

selenium was shown to. be an essential component of an enzyme that is

responsible for preventing peroxide damage to spermatogenic cells during

spermatogenesis, an exhaustive study of gossypol effect on the selenium

specific enzyme was introduced in this chapter.

A. Oxygen Damage of Spermatozoa

Spermatozoa has limited life span under aerobic conditions. It is not

seminal plasma or extraneous metabolizable substrates that responsible for

this event, since mammalian spermatozoa are capable of retaining their

motility by endogenous respiration even in absence of these two
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substances. Instead, it has long been considered as being the result of a

toxic effect of oxygen. Oxygen represented a potential hazard to sperm

structure of function (Mann and Lutwak-Mann, 1975).

Oxygen damage of spermatozoa were believed as coming from the toxicity

of hydrogen peroxide. Mammalian semen does not contain catalase (Mann,

1964), ahd spermatozoa are susceptible to H202 toxicity. The oxygen free

radicals can induced lipids peroxidation and cause damage to cellular

membranes (Fridovich, 1974; Fridovich, 1978). It also reported that

mammalian spermatozoa are sensitive to lipid peroxidation, and the

peroxides produced from the unsaturated fatty acids of the sperm

phospholipids are strongly spermicidal (Jones and Mann, 1973; Jones and

Mann, 1976; Jones et al., 1978; Jones et al., 1979).

As catalase is absence, the critical role in reducing H202 to H20 was

played by another enzyme called glutathione peroxidase, Se-GSH-Px. Se-

GSH-Px is an selenium dependent enzyme and its activity has been found

in the semen of several species including ram, dog, human, goat and bull

(Li, 1975; Brown et al., 1977). In bull the Se-GSH-PX activity is

associated with the seminal plasma and not spermatozoa (Brown et al.,

1977; Brown and Senger, 1977). The accessory organs were also found to

have Se-GSH-PX activity.
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B. Selenium Dependent Glutatoine Peroxidase

1. History of Discovery

Selenium dependent glutathione peroxidase (Se-GSH-PX, EC 1.11.1.9) was

first discovered by Mills in 1957. It was found in the erythrocyte for

protecting the hemoglobin from oxidative breakdown by catalyzing the

following reaction.

This finding explain why glutathione in reduced from, GSH, can exhibit a

highly efficient antioxidative function in vivo, while it can catalyze the

oxidation process by free radical mechanism in vitro (Flohe and

Zimmermann, 1974; Hunter et al., 1964).

In 1962, Se-GSH-Px was shown to be one of the mitochondrial protein

that prevent the GSH-induced high amplitude swelling of the liver

mitochojidria (Neubert et al., 1962). Due to its action on contractibility

of liver mitochondria, it was called contraction factor II at that time.

GSH induced irreversible high amplitude swelling of mitochondria because

GSH promoted the peroxidation of the unsaturated membrane lipids (Hunter

et al., 1964).

However the correlation between Se-GSH-Px activity and its action on

contractibility was not cleared until the late 1960's (Flohe and

Zimmermann, 1970), when the enzyme was also found to catalyze the

reduction of organic hydroperoxides formed from unsaturated fatty acids

(Little and O'Brien, 1968, Christopherson, 1968). And the enzyme present

in rat liver was shown to be the same as that in erythrocytes (Flohe et

al., 1970). It is then recognized that the enzyme has played a broader
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role in the protection of cell membranes by detoxicating the oxygen

species. The group of reactions can hence be generalized to pathways as

shown in fig. 2-1. Where R may be an aliphatic or aromatic groups or

simply hydrogen.

Further investigation on this enzyme opens up a new page in trace

element study. Even though the fact that selenium is an essential trace

elements in mammals was discovered in the same years as Se-GSH-Px was

discovered (Schwarz and Foltz, 1957), the identification of glutathione

peroxidase as a selenium dependent enzyme was made known only sixteen

years later (Rotruck et al., 1973; Flohe et aL, 1973). The dramatic

protective effect of dietary selenium against oxidative damage to the cell

membranes and other cell components was demonstrated to be glucose

dependent and it is known that GSH is generated from glucose metabolism

through the action of glutathione reductase (fig. 2-1), these led Rotruck

et al. to propose that GSH might involved in the selenium process

(Rotruck et al., 1971). Along with the evidence that all genetic

deficiencies in which the formation or utilization of GSH is impaired will

cause peroxide induced hemolysis, Rotruck et al. identified that

glutathione peroxidase is the selenium dependent enzyme that is

responsible for the protective effect of dietary selenium on oxidative cell

damage (Rotruck et al., 1972; Rotruck et al., 1973; Flohe et al., 1973).

Quite unexpectedly, another nonselenium dependent glutathione peroxidase

activity was identified in 1976 (Lawrence and Burk, 1976). This class of

protein is constituted by glutathione transferases (Prohaska and Ganther,

1977). Different from the Se-GSH-Px, glutathione transferase have no

activity with H202.
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Fig. 2-1 Diagram to show Se-GSH-Px function in relation to the formation and

utilization of GSH. Abbreviations: GSH, glutathione reduced form; GSSG, glutathione

oxidized form; GSSG-Reductase, glutathione reductase; Se-GSH-Px, selenium dependent

glutathione peroxidase; ROOH, hydroperoxide where R may be an aliphatic or aromatic

groups or simply hydrogen; ROH, the corresponding alcohol or water.
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2. Physiological Role of Se-GSH-Px in Detoxication

a. Oxygen Radicals in Living Cells

Cells living under aerobic condition gain their bioenergy from the

reduction of molecular oxygen to water and are inevitably prone to oxygen

toxicity, as highly reactive intermediates, such as superoxide anion

radicaW02—•). hydrogen peroxide (H202), singlet oxygen (02), or

hydroxyl radical (OH.), will be formed during the reduction of oxygen

(Boveris et al., 1972; Boveris and Chance, 1973; Loschen et al., 1974).

Though most of the oxygen consumed by respiring cells is used by the

cytochrome oxidase system which accomplishes the tetravalent reduction of

oxygen to water, without• the release of any free reactive intermediates,

both 02—. and H202 still produced as normal minor metabolites within the

cells by variety of enzymes. In rat liver up to 5% of the oxygen is

consumed for the production of H202 (Boveris et al., 1972; Boveris and

Chance, 1973). A remarkable multiplicity of cellular sources of these

intermediates is found. For example, H202 is produced within the

peroxisomal, microsomal, mitochondrial, and soluble fractions of the cells,

superoxide anion is generated by flavin enzymes and iron-sulfur protein

in the cytosol and by the autooxidation of reduced ubiquinone in the

mitochondria (Loschen, 1975; Fridovich, 1974; Misra and Fridovich, 1972;

Massey, 1969; Cadenas et al., 1977). The pronounced reactivity of H202,

and 02— provides the basis of many important biochemical reaction

(Klebanoff, 1974; Oshino et al., 1973; Hasting, 1966; Mead and Lewis,

1963; Serif and Kikwood, 1958).

Though presence essentially in low concentration, these highly reactive

intermediates of oxygen reduction if not maintained with a steady level



GossypolSe-GSH-Px

can directly or indirectly cause substantial damage to living cells

(Halliwell, 1974; Cohen and Heikkila, 1974). The simultaneous existence

of superoxide anion and hydrogen peroxide favours the formation of the

additional oxygen species, hydroxyl radicals and singlet oxygen, which in

turn may attack variety of organic compounds and lead to organic and

lipid peroxide formation (Cohen and Heikkila, 1974; Arneson, 1970; Haber

and Weiss, 1934; Chance et al., 1978; Tappel, 1978).

It is glutathione peroxidase, in conjunction with superoxide dismutase and

catalase that set up the defense mechanism against the oxidative stress

(Halliwell, 1974). Superoxide dismutase eliminate the superoxide radical

in the first line of defense. The hydrogen peroxide is removed by

catalase andor glutathione peroxidase in the second. If the reactive

intermediates escape both defense and cause peroxidation of unsaturated

membrane fatty acid, glutathione peroxidase can act as the last line of

defense to prevent further propagation of a radical chain reaction that

lead to lipid peroxidation, deterioration of membrane lipids and severe

impairment of energy related membrane functions (Wendel, 1980).

Besides the protective function, Se-GSH-Px was also shown to involved in

prostaglandin biosynthesis (Nugteren and Harelhof, 1973).

b. Occurrence and Subcellular Localization of Se-GSH-Px

Se-GSH-Px activity has been found in many species including human, rat,

sheep, guinea pig, hamster mouse, cow, rabbit, carp (Burk and Lawrence,

1988; Marcel et al., 1977; Mazeaud et al., 1979). Its activity has been

demonstrated in all mammalian tissues examined (Flohe et al., 1979).

Moreover, guinea pig liver does not contain measurable amount of Se-GSH-
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Px, whereas mouse liver show very high activities (Lawrence and Burk,

1978). Studies on the organ distribution of the enzyme in rat found that

liver contain the highest activity, moderately high values were shown in

red cells, heart, lung and kidneys, only very low enzyme concentration

were found in the intestinal tract and skeletal muscle (Mills, 1957).

Studies' of the subcellular distribution of Se-GSH-Px revealed an important

implication to its function. In rat hepatocytes, Se-GSH-Px is localized

primarily in the cytosol( 70%) and in the matrix of mitochondria( 30%),

however essentially none of the enzyme activity is found in the

peroxisomes, where catalase remove the high content of H202 produced

(Plohe and Schlegal, 1971'; Sies, 1974). Hence, catalase and Se-GSH-Px

appear to have complementary intracellular localization as well as

complementary catalytic activities (Wendel, 1980). In erythrocytes both

enzymes can substitute for each other in removal of H202 to a substantial

degree (Ganther et al., 1976; Flohe, 1970). However the function of Se-

GSH-Px in maintaining cell integrity seems to be more important compared

with that of catalase (Albi et al., 1964).

Glutathione transferase, responsible to the non-selenium dependent

glutathione peroxidase activity, are present in the same compartments of

that of Se-GSH-Px, but also in membrane containing subcellular fractions

(Wahllander et al., 1979; Friedderg et al., 1979). It appears that the

glutathione peroxidase activity of both type of enzyme is important in

cellular defense against a wide variety of hydroperoxides, though

glutathione transferase have negligible activity with H202.
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3. Physical and Chemical Properties of Se-GSH-Px

Se-GSH-Px had been isolated and purified from different sources. All

contain selenium in the form of covalently bound selenocysteine. The

native enzymes were estimated to have molecular weights ranging from

75,000 to 85,000, depending on the source and method of determination.

The physical properties of the enzymes from various sources are

summarized in table 2-1.

Se-GSH-Px seems to be unstable at pH values approaching the isoelectric

point. Moreover, the enzyme from bovine erythrocyte is fairly stable at

pH up to 9.5. Both GSH and ethanol can stabilize the enzyme solution at

pH 7 (Sunde et al., 1979; Ganther et al., 1978; Nakamura et al., 1974;

Holmberg, 1968). Under GSH deficiency condition, the enzyme will loss its

activity quickly and tends to irreversibly precipitate if peroxide exist.

Contrast to the broad activity towards various hydroperoxides, Se-GSH-Px

show high specificity for GSH (Flohe and Gunzler, 1974, Flohe et al.,

1971b). Cyanide can inhibit the enzyme activity competitively with

respect to GSH (Ki= 1 mM) (Pierce and Tappel, 1978). Prolonged exposure

to high concentration of KCN, the oxidized enzyme will be inactivated and

depleted of its selenium (Prohaska et al., 1977). Iodoacetate or

chloroacetate also inhibit Se-GSH-Px activity if it is reduced by GSH or

KBH. Recently, both penicillamine and aurothioglucose were found to show

inhibitory effect on enzymes from chick both in vitro and in vivo

(Chaudiere et al., 1984, Chaudiere and Tappel, 1984, Mercurio and Combs,

1986).



Table 2-1 Physical properties of Se-GSH-Px

Source
Molecular weight

native enzyme subunits
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Erythrocyte
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4. Se-GSH-Px Enzyme Protein

Se-GSH-Px from bovine erythrocyte is a tetrameric protein of MW 80,000

(Flohe et al., 1971a). It was crystallized in the presence of 1.25 M

phosphate at pH 7 (Gunzler, 1974) and the 3D structure has been

determined by X-ray diffraction analysis (Epp et al., 1983; Landenstein et

al., 1979). Four nearly spherical subunits with a radius of approximately

19 A combined to from the native enzyme. Each subunit consists of 4

pleated sheets and 4 alpha-helices which were made up from 180 amino

acids. Selenium in form of selenocysteine was identified at the surface of

the subunit to be acting as essential component of the active site.

II. Materials and Methods

Male Chinese Golden hamsters ranged in weight from 175-200g were used

in this studies. Gossypol effect on spermatogenic cells selenium

dependent glutathione peroxidase activity were studied in vitro and in

vivo in two separate experiments.

A. Reagents

All chemical reagents used in the experiments were of analytical grade.

The following reagents were purchased from Sigma Chemical Co. (U.S.A.),

glutathione reduced from; beta-NADPH (tetrasodium salt); beta-NADH;

alpha-Ketovaleric acid; EDTA (tetrasodium salt); sodium azide; glutathione

reductase from Bakers yeast; hydrogen peroxide; rotenone; triethanolamine;

L-carnitine; 5,5'-dithiobis-(2-nitrobenzoic acid), DTNB; acetyl-CoA;

oxaloacetate; potassium cyanide; human hemoglobin; Trizma base; Drabkin's
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reagent; Coomassie Brilliant Blue G. Sodium hydroxide; dipotassium

hydrogen phosphate were purchased from Merck Chemical Co. (West

Germany). Potassium dihydrogen orthophosphate were purchased from BDH

Chemical Ltd. (U.K.). Sodium chloride; potassium hydroxide; disodium

hydrogen phosphate-12-hydrate; sodium dihydrogen phosphate-2-hydrate

were purchased from Riedel-de Haen Chemical Co. (West Germany).

B. In Vitro Experiment

1. Preparation of Samples

Gossypol effect on Se-GSH-Px from 3 different source were determined in

vitro. Spermatogenic cells, erythrocytes and hepatocytes were isolated

from a male Chinese Golden hamster. Samples from erythrocytes were

prepared by procedure adopted from Paglia and Valantine (Paglia and

Valantine, 1967). Blood had been taken by cardiopuncture under

anesthesia. The blood was haprinized and washed 3 times with cold

isotonic saline. The final saline suspension were diluted to approximate

lxl 07 erythrocyte per ml. The erythrocytes were hemolysed by adding 2

volume of distilled water followed in 10 minutes freezing and thrawing

three times in liquid nitrogen. Hemoglobin in the lysate was transformed

into stable cyanmethanoglobin by adding equal volume of Drakin's reagent.

The final suspension were centrifuged at 10,000g, 4°C for 30 minutes.

The supernatant were used for enzyme assay.

The liver was perfused with Kreb's Ringer bicarbonate buffer, pH 7, and

homogenized in phosphate buffer saline (PBS), pH 7, in a cooled potter-

Elvehjem homogenizer at full speed. The cell fragments were removed by

centrifugation at 10,000g, 4°C for 30 mins., and the supernatant was used
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for the enzyme measurement.

Samples from spermatogenic cells were prepared as follows. After the

hamsters were sacrificed, the testis were removed and decapsulated.

Blood capillaries were carefully removed. The seminiferious tubules were

washed twice with small quantity of phosphate buffer saline (PBS) and

were chopped into short segments by a razor blade. 5 ml PBS were added

and the suspension was transferred to a centrifuge tube where it was

pipetted up and down a Pasteur pipette for 20 times. After 5 mins. the

tubules that sedimented to the bottom were discarded. The upper cell

suspension that free of tubules were centrifuged at 500g at 4°C for 15

mins. The cell pellet resulted was resuspensed on 5 ml PBS. This cell

suspension resulted was then sonicated with the ultrasonic cell disrupter

that operated at 50% duty cycle for two mins. The homogenate was

centrifuged at 10,000g for 30 min. at 4°C. Supernatant was used for

enzyme assay. Se-GSH-Px assay method was outlined in table 2-2.

2. Preparation of Gossypol Solution

Gossypol was dissolved in NaOH solution first and then neutralized with

0.1 N HC1 to pH 7. During the enzyme assay, gossypol were added to the

reaction mixture to give final concentration ranged from 10-100 uM

immediately before OD measurement. The inhibitory effect of gossypol was

determined by comparing the rate of OD changes with that of the control,

in which gossypol concentration was equal to zero.

Also the in vitro inhibitory effect of gossypol on Se-GSH-Px

activity were compared with that of LDH-X activity using the

spermatogenic cells as the model.
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C. In Vivo Experiment

1. Drug Treatment

Twenty five Chinese Golden Hamster (170-200g) were assigned randomly to

2 groups. The experimental group consisted of 15 animals which were

force fed with 10 mgkgday (6 days per week) gossypol in corn oil.

Fresh gossypol was prepared daily. The control group consisted of 10

animals which were force fed with corn oil alone. 3 experimental and 2

control animals were sacrificed at 3, 25, 42, 60, 90 days after the

treatment started.

2. Preparation of samples

After the hamsters were sacrificed, the testis were removed and treated

same as in vitro experiment. However, cell suspension after sonication

were centrifuged at different speed and time at 4°C for corresponding

enzyme assay that followed (Table 2-2).

3. Enzyme Assay

Besides Se-GSH-Px assay, 3 additional enzyme assays were performed.

They included LDH-X, carnitine acetyltransferase and NAD-malate

dehydrogenase. The enzymes activities at different time intervals were

compared. Different enzyme assay methods were summarized in table 2-2.

Protein concentration was estimated by using Coomassie Brillant Blue G250

dye-binding method described by Bradford (Bradford, 1976) using human

hemoglobin as protein standard.



Table 2-2 Experimental conditions for various enzymes

Enzyme
Centrifugation

condition
Assay medium Procedure Wavelength

tollnwpd
Ref,

Se-GSH-Px 10,000 g
30 min.

4 C

2.0 mM GSH

0.1 mM NADPH

100 mM K-phosphate buffer

pH 7.0
3.0 mM EDTA

1.0 mM sodium azide

Assay medium

1 U Glutathione

reductase

sample

Incubated at 30 °C
fnr 9 min

0.12 mM HO

OD measurement

340 Paglia and

Valentine,
1967,

Smith, 1979

LDH-X

Carnitine acetyl-
transferase

NAD-malate

dehydrogenase

10,000 g
10 min.

4 °C

500 g
5 min.

4 °C

500 g
5 min.

4 °C

0.1 M triethanolamine

0.12 mM NADH

10 mM c-ketovalerate

2.5 uM rotenone

pH 7.2 by HCl

0.1 M Tris

1.25 mM EDTA

2.0 mM L-carnitine

0.2 mM DTHB

0.15 mM acetyl-CoA

pH 7.6 by HCl

0.1 M K-phosphate buffer

0.5 M oxaloacetate
in M KCN

340 Brooks, 1976

Assay medium

incubated at 30 °C

for 2 min.

412 Brook. 1978.

sample Fritz et al.,

1963

OD rrYQnrrrnl- Kitto, 1969,

Brooks, 1978
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III. Results

A. In Vitro Experiment

1. Effect of gossypol on Se-GSH-Px activity in hamster

spermatogenic cells, erythrocytes and hepatocytes

Concentration dependent inhibition of Se-GSH-Px activity was

demonstrated for enzyme from all sources being examined (Fig 2-2). At a

dosage smaller or equal to 20 uM the susceptibility of the enzyme from

spermatogenic cells appeared to be higher than that from hepatocytes and

erythrocytes. Moreover, at gossypol dosage larger of equal to 40 uM, the

susceptibility of the enzyme from spermatogenic cells and hepatocytes

seems to be the same, to be greater than that from erythrocytes. A

maximum inhibition of about 25% was observed for hepatocytes and

spermatogenic cells Se-GSH-Px, whereas approximate 20% inhibition was

observed for erythrocytes Se-GSH-Px activity at gossypol concentration of

100 uM.

2. Effect' of Gossypol on Se-GSH-Px and LDH-X Activities of

Spermatogenic Cells

Concentration dependent inhibition of LDH-X activity was also

demonstrated (Fig. 2-3). Compare the inhibitory effect of gossypol on Se-

GSH-Px and LDH-X activities of spermatogenic cells, Se-GSH-Px seems to

be more sensitive to gossypol at any dosage studied.

B. in Vivo Experiment

The inhibitory effect of gossypol administration on hamster spermatogenic

cells enzyme activities are given in table 2-3. In Fig. 2-4 the

percentage inhibition of gossypol on LDH-X, carnitine acetyltransferase
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Fig. 2-3. In vitro effect of gossypol on Se-GSH-Px and LDH-X activities

from spermatogenic cells p,f hamster. The Y-axis shows the percentage

residual activity. The X-axis shows the concentrations of gossypol in

micromolar. Gossypol were added to the reaction mixture to give a final

concentration from 10-100 uM immediately before assay. The OD change

of 0.1 mM NADPH and 0.12 mM NADH in the final solution was monitored

at 340 ,nm for Se-GSH-Px assay and LDH-X assay respectively. All

reaction were carried out at 30°C. Percentage residual activity of

Se-GSH-Px activities and LDH-X activity after gossypol treatment are

represented by and in the figure respectively. The mean

values of 3 separate measurements are represented in each point. At the

scale used in the figure, the three measurement are essentially

indistinguishable.
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Fig. 2-4. In vivo effect of gossypol in different spermatogenic cell

enzyme. (A) LDH-X inhibition was compared with Se-GSH-Px

inhibition
f.

; (B) NAD-malate dehydrogenase inhibition was

compared with Se-GSH-Px inhibition (C) carnitine acetyl

transferase inhibition was compared with Se-GSH-Px inhibition

gossypol was administered orally to male hamster with dosage of

10 mgKgday (6 days per week). The Y-axis shows the percentage

inhibition of the enzyme activities by gossypol. X-axis shows the days

of gossypol treatment. Soluble fractions isolated from centrifugation of

sonicated spermatogenic cells at corresponding speed were used for

different enzyme assays. The enzyme assay condition was shown in table

2-2.
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Table 2-3 Percentage inhibition of enzyme activities following oral administratior

of gossypol

Enzyme

Davs of treatment

3 25 A 2 60

T.nn-Y

NAD-malate

Dehydrogenase

Carnitine acetyl-

transferase

Se-GSH-Px

-6.8+ 3.9

-12.0+ 3.7

11.2± 30.0

8.9+ 2.7

14.7+ 40.3

9.3+ 23.7

12.6+ 28.9

43.8+ 5.0

15.6+ 15.7

-10.2+ a:

9.3± 9.9

48.2+ 14.9

17 4+ 2.~

10.5± 13.S

_1 n c x c. o

71.8+ 1.4
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and NAD-malate dehydrogenase activities are compared with that on Se-

GSH-Px activities.

For LDH-X, slight stimulation was observed for 3 days. However, after

that a constant inhibition of about 15% was persisted from 25 days to 60

days with a slight increase back to 7.3% at 90 days.

For NAD-malate dehydrogenase, there was no consistent changes. Both

stimulation and inhibition within 10% were observed throughout the entire

period of studies. For carnitine acetyltransferase, approximate 10%

inhibition was observed from day 3 to day 42, but the enzyme activity

jumped back to show 10% stimulation at day 60. Moreover, the enzyme

appeared to retain 100% activity in the end of the studies.

Different from LDH-X, NAD-malate dehydrogenase and carnitine

acetyltransferase which didn't show significant consistent inhibition of

enzyme activity by gossypol, Se-GSH-Px showed a drastic inhibition start

from 2p days to 90 days, with a saturation of 70% inhibition started on

60 days.

IV. Discussion

The antifertility effect of gossypol on male was well established. For

hamsters, the most sensitive animal, the effective dose was 5-10

mgkgday, given for 6-12 weeks (Chang et al., 1980; Hahn et al... 1981;

Waller et al., 1981; Saksena and Salmonsen, 1982). In the in vivo

experiment, gossypol were administered orally to male hamsters with

dosage of 10 mgkgday (6 day per week) for a period of 3 days to 90

days. Agree with the previous reports from the other groups, dead and



GossypolSe-GSH-Px

immotile spermatozoa could be observed in the cauda epididymis after 42

days of treatment and the percentage of defected spermatozoa increase.

with the time of treatment (data not shown). Weight loss and darkening

of testis color were also observed. Thus, the gossypol dosage used

appeared to be effective in this experiment.

There was no consistent change in the NAD-malate dehydrogenase and

carnitine acetyltransferase activities after gossypol treatment. The

inhibition of these enzyme activities only fluctuated within +10%. These

results were consistent with the in vitro test reported by Tso et al that

carnitine acetyltransferase was inert to the gossypol action while NAD-

malate dehydrogenase only showed mild inhibitory effect (Tso et al.,

1982a)

LDH-X was once believed to be the primary target of the

antispermatogenic effect of gossypol since it is uniquely located and

highly susceptible to gossypol action in vitro (Lee and Mailing, 1981; Tso

and Lee, 1982; Olgiati and Toscano, 1983; Stephens et al., 1983).

However, recent finding show that LDH-X inhibition in vivo is not a

primary contribution to the antifertility effect produced by gossypol

(Hoffer, 1985; Morris, 1986). The result of present studies conforms to

this suggestion. LDH-X activity, though persistently reduced, still had

approximate 80% remained after 25 days of gossypol treatment.

Different from LDH-X, NAD-malate dehydrogenase and carnitine

acetyltransferase, Se-GSH-Px appears to be highly susceptible to gossypol

inhibitory effect. Inhibition of enzyme activity was observed within the

entire period of studied. About 50% enzyme activity was inhibited after

42 days of gossypol treatment. It was the time when immotile and dead
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spermatozoa were observed in the experimental animals. Hamsters treated

with this dosage for 42 days were shown to be subfertile (Hoffer, 1985).

Inhibition of enzyme activities and already started on 25 days. It seems

that inhibition of enzyme was processed to the observation of defects in

the spermatozoa. Moreover, whether the inhibition of Se-GSH-Px cause

defects in spermatogenic cells need further investigation.

y1

In the in vitro experiment, gossypol was also shown to inhibit Se-GSH-Px

activity. The susceptibility of the enzyme seems to be higher than that

of LDH-X.

The fluidity and structural integrity of plasma membranes are maintained

by phospholipids. These .phospholipids are rich in unsaturated fatty acids

which are highly susceptible to lipid peroxidation. In spermatozoa,

phospholipids are rich in the spermatozoal membranes (Jones et al., 1978;

Poulos and White, 1973). Of course, the structural integrity of the

spermatozoal membranes are very important for sperm function. If lipid

peroxidation take place in spermatozoal membranes, structural integrity of

spermatozoa will loss, hence permanent defect of spermatozoa will be

resulted.

Recently, gossypol was shown to promote superoxide free radicals

formation when incubated with rat liver microsomes or human sperm (de

Peyster et al., 1984). It was believed that superoxide free radical

production may be the underlying basis of gossypol's biological activities.

The stimulation of superoxide free radical formation by gossypol was once

again demonstrated by Wu and Yu (Wu and Yu, 1986). Racemic gossypol,

ranging from 31.3 to 500 uM, stimulated superoxide anion generation when

.incubated with either rat liver and kidney microsomes. Though such an
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stimulation was not outstanding when tested with heart and testis

microsomes, increase in superoxide anion generation was still observed.

Superoxide anion and other oxygen radicals subsequently formed by chain

reaction are highly reactive and toxic. They are capable of inducing

peroxidation of lipids and damage to cellular membranes (Fridovich, 1974b;

Fridovich, 1978). Mammalian spermatozoa are sensitive to lipid

y'

peroxidation, and the peroxide produced from the unsaturated fatty acids

of the sperm phospholipids are strongly spermicidal (Jones and Mann,

1973; Jones and Mann, 1976; Jones et al., 1978; Jones et al., 1979).

Se-GSH-Px is one of the enzyme that is responsible for detoxication of

oxygen radicals. It works with both protective and repair mechanism. It

protect the cells by catalyze the reduction of H202 to H20 before any

damage occur. If unfortunately peroxidation of cellular component are

taken place, Se-GSH-Px can reduce the organic hydroperoxide, ROOH, that

formed to corresponding alcohol, ROH, and water before any further

cellular damage occur. From the result, it was showed both in vivo and

in vitro that gossypol can inhibit the Se-GSH-Px activity. Hence, both

protective and repair action of Se-GSH-Px is reduced and the cells are

susceptible to various oxidative damages. In mammalian semen, catalase

were shown to be absence (Mann, 1964). Therefore the protective role of

Se-GSH-Px in reduction of H202 is more critical (Brown et al., 1977).

Gossypol on one hand stimulate superoxide anion generation, on the other

hand inhibit Se-GSH-Px, seems to favour lipid peroxidation in

spermatogenic cells. However, this suggestion is perplexed with a recent

finding that gossypol can inhibit lipid peroxidation. It was reported that

gossypol could influence the erythrocyte membrane function by preventing
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the inactivation induced by ascorbic acid of a membrane bound enzyme

such as Na+-K+ ATPase through inhibition of lipid peroxidation (Sheriff.

et aL, 1987). It was shown that gossypol inhibit lipid peroxidation in a

dose dependent manner (Sheriff, 1986). Gossypol tetra-acetic acid was

believed to bind to the phospholipid-rich region of plasma membranes and

prevent peroxidation of polyunsaturated fatty acids attached to these

phospholipids. Moreover such inhibition is not specific to spermatozoal

membranes.

The problem is more profound by the existence of second type of

glutathione peroxidase which consists of protein that do not depend on

selenium for catalysis (Lawrence and Burk, 1976; Prohaska and Ganther,

1976). This class is constituted by glutathione transferases (Prohaska

and Ganther, 1977). Though it is currently not believed that the

peroxidase activity of the glutathione transferases represents their major

biological function, the contribution of the glutathione transferases to the

total peroxidase activity is especially high in rat testis (Lawrence and

Burk, 1978). It has been found that in selenium deficiency, when

Se-GSH-Px activity decrease in liver, the relative importance of the

peroxidase activity of the glutathione transferase increases.

Though glutathione transferase have complementary function with Se-GSH-

Px, inhibition of Se-GSH-Px by gossypol in spermatogenic cells is still

adverse. First, glutathione transferase have negligible activity with

H202, hence only have repair function, the role of reduce H202 to H20

still depends on Se-GSH-Px. Secondly, glutathione transferase was also

reported to be inhibited by gossypol.
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Moreover, whether inhibition of Se-GSH-Px is critical in gossypol

antifertility effect is facing another challenge. Se-GSH-Px is widely.

distributed in the body and is not specific to the gonads. In the in vitro

test, liver and erythrocytes, the two largest Se-GSH-Px pool in the

animals, were also shown to be inhibited by gossypol, though Se-GSH-Px

from spermatogenic cells seems to be more susceptible to gossypol action.

So it appears that inhibition of Se-GSH-Px in vitro is nonspecific for

spermatogenic cells. However it does not rule out the possibility that the

gossypol inhibition is different in vivo with respect to that of- in vitro.

It is well known that gossypol is highly reactive compound and favour

formation of Schiff bases with lysine residues of protein (Conkerton and

Frampton, 1959). The .transformation of pepsinogen to pepsin was

inhibited by gossypol due to binding of gossypol to its lysine residues

(Wong et al., 1972). This effect may account for most of the in vitro

activity. The in vitro inhibition of Se-GSH-Px in this experiment may

also due to gossypol nonspecific reactivity. The obvious inhibition of Se-

GSH-Px in vivo may due to gossypol effect on the enzyme production or

effect on the post-translational modification of the enzyme. Among these

the selenium metabolism may be one of the target that affected by

gossypol, as Se-GSH-Px activity was shown to be reduced under selenium

deficiency.

Though Se-GSH-Px is widely distributed in blood, gossypol may bind to

the albumin in serum and make it unavailable with respect to its

inhibitory action on Se-GSH-Px. Human serum albumin binds with very

high affinity to gossypol, KD about lxlO-9 molL (Royer and Van der Jagt,

1983). Since serum contain albumin in large excess, which will bind

gossypol, and so decrease the concentration to which the erythrocytes
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enzyme are exposed. Hence the Se-GSH-Px activity in erythrocytes may

not be affected much in vivo.

Se-GSH-Px from hepatocytes and erythrocytes was identified to be the

same (Flohe et aL, 1979), but the identity of Se-GSH-Px in testis with

that in liver and blood was not established. In different tissue, even

when Se-GSH-Px is really inhibited by gossypol, the catalase existed can

still prevent oxygen damage by reducing large portion of H202 to H20.

Though Se-GSH-Px activity appears to be inhibited by gossypol both in

vivo and in vitro, its importance in gossypol antifertility action still need

to explore, as inhibition was shown to be nonspecific to spermatogenic

cells in vitro. Also the relative importance of glutathione transferases

after Se-GSH-Px was inhibited by gossypol need further investigation.
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CHAPTER 3 EEEEGT OF GOSSYPOL ON HAMSTER SELENIUM STATUS

I. Introduction

In chapter 2, it has been shown that gossypol selectivity inhibits the

activity of a selenium dependent enzyme glutathione peroxidase (Se-GSH-

Px, Ec 1.11.1.9) in hamster. Though the pathway that involves Se-GSH-

Px is unlikely to be the only one that metabolizes selenium, it is the

most extensively studied one and by far, the best documented function of

selenium in mammals (Diplock et al., 1973; Shamberger, 1983). Se-GSH-Px

is the only selenium dependent enzyme known in mammals, while other

selenium dependent enzymes were reported in bacteria (Stadtman, 1974a;

1974b; Turner and Stadtman, 1973; Wagner and Andreesen, 1979;

Hartmanis, 1980). Since the activity of Se-GSH-Px depends on the

amount of biologically available selenium in the diet, it has been used as

an indirect measurement of selenium status in man (Thomson and Duncan,

1982). Hence, to determine the biopotency of selenium compounds, and to

study selenium metabolism, the measurement of tissue Se-GSH-Px can be

used in view of its high sensitivity (Sunde et al., 1982). The fact that

gossypol inhibits the activity of Se-GSH-Px opens up the possibility that

it may affect selenium metabolism in one way or the other in mammals

the decrease in enzyme activity may have stemmed from a reduction

of the animal selenium status. With this working hypothesis in mind, the

effect of gossypol on hamster selenium status is studied and reported in

this chapter.
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A. Route of Selenium Absorption

Selenium is absorbed from the gastrointestinal tract. The amounts

absorbed and its distribution within the body vary with the species, the

chemical form and the amount of the selenium compounds ingested.

In studies of selenium metabolism with 75Se in sheep and swine, Wright

and Bel-l found that the duodenum is the main site of absorption of

selenium and there is no absorption from the rumen or abomasum of

sheep, or the stomach of pigs (Wright and Bell, 1966). About 35% of the

ingested 75Se isotope was absorbed in sheep and 85% in pigs, when

rations containing 0.35 and 0.5 ppm Se, respectively, were consumed. In

rat, the intestinal absorption after oral administration was estimated to

be 91% to 93% for selenite and 95% to 97% for selenomethionine (Thomson

and Stewart, 1973). In human most selenium compounds are very

efficiently absorbed from the duodenum and proximal jejunum (Stewart et

al., 1978; Young et al., 1982; Levander, 1984). This suggests that there

is no mechanism to restrict the absorption of these compounds (Levander,

1982). Thomson and Stewart have studied the metabolism of 75Se in

three young women and found that the intestinal absorption of 75Se

selenite by the three subjects was 70%, 64%, and 44% of the dose

(Thomson and Stewart, 1974). Monogastric animals have a higher

intestinal absorption of selenium than ruminants, probably due to the fact

that selenite is reduced to insoluble compounds in the rumen that make it

less available to the animals (Cousins and Cairney, 1961).

In selenium deficiency, a greater tissue demands for the selenium is

observed and 75Se is more efficiently retained from those fed on

selenium-supplemented diets (Jensen et al., 1963; Burk et al., 1968; Lopez
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et al., 1968; Wright arid Bell, 1964). This inverse relationship of 75Se

retention with dietary level of selenium have been demonstrated both in.

lambs and rats (Lopez et al., 1968).

Once selenium is absorbed, it is rapidly uptaken by the liver and

erythrocytes and return to plasma in a metabolized form (Griffiths et al.,

1976; Janghorbani et al., 1982). Erythrocytes have a specific function in

the metabolism of selenite, reducing it to a form which, after extrusion, is

able to bind to plasma protein (Sandholm, 1975; McMurray and Davidson,

1979). From the plasma proteins, selenium enters all the tissues,

including the bones, the hairs, and the red blood cells and leukocytes

(Buescher et al., 1960; Cousins and Cairney, 1961). An analysis of

subfractions of plasma and cells of human blood obtained from 254 normal

individuals have indicated that the highest selenium concentrations were

in the plasma alpha and beta-globulins (Dickson and Tomlinson, 1967). In

time-distribution studies of dogs serum proteins, it has found that

albumin is the immediate receptor of 75Se. After some time, the selenium

is released and is bound by other serum proteins, namely, alpha-2-and

beta-1-globulins (Schwarz and Foltz, 1957). Though selenium

concentration in red cells is lower when compared with other serum

proteins, McConnell and Roth have suggested that once selenium enters

the red cells, it remains there throughout their life-span, 100-120 days

(McConnell and Roth, 1962).

In chicks, 24-173 hours after crop intubation with H275SeC)g, 50-70% of

the 75Se was located in the alpha-2 and the gamma globulin fractions

(Jenkin et al., 1969). The lipid fractions of serum lipoproteins was also

firmly labelled with 75Se both in rats and in humans (Hirookan and

Galamboz, 1966).
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B. Metabolic Pathway of Selenium in Mammals

With the studies on biopotency of different selenium compounds, a general

pathway for selenium metabolism was proposed by Sunde and Hoekstra

(Sunde and Hoekstra, 1980a). (Fig. 3-1). Fig.3-1 shows that

selenomethionine has two fates: incorporation into general body proteins

or degradation. In a very simplified way, selenium metabolism can be

described as follows: selenite, selenate, selenomethionine, selenocysteine

and selenocystine are reduced via enzymatic and nonenzymatic steps, both

involving glutathione, and converted to selenide: HSe~ (Hsieh and

Granther, 1975). It is this central compound, selenide, that correspond to

the form of selenium that incorporated into Se-GSH-Px. The incorporation

is postulated to be a post-translational reaction (Sunde and Hoekstra,

1986b). However, more recently, it is found that a UGA opal stop condon

is used to specify the cotranslational insertion of selenocysteine into

proteins (Stadtman, 1987). A more direct proof that the TGA stop condon

(UGA ifi mRNA) does indeed code for selenocysteine was provided when the

gene encoding a mammalian glutathione peroxidase was shown to contain

TGA in the position corresponding to the already known location of the

selenocysteine residue in the protein sequence (Gunzler et al., 1984;

Chambers et al., 1986).

C. Elimination of Selenium from the Body

Selenium is removed from the body through excretion into the fecess, the

urine, and the expired air. In fig 3-1, if selenide is further metabolized,

dimethylselenide [SetCHgl and tri-methylselenonium ion [Se(CH3)3+] will

be resulted. Under physiological conditions, trimethylselenonium ion is
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Selenocystine

(2

Selenocysteine

(3 ( A

General

3ody

Proteins

(1)
. Seleno¬

methionine
(5) Selenite

(1'

Selenate

(6)

Selenide

(8)

(9 I

Pre-GSH-Px

(10)

(CH) Se

(CH) Se

Se-GSH-Px

Pig. 3-1 Proposed diagram of Se metabolism.

Reaction 2,3,4,5,6,7: analogus to sulfur metabolism.

Reaction 1: incorporation of Se-Met into general

proteins in place of Met; reaction 8,9: selenite

reduction pathway and susequent methylation;reaction

10: hypothetical GSH-Px selenocysteine synthase.

Adopted from Sunde et al., 1981.
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the major excretory product of selenium in feces and urine. Negligible

excretion of dimethylselenide occurs in sweat and breath (Neve et al,

1985). In monogastric animals, urinary excretion of Se is usually greater

than fecal excretion (McConnell, 1948). Urinary selenium output can

account for 55 to 60% of the total human selenium losses over a wide

range of selenium intake, 0.32-3.00 umol (25 to 235 ug) selenium per day

(Sakurai and Tsuchiya, 1975; Griffiths et al, 1976; Levander et al., 1981a;

Young et al., 1982; Levander, 1984). Elimination of selenium via the

kidney is an important feature of body homeostasis (Janghonbani et al.,

1984), as part of newly absorbed selenium is rapidly excreted in urine (2-

5 hours after injection) and does not fully equilibrate within the body

selenium compartment during this early period (Thomson and Stewart,

1984; Griffiths et al., 1976; Young et al., 1982; Janghorbani et al., 1982).

Increasing dietary selenium levels markedly increase the amount of

selenium in urine (Lopes et al., 1968). At high dietary intake of

selenium, exhalation of selenium become an important route of excretion

(Ganther et al., 1966; McConnell, 1948). Also the pulmonary excretion of

injection 75Se is increased when the protein and methionine contents of

the diet are increased. Selenium metabolism and excretion can be affected

by interactions with other compounds, such as, sulfate. The urinary

excretion of selenium following a parenteral dose of sodium selenate was

increased nearly three-fold in rats given sulfate parenterally and in the

diet (Ganther and Baumann, 1962).
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D. Distribution of Selenium in Various Animal Tissues

Selenium occurs in all the cells and tissues of the body at level that

vary with the tissue. On basis of total content, liver has been shown to

be the organ that contains the greatest amount of selenium. However, if

the tissue distribution is expressed in term of mg selenium per Kg tissue

wet weight, kidney and especially the kidney cortex, has by far the

greatest selenium concentrations, followed by the glandular tissues,

especially the adrenals, testis and liver (Behne and Hofer-Bosse, 1984).

Muscles, bones and blood are relatively low and adipose tissue are very

low in selenium (Shamberger, 1984). If the selenium level is expressed in

mg selenium per Kg dry mass of tissues, testis is the highest selenium

containing organ according to most work done on rats, since a high

percentage of water exist in this organ (Behne et al.% 1986).

Kidney and liver are most sensitive organ in the animal to the selenium

status, so valuable place of diagnostic information can be obtained from

the concentration of selenium in these organs. Normal concentration of

selenium are greater than 1.0 ppm selenium in the kidney cortex and 0.1

ppm in the liver. About one-half of this quantity indicates a marginal

selenium deficiency (Andrew et al., 1968). At high dietary selenium

intake to toxic level, the selenium concentration will jump up to 5-7 ppm

in liver and kidneys. Nevertheless, selenium is not continuously

cumulative in the tissues, for excretion begins to keep pace with

absorption beyond this tissue levels (Cousins and Cairney, 1961).

Besides the change of level with tissue type, selenium levels in the body

also change with the level of selenium in the diet. New Zealand have low

content of selenium, and Stewart et al have shown a body pool size of
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0.05-0.13 mmol (4-15 mg) for New Zealanders (Stewart et al., 1978).

However, Sehroeder et al have estimated a body pool size of 0.17-0.25

mmol (13-20 mg) selenium for Americans (Sehroeder et al., 1970).

In this chapter, the study of gossypol effect on the distribution of

selenium in various tissues are presented. Since there is an obvious

interest for our study of fertility, a careful measurement of selenium

change'in the spermatogenic cells and spermatozoa are also included.

II. Materials and methods

A. Materials

1. Reagents

The following chemicals were purchased from Sigma Chemical Co. (U.S.A.),

2,3-diaminonapthalene, DAN; EDTA (tetrasodium salt); Hydroxylamine

hydrochloride; Sodium selenite; Methyl orange. Nitric acid, S.G. 1.41;

Hydrochloric acid, S.G. 1.16; and Ammonium hydroxide, S.G. 0.880 were

purchased from Koch-light Limited (U.K.). Perchloric acid, 70-72% were

purchased from Merck Chemical Co. (West Germany). Sodium chloride was

purchased from Riedal-de Haen Chemical Co. (West Germany). All the

above chemicals were of analytical grade.

2. Equipments

A heating block made of aluminum was used in the experiment for

digestion of the samples. It was 35 mm thick, 180 mm diameter, drilled to

contain 41 holes, 16 mm diameter and 30 mm deep for the accommodation
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of the digestion tubes. It was also equipped with a removable aluminum

shields, 50 mm high and a thermometer. Pyrex test tube, 15 x 100 mm

were used as digestion tubes in the experiment.

3. Experimental Animals

Male Chinese golden hamsters (.170-250 g) raised under standardized

laboratory conditions in an air-conditioned animal room with lights on

from 0600 to 2100 hours were used. Commercial diet with adequate

amount of selenium and vitamin E were used (Rodent Laboratory Chow

5001, Labchows, Purina Mills, Inc.).

B. Methods

1. Drug Treatment

To find the gossypol effect on hamster selenium status, gossypol dissolved

in corn oil was administered orally to male hamsters with a dosage of 10

mgKgday (6 days per weeks) for a period of 3 to 60 days. The control

animals were force-fed with corn oil alone. At different time intervals

(3, 25, 42 and 60 days after treatment), the hamsters were sacrificed and

different tissues were removed. Spermatogenic cells and mature

spermatozoa were isolated from the testis and the epididymis respectively.

After washing, the cell was sonicated with the ultrasonic cells disrupter

and lyophilized accordingly. Approximately, 20 mg lyophilized sample

were weighed accurately for fluorometric assay of selenium. The mean

values of selenium levels of control and experimental animal tissues were

compared with student t' test.
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2. Fluorometric Assay for Selenium

Selenium content of the sample were determined by fluorometric method

using 2,3-diaminonaphthalene. The method are based upon measuring the

fluorescence of the compound (4,5-benzopiazselenol) formed specially by

reaction of selenious acid with 2,3-diaminonaphthalene. The procedure

was adopted from Bayfield and Ronalis (Bayfield and Ronalis, 1985). The

experimental protocol was outlined in Fig. 3-2.

Digestion mixtures were prepared by mixing concentrated nitric acid with

concentrated perchloric acid in a 1:1 ratio (vv). masking reagents were

prepared by mixing the following 3 components and diluted to 1 liter, (a)

2.5M EDTA, 8 ml; (b) 0.69M NlOH.HCl, 500 ml; (c) 0.05% aqueous methyl-

orange, 40 ml. 0.1% DAN solution was prepared in 0.1 N HC1 immediately

before use. Day light was excluded during the preparation and the use of

DAN reagent. All solutions were prepared with double distilled water.
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Fig. 3-2 Protocol for fluorometric assay for selenium

with 2,3-Diaminonaphthalene

Weighed about 20mg lyophilized tissue and place in the

digestion tube

Added 3 ml digestion reagen-

Heated for 2-2.5 hours with temperature gradually rsised

from 100 C to 180 C but never exceed 210 'C

Cooled the remaining 1 ml HCIO

Added 0.4 ml 5N HC]

Heated at 130- 150'°C for 15 min.

Cooled and added 2 ml masking reagent

Added 7.5 NH„OH dropwise until yellow color was formed

Added 1 N HC1 dropwise until first definite pink color

appeared

Diluted to 9 ml with double distilled water

Added 1 ml freshly prepared DAN sulution (day light excluded)

Mixed in the vortex mixer

Incubated at 50 C for 30 min.

Cooled and added 3 ml cyclohexane

Mixed for 30 min. and stood for 30 min.

Read fluorescence of cyclohexane layer at 525 nm (excitation

364 nm)
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III. Results

The tissue selenium content after 42 days of gossypol treatment compared

to that of the control were shown in Fig. 3-3. It is obvious that liver

have the highest selenium content (about 8 mgKg dry mass) followed by

kidneys and adrenals glands (about 6-7 mgKg dry mass). Spermatozoa

and spermatogenic cells have moderate amount of selenium (about 3-4

mgKg dry mass)among the tissue being studied. Thymus has the lowest

selenium content (about 1.75 mgKg dry mass). The results show that

unlike reported values in rats, hamster gonad are unexpectedly low in

selenium content. In the same figure, and also expressed clearly in table

3-1, the selenium contents of all organs except liver increase after 42

days of gossypol treatment, whereas liver shows nearly the same values

as the control, or a little decrease. A study of these results with

'student t' test indicates that none of the experimental values shows a

difference from the control significantly with p0.01.

In order to study more carefully the concerned tissue under gossypol

treatment, selenium content of spermatogenic cells and spermatozoa at 4

time intervals are taken for comparison and the result are depicted in fig.

3-4. The percentage changes between the control and the experimental

animals are calculated at table 3-2. For the period up to 60 days under

investigation, there is hardly any change in the selenium level in both

the two gamete cell types. The 'student t' test for the results from 4

time intervals indicate the difference between control and experimental

animals are not significant.
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Fig. 3-3. Tissue selenium content after 6 weeks of gossypol treatment.

Gossypol was administered orally to male hamsters with a dosage of 10

mgKgday (6 days per- week) for 6 weeks. Lyophilized tissues from

kidneys, spleen, thymus, adrenals, sperm, spermatogenic cells and liver

were used for fluorometric assay of Se content. Selenium content were

presented as mean+S.E. (n=3). The selenium content of control and

gossypol treatment animal samples were represented by and

respectively. There are no experimental results that are significantly

different from that of the controls with P0.01.
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Fig. 3-4. Gossypol effect on selenium content of spermatozoa and

spermatogenic cells. (A) Spermatozoa from epididymis; (B) spermatogenic

cells from testis. Gossypol was administrated orally to male hamster with

a dosage of 10 mgKgday (6 days per week). Each point in the figure

represent means ;+S.E. of three separate measurement. The selenium

content of the control and gossypol treated animal samples was

represented by and respectively. Selenium content were

determined by fluorometric method and expressed as mg SeKg dry mass.
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Table 3-1 Gossypol effect on selenium content in tissues of hamster (with

rat for normal distribution comparsion)

Tissue Selenium Content

mq SeKg dry mass

% Change

Hamster

Control Gossypol

Rat C Hamster

gossypol-Ctntro]
0~i~i( TTVI

Liver

Kidneys

Adrenals

Spleen

Thymus

Spermatozoa

(From epididymis)

Spermatogenic cells

(From testis)

8.02± 0.71

5.31+ 0.60

6.47± 1.13

2.29± 0.24

1.70± 0,33

3.04+ 0.23

3.99± 0.17

7.90± 0.70

7.11± 0.66

6.92± 1.00

3.33± 0.47

1.76± 0.22

3.24± 0.25

4.37± 0.39

4.09± 0.10

6.01+ 1.00

2.53± 0.27

1.85± 1.30

1.02± 0.07

21

6.72± 0.32 d

- 1.5

+ 34

+ 7.0

+ 45

+ 3.8

+ 6.6

+ 9.5

a. Gossypol was administered orally with 10 mgKgday (6 daysweek) for 6 weeks

b. Selenium was determined by the fluorometric method

c. Taken from Behne and Wolters, 1983

d. Whole testes selenium content

o
o
to
to
KJ
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Table 3-2 Gossypol effect on selenium content in

spermatozoa and spermatogenic cells

Spermatozoa from epididymis

Days of treatment3 3 25 42 60

Control Se content

Experimental Se content

2.98+ 0.44 3.35± 0.23 3.04± 0.23 2.50± 0.05

2.84+ 0.37 3.31+ 0.21 3.24± 0.25 2.33± 0.08

% Change
Eerijienfcaltntrol

-4.7 -1.2 +6.6 -6.8
Ctntrol

Spermatogenic cells- from testis

g
Days of treatment 3 25 42 60

Control Se content 3.56± 0.42 3.35+ 0.32 3.99± 0.17 4.36± 0.11

b
Experimental Se content 3.38± 0.30 2.92± 0.28 4.37± 0.39 4.53± 0.13

% Change
Experureiilaltntrol

-0.1 -12.8 +9.5 +3.9

Ctntrol

a. Gossypol was administered orrally with 10 mgKgday

(6 daysweek)

b. Se content was determined by flurometric method and

expressed in mg SeKg dry mass
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IV. Discussion

A comparison of the distribution trend of selenium in both animal types

indicate a change particularly large in the male gonads. It seems that

hamster has an unusual low selenium level when compared to other

common rodent species as well. Our present understanding is that

hamster has a high gossypol antifertility sensitivity compared to most

other mammals. Whether the unusual trend has a significance in the

unraveling of the nature of gossypol antifertility mechanism is still being

persued in our laboratory. But additional results done by our group has

shown an animal species, jerboa, which after examination, has a high

content of selenium in the testes coupled with a lack of sensitivity

towards gossypol (data not shown). This will be followed more closely in

future work.

After 42 days of gossypol treatments, there is no significant change in

tissue selenium content in all tissue types. Very likely gossypol has no

effect on the gross selenium content of all organs in hamster under the

treatment conditions. Neither is there any significant change in the

amount of selenium present in spermatozoa and spermatogenic cells,

observed in a prolonged 60 days period. Nevertheless, this results have

not yet completely ruled out a possible link between gossypol and

selenium metabolism.

In rat experiments, a regulatory mechanism that can maintain the selenium

content in testes at a certain level has been demonstrated, disregard a

marked decrease in the selenium content and in the Se-GSH-Px activity in

the extragonadal tissues (Behne et al., 1982; Behne and Walters, 1983).

This means that some components in the system, preferably a
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macromolecular moiety, can control the amount of the selenium content in

the organ. If this regulatory mechanism is somehow affected by gossypol,

accordingly, the preferential supply of the element to the male gonad will

be disturbed, leading to a decrease in the element level in the gonad.

But the time when the regulatory system is affected (inhibited) does not

necessary come hand in hand with the onset of gross selenium tissue

level change. 60 days may in fact not be long enough to have the

selenium level change developed but barely good enough to upset the

regulatory system that generates sufficient effect on the antifertility

action. Since selenium has been reported to have a very long biological

half-life in the male gonad (Wu, 1972), it is not unusual that no obvious

changes is noted during the 60 days gossypol feeding period. In any

case, the measurement of the gross selenium content is then not a

suitable and sensitive monitoring system for gossypol antifertility action

on selenium metabolism. However, the regulatory mechanism was

demonstrated to be under hormonal control (Behne et al., 1982). As

gossypol action on male reproductive system was believed not hormonal

related, it seems that the selenium regulatory system is not the target of

gossypol action. Judging from the result that no significant change has

been detected in total selenium content after a long period of gossypol

treatment, even though a delay effect of the damage regulatory system

may still be possible, it does seem that selenium change is not the main

cause of gossypol antifertility action, but rather a consequence of the

defect in the regulatory system. This is not persued further.

Alternatively, there is another possibility that gossypol does indeed affect

a regulatory mechanism that is related to fertility, such as the enzyme

Se-GSH-Px. In this case, even through Se-GSH-Px is a key seleno-
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containing enzyme in the gonad, its abundance is about 1% of selenium

present (Behne and Walters, 1983; Behne et al., 1986). In the previous

chapter, we have shown that Se-GSH-Px is particularly sensitive to

gossypol inhibition in hamster gonad. Either a blockage of this enzyme

biosynthesis or an inhibition in its activity will lead to a physical

damage to the midpiece membrane development. But a 1% protein change

will definitely not been detected by our gross selenium detection assay.

In order to closely watch any change in the selenoproteins, at least one

of which is Se-GSH-Px, experiments aiming at the detection of molecular

species are designed. This is followed in next chapter.
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CHAPTER 4 EFFECT OF GOSSYPOL ON THE STRUCTURAL SELENOPROTEIN

OF HAMSTER SPERMATOZOAL MITOCHONDRIA CAPSULE

I. Introduction

Selenium is a vital element in the mammalian male gonads (Behne et al.,

1986). It is an essential components of glutathione peroxidase, which is

the only hydrogen peroxide detoxicating enzyme in the gonad. In this

enzyme, selenium is a substitute for sulphur. Besides that, selenium is

shown to specifically incorporated into a structural protein on the sperm

mitochondrial capsule (Calvin et al., 1981; Pallini and Bacci, 1979). In

chapter 2, it has been shown that gossypol inhibits the Se-GSH-Px

activity. In spite of the absence of any significant change in gross

selenium metabolism in gossypol treated hamster, there is still a

possibility that gossypol may affect the formation of the specific

selenoprotein on the mitochondrial capsule. This possibility is hence

being studied in this chapter.

A. Effect of Selenium Depletion on Reproduction

The essential role of selenium in normal spermatogenesis has been

demonstrated in rats, mice, and boars (McCoy and Weswig, 1969;Sprinker et

al., 1971; Wu et al, 1973; Wallace et al., 1983a; Liu et al., 1982). Even

though the morphology and motility of rat sperms were still normal, after

the animal had been fed with selenium deficient diet (less than 0.02 ppm)

for four months, half of them produced sperms that were completely

nonmotile if the selenium depletion was maintain for up to eleven months.

Under light microscope, the defected spermatozoa showed evidence of
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characteristic midpiece abnormality (Wu et al., 1979). This selenium minus

spermatogenic defect was more evident in second-generation selenium

deficient male rats (selenium deficient rats born to females on a selenium

deficient diet), in which testicular atrophy with aspermatogensis was

generally observed (Sprinker et al., 1971). Though active spermatogenesis

was still taken place, spermatozoa from cauda epididymis had poor motility

with .most of which showing breakage of the fibrils in axial filaments (Wu

et al., 1973). McCoy and Weswig had found that 5 out of 8 second-

generation selenium deficient male rats produced immotile spermatozoa

with separation of heads from tails (McCoy and Weswig, 1969). It was

found that dietary supplementation with alpha-tocopherol or other

antioxidants did not alleviate the symptoms of selenium deficiency (Wu et

al., 1973), indicating that the role of selenium on sperm motility is indeed

specific and cannot be substituted by antioxidant.

In mice, Wallace et al. showed that sperm production in mice did not

decrease immediately after selenium deficiency (Wallace et al., 1983a).

First generation selenium deficiency males displayed normal contents of

epididymal spermatozoa. Abnormalities of spermatozoa only displayed in

severe selenium deficiency, i.e. in second-generation selenium deficient

males. Though mice showed a similar spermatozoa abnormalities, mouse

sperm samples that contained over 90% grossly abnormal spermatozoa

suffered only a partial loss of motility. Therefore, severe selenium

deficiency, though detrimental to sperm morphology and viability, is not

incompatible with fertility in mice (Wallace et al., 1983a). Similar to the

studies of rodents, increase in the percentage of tail defects in

spermatozoa from cauda epididymis under selenium depletion was also

observed in infancy boars (Liu et al., 1982). Tail defects included acute
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bending, enlargement of the neck region, and unusual constriction in

principal piece and midpiece. In general, the defect is structural and

related to the morphology of the sperm. These findings suggest that

selenium plays a specific role in normal sperm tail development.

B. Ultrastructural Studies of the Effect of Selenium Deficiency on

... Spermatozoa

The damage of selenium deficiency in the spermatozoa was oriented

towards the sperm midpiece and appeared to affect the membrane system,

at least in the outer membrane, of the sperm structure (Wu et al., 1979).

Damage in some cases was extensive, but did not appear to affect the

head portion of the spermatozoa.

Under electron microscope subtle disorientation of the mitochondria within

the midpiece sheath can be observed in defected sperms, from moderately

(i.e. first-generation) selenium deficient mice. Mitochondrial profiles are

in general smaller and rounder and the stacking of mitochondria appears

to be slightly more crowed and irregular. The close juxtaposition of

midpiece and principal piece, both in the neck and annulus regions, and

the absence of the plasma membrane between these two closely apposed

tail segments are noteworthy. Besides from severe disorganization of the

mitochondrial sheath and grossly atypical mitochondrial profiles, additional

defects in the organization of tail can also be observed. They include,

disorientation of the axoneme and dense fibers, excess cytoplasmic masses

that sometimes contain more than one tail cross section, missing dense

fibers in the principal piece region, and excess cytoplasm associated with

the midpiece at various levels.



GossypolStructural selenoprotein

The above defects would be magnified in the second- and third-

generation selenium deficient mice where disruption of the distal portion

of the mitochondrial sheath is especially severe. Also, absence of a

considerable number of mitochondria has been suggested to exist due to

selenium depletion based on the observation of large gap between

mitochondria and fiberous sheath (Wallace et al.t 1983a; 1983b).

In order to confirm the specific function of selenium on spermatozoa

mitochondria, spermatozoa mitochondrial ghosts of normal and selenium

deficient mice were compared. In contrast to the unusually stability of

the normal spermatozoa mitochondrial ghosts which retain a characteristic

crescent shape, spermatozoa mitochondrial ghosts from selenium deficient

mice were smaller, less curved, and more fragile.

The irregularities of mitochondria conformation and overall arrangement

found in epididymal spermatozoa, were also displayed in midpiece sheaths

of mature (step 16) spermatids from severely selenium deficient mice.

Thus, it seems that the abnormalities seen in epididymal spermatozoa were

already manifested in late spermatids (Wallace et al., 1987).

C. Incorporation of 75Se into Sperm Tail Structural Proteins

The tissue retention of a submicrogram dose of 75Se03-2 was studied in

rats fed a low selenium Torula yeast diet (Brown and Burk, 1973). It was

shown that the testis-epididymis complex contained 41.8% of the total

body 75Se at 3 weeks after experiment. The testis reached its activity

peak at 2 weeks followed by a peak in the epididymis at 4 weeks,

suggesting 75Se was specifically incorporated into the spermatozoa.

Autoradiography demonstrated that 75Se concentrated in the midpiece of
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the epididymal sperm.

75Se retention was shown to be highly correlated with sperm concentration

throughout the epididymis in bull (Smith et al., 1979). The appearance of

75Se in the ejaculated spermatozoa approximately 20 days following i.v.

injection of 75Se-selenite indicated that selenium was incorporated by the

spermatid.

Similar studies on the incorporation of 75Se into the spermatogenic

pathway of mice and rats were performed by Gunn et al. (Gunn et al.,

1967; Gunn and Gould, 1970). They showed a peak activity of 0.3% of

the dose per gram in testis at 1 week followed by 0.47% in the caput

epididymis at 2 weeks, 0.64% in the corpus epididymis at 3 weeks, and

0.97% in the cauda epididymis at 4 weeks in rats (Gunn and Gould, 1970).

Gould has suggested that 75Se is probably incorporated into late

spermatocytes or early spermatids and that 75Se is not directly

incorporated by spermatozoa residing in the epididymis.

When ejaculated bovine spermatozoa were subjected to repeated freezing

and thrawing in distilled water, the selenium retained with the

spermatozoa. Because 75Se was not released upon rupture of sperm

membranes but remained with the more insoluble components of the

spermatozoa, it was suggested that selenium is incorporated in the keratin

like proteins of the heads and tails (Smith et al., 1979). This structural

role of selenium was confirmed by Calvin, who found that incorporated

75Se is associated almost exclusively with a 17,000-15,000 dalton

polypeptide not related to glutathione peroxidase (Calvin, 1978).

Preliminary studies on the localization suggested that the

selenopolypeptide is situated in the keratinous tail fraction enriched in
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mitochondrial remants and low in dense fiber content (Calvin, 1978; Calvin

and Cooper, 1979). Further investigation found that the selenopolypeptide

is identical with the major cysteine-rich structural protein of the outer

mitochondrial membranes in the rats and bull (Calvin et al., 1981a; Pallini

and Bacci, 1979).

By following the appearance of radioactivity in mature sperm following

injection of 75Se into rats, mice and bulls revealed that 75Se is

incorporated into the cysteine-rich protein mentioned above in

spermatocytes and the incorporation continues during early

spermatogenesis (Gunn and Gould, 1970; Gunn et aL, 1967; Smith et al.,

1979). Wallace et al. re-examined the kinetic problem in rat and found

that the rates of selenoprotein synthesis was high during step 7-12 of

rat spermatogenesis, a period which encompasses the initation of spermatid

elongation, and the synthesis must ceased during step 15, a period which

mitochondria assemble into a sheath that surround the upper portion of

the sperm tail (Wallace et al., 1987; Iron and Clermont, 1982).

Studies on sperm proteins with two dimensional electrophoresis indicated

that the selenoprotein appears to be identical with mitochondrial capsule

protein, MCP (Calvin et al., 1981). This unique cysteine rich

selenoprotein, localized in the outer membranes of the sperm mitochondria,

may be a component solely responsible for the structural integrity of the

spermatozoa tail.
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D. Ultrastructural Studies of the Effect of Gossypol on

Spermatozoa

Under gossypol treatment, spermatogenesis did not come to a dead stop

while reduction of epididymal spermatozoal motility and a gradual

suppression of spermatogenesis was observed (Natl. Coord. Group Male

Antifertil. Agents, 1978; Dai et al., 1978). In some cases, there were

complete separation of heads and tails in the spermatozoa (Gu et al.,

1983).

Under electron microscope, the mitochondria of spermatozoa found in the

epididymis of the treated mammals appeared to be swollen and

transparent, resulting in a loss of the uniform size and regular

arrangement of the spiral sheath. There were no obvious changes in the

germ cells until they reached the late spermatid stage. In the late

spermatids, the evident change was in their midpiece. Though the

mitochondria were seriously damaged in some late spermatids, the other

structures of the spermatids remained basically normal.

When compared to the fertility capacity of sperms from selenium deficient

mammals, it appears that those from gossypol treated mammals also share

a common symptom a system of having the integrity of spermatozoa

mitochondrial outer membrane damage due most likely to a defect in the

selenium metabolism. In the two known functions of selenium in the male

gonads, gossypol has already found to affect Se-GSH-Px activity, but

whether the selenoprotein in the mitochondrial capsule is also affected is

unknown. By separating germ cells at different stages of development

from control and gossypol treated hamsters, the detail selenium metabolism

at cellular level will be shown. This adds to our understanding of

gossypol antispermatogenic action which is also the main purpose of this

chapter.
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II. Materials and Methods

A. Materials

All the reagents used were of analytical grade. The following reagents

were purchased from Sigma Chemical Co. (U.S.A.): dithiothreitol (DTT);

EDTAv (tetrasodium salt); ammonium persulfate; N.N.N'.N'-

tetramethyethylenediamine (TEMED); Coomassie Brilliant Blue G; Trizma

base and glycine. The following reagents were purchased from Pharmacia

Fine Chemicals (Uppsala, Sweden): high molecular weight calibration kit

containing thyroglobulin, ferritin, catalase, lactacte dehydrogenase and

albumin; low molecular .weight calibration kit containing phosphorylase b,

alumin, ovalbumin, carbonic anhydrase, trypsin inhibitor and alpha-

lactalbumin; acrylamine; and N.N'-methylene bisacrylamide. Sodium

hydroxide; dipotassium hydrogen phosphate were purchased from Merck

Chemical Co. (West Germany). Potassium dihydrogen orthophosphate were

purchased from BDH Chemical Ltd. (U.K.). Sodium chloride; disodium

hydrogen phosphate- 12-hydrate; sodium dihydrogen phosphate-2-hydrate,

methanol were purchased from Riedel-de-Haen Chemical Co. (West

Germany). Hydrochloric acid, S.G. 1.16 was purchased from Koch-Light

Ltd. (U.K.).

75Se in form of sodium selenite, NagSeOg, (specific activity 4 mCimg)

was purchased from Amersham International Pic. (U.K.).
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B. Methods

1. To Detect the Distribution of 75Se in Hamster Gonads

Twenty-four uCi of Na275Se03 in 0.05 ml normal saline was injected

intratesticularly into 170-200g mature Chinese golden hamsters which were

force-fed with gossypol (10 mgKgday, 6 days per week) in corn oil for

ll-17weeks or with corn oil alone. After 1, 7, 9, 14, 20 days, the

animals were sacrificed. The testis, caput epididymis and the cauds

epididymis were removed for radioactivity determination. Radioactivity

were determined by Gamma Counter GAMMAmatic II (Kontron Analytical

U.K.)

2. To Determine the Incorporation of 75Se in Hamsters

Spermatogenic Cells at Various Stages of Development

The testis obtained above were decapsulated. Blood capillaries were

carefully removed.' After washing twice with PBS, the seminiferous tubules

were chopped into short segments. The spermatogenic cells were obtained

by mechanical methods. Short segments of tubules in approximately 7 ml

PBS were pipetted up and down a Pasteur pipette for 20 times and allowed

to sediment. After 5 minutes the sedimented tubules were discarded. The

tubules-free upper cell suspension was centrifuged at 4°C for 15 minutes.

This cell pellet resulted was washed twice with PBS and resuspended on 5

ml 5 mM EDTA. 30 ml (2.5xl06 cellsml) cell suspension were prepared in

5 mM EDTA for cell separation.

Cell separation was performed by velocity sedimentation using EDTA

gradient. (For detail see appendix lb). Approximately 28 ml cell

suspension were injected into the bottom of the sedimentation column (7.2
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cm diameter, 12 cm height) using a syringe followed by generation of a

EDTA gradient (10 mM to 30 mM) from the bottom of the column (Fig. 4-

1). The cell band floating on the top of the gradient were allowed to

sediment under unit gravity. After 3 hours, 42 fractions each of 11.5 ml

were collected. The enriched population of different cell types in each

fractions were determined for radioactivity. All EDTA solution was

prepared in PBS.

3. Separate the Structural Components of Spermatozoa

Epididymis from hamsters that had received a testicular injection of 75Se

for 20 days were used. Isolation of mitochondrial vesicles was performed

by procedure adopted from Calvin (Calvin, 1978). Mature sperm were

expressed from the cauda epididymis and treated according to the steps as

outlined in the protocol listed in Fig. 4-2.

4. Analysis of Structural Proteins by SDS-Polyacrylamide Gel

Electrophoresis

SDS-Polyacrylamide gel electrophoresis was performed using Laemmli

discontinuous buffer system (Laemmli, 1970). Slab gel of 150 mm long,

160 mm width and 2 mm thick was used. A 12.5% acrylamide separating

gel (11 cm long) and 3.85% acrylamide stacking gel (30 mm long) were

both prepared in presence of 0.1% SDS. Structural proteins isolated

(pellet-1, pellet-2) and lyophilized supernatant 1 were boiled for 5

minutes in 50 ul sample buffer of 1% SDS, 5% 2-mercaptoethanol, 0.05M

Tris HC1, pH7.5. 5ul 0.05% bromophenol blue and 30 ul of 50% glycerol

was added before application. Electrophoresis was carried out for 100
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Fig. 4-2 Protocol for separation of different

structural components from spermatozoa

Intact spermatozoa

Incubation for 2-3 hours

in 1% SDS, 0.20mM DTT,

50mM Tris HC1, pH 8.5

2 min. sonication

45% power setting

Centrifugation 15,000gxl5min.

Supernatant pellet resuspended

in 0.1%

SDS

Centrifugation
15,000cixl5 min.

Supernatant Pellet—1

Centrifugation

100,000g x 60 min.

Supernatant-1

pellet-2



GossypolStructural selenoproteii

minutes at 120V for stacking gel, then 140 minutes at 150V for separating

gel. After electrophoresis, 1 mm gel slice were cut from separating gel

and assayed for radioactivity in a gamma counter. The stacking gel was

assayed separately as an intact unit.

III. RESULTS

A. Distribution of 75Se in Different Parts of the Male Gonads

The distribution of 75Se in testis, caput epididymis and cauda epididymis

following intratesticular injection of 24 uCi sodium selenite in the testis

is presented in Fig.4-3. The distribution patterns up to 20 days

aresimilar in both the gossypol treated group and the control group. In

both groups, the total level of 75Se decline rapidly during the first 7

days postinjection followed by a gradual decrease in the rate. Two

turnover kinetics appear to have existed. Approximately, the half life of

75Se in the gonad is about 6.8 days as manifested by the decline curve

in the testis. In spite of a slower rate observed in the later part of the

experiment, there is a 25% remain after 20 days.

The migration of the 75Se is also depicted by the 3 sets of curves in

both groups. The selenium content in the caput very rapidly reaches an

equilibrium, and then passes onto the caudal portion of the epididymis,

while that in the testis continues to drop. Apparently, this shift in the

labelled content may suggest that this is a net result of the path of

spermatozoa development by passing from the testis to the epididymis.

The passage more or less stop at the caudal portion where the sperms are

stored for ejaculation. It appears quite obviously that the patterns of

the distribution curves in both groups are very similar and there is not a
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Fig. 4-3. Distribution of 75Se among testis, caput epididymis and cauda

epididymis. 24 uCi of Na275SeOg was injected intra-testicularly at day 0,

the radioactivity of the organ were expressed in CPM x 10~6. Values

shown are the mean value of three repeated determinations. At the scale

used in the figure, the three measurement are essentially

indistinguishable. Total; testis; cauda epididymis;

and caput epididymis. (A), Control animal and (B), gossypol

treated animal.
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quantitative or a qualitative difference between the two sets of

experiments. This may indicate that the amount of labelled protein as

well as the gross morphology of the sperms in both groups are indifferent.

Table 4-1 evaluate the same data but express in ratios to bring out

clearly if there is any difference. The ratio at week 2 (14 days) may be

a little off the scale, but since on further observation, the value returns

to similar index suggesting that the slight off-scale ratio may just be

experimental fluctuation. And there is indeed no macroscopically

observable selenium distribution different between treated and control

hamsters.

B. Incorporation of 75Se among Various Spermatogenic Cell

Types During Spermatogenesis and the Evolution of the

Labelled Species

75Se incorporation in different spermatogenic cell population separated by

sedimentation for cells obtained at 1-20 days after labeling in both

treated and control animal groups is depicted in Fig. 4-4. It appears

that there is no significant difference in the 75Se incorporation pattern

between gossypol treated and control animals monitored 5 intervals after

labeling.

Two dominant radioactivity peaks were observed through out the entire

period of studies (even though the magnitude fade out with time). Peak

at fractions 18-24 was dominant 1 day postinfection, however, peak at

fractions 36-42 became more important 7-9 days postinjection, while a

gradual decrease is observed in the activity recorded at fractions 18-24.

At days 14 and 20 postinjection, only a limited amount of 75Se could be

observed in the peak region observed in early time (fractions 18-24 and
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Fig. 4-4. Radioactivity profiles of spermatogenic cells followed cell

separation by velocity sedimentation. 24 uCi 75Se was injected

intratesticularly at day 0. Panel (A-E) represent the gossypol effect on

the radioactivity profile change with time. Panel (M-Q) represent the

normal radioactivity profile change with time in the control animal

samples. Radioactivity were determined in each fractions and expressed

in CPM per fraction. (A and M), 1 day; (B and N), 7 days; (C and O), 9

days;' (D and P), 14 days; (E and Q), 20 days postinfection of 75Se.
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36-42). A slight difference, however, was noted to exist in the elution

profile in day 1 and day 7 postinjection between the gossypol treated and

the control group samples. The gossypol treated group showed an unusual

peak activity in fractions 4-10 and the relative importance increased from

day 1 to day 7 postinjection. However the peak disappeared or

unidentified thereafter.

C. Profile of Spermatozoa Structural Proteins Studied by

SDS-Polyacrylamide Gel Electrophoresis

Following intratesticular 7Se administration, 13.9% and 11.8% of the

counts were recovered 20 days postinjection in the cauda epididymis of

gossypol treated and control hamsters respectively. The distribution of

75Se among different structural components isolated from cauda epididymal

spermatozoa were summarized in table 4-2. In the control animals most

of the sperm label was associated with pellet-2 (50%) which correspond

to mitochondrial vesicle and dense fibers fragments (Calvin, 1978). On

the contrary, more than 60% of the total sperm 75Se remained in the

supernatant of the gossypol treated animal sperm, whereas its pellet-2

only retained 30% of the sperm selenium. In the table, pellet-1 (which

corresponds to dense fiber and connecting piece fraction) retained 8% and

21% of the total sperm 75Se in the gossypol treated and control animals

respectively.

The SDS-polyacrylamide gel electrophoresis pattern of the structural

proteins is shown in Fig. 4-5. Distribution of injected 75Se in each

fractions is depicted in Fig. 4-6. Only one significant radioactive

component (with different intensity in different preparation) was observed

in all lanes and yet all of which electrophoresis with an identical
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75
Table 4-2 Retention of Se by spermatozoal tail

fractions prepared from intact spermatozoa

Fractior Content a 7Se retained1?

CPM(% total)

Pellet-1 Dense fibers, connecting

(15,000gxl5rnin.) piece

gossypol control

Pellet-2 Mitochondrial vesicle,

(100,000gx60min.) dense fibers fragments

Supernatant-1 Others

(100,000gx60min.)

19624 (8%) 44212 (21%)

72402 (30%) 102838 (50%)

150066 (62%) 59476 (29%)

a. From Calvin, 1978

b. 87 and 90% recovery from the epiidymal spermatozoa

,was obtained in gossypol group and control group

respectively.



Cnssvnnl Structural selenoprotein

1 2 3 4 5 6 7 8

Fig. 4-5. Staining pattern observed following SDS-polyacrylamides gel electrophoresis of

spermatozoa structural proteins. Fractions are obtained from experiment outlined in Fig.

4-2. Approximate 2 mg protein were loaded to lane 1 and 2, 1.5 mg protein to lane 5 and

8, and 1.0 mg protein to lane 4 and 7. Lane Is supernatant-1 frcm control animal; lane 2;

supernatant-1 from gossypol treated animal; lane 3: high molecular weight proteins

standard; lane 4: pellet-2 frcm gossypol treated animal; lane 5; pellet-2 from control

animal; lane 6: low molecular weight proteins standard; lane 7: pellet-1 from gossypol

treated animal; lane 8: pellet-1 from control animal. All bands shown to be associated

with Se radioactivity was marked with.
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Fig. 4-6. Electrophoretic distribution of incorporated 75Se in

polyacrylamide gel shown in Fig. 4-5. Plot indicates recovery of CPM in

successive 1 mm slices of the separating gel up to and including the

tracking dye front. The stacking gel was assayed separately. Recovered

radioactivity: (A) supernatant-1 from control animal, gel from lane 1:

separating gel, 800 CPM; stacking gel and remainder 10 CPM; (B) pellet-2

from control animal, gel from lane 5: separating gel, 3636 CPM; stacking

gel, 30 CPM, remainder 10 CPM; (C) pellet-1 from control animal, gel from

lane 8; separating gel, 1238 CPM; stacking gel, 50 CPM, remainder 10

CPM; (X) supernatant-1 from gossypol treated animal, gel from lane 2:

separating gel, 1050 CPM; stacking gel and remainder 10 CPM;

(Y) pellet-2 from gossypol treated animal, gel from lane 4: separating gel,

1519 CPM; stacking gel, 40 CPM; remainder 10 CPM; (Z) pellet-1 from

gossypol treated animal, gel from lane 7: separating gel, 208 CPM, stacking

gel and remainder 10 CPM. Background count of 170410 CPM were

counted for all the gel slices.
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mobility. This mobility suggested an approximate molecular weight of

17,500 daltons when compared with high molecular weight protein

standard.

This 75Se labelled protein was particularly dominant in lane 4 and lane 5

of the electrophoretogram. By comparison with established data, it

corresponds to the mitochondrial vesicle enriched fraction. The fact that

both samples isolated from gossypol treated and control animals sperm

bears nearly the same density (see also activity measurement recorded in

Fig. 4-6) suggests that there is no difference in its amount in the control

as well as the gossypol treated hamster. Since purification by

centrifugation is reported to be incomplete, slight intensity of the same

protein in bands corresponding to the same MW protein as revealed in

other lanes of the electrophoretogram may just reflect the same fact that

there is not change in the amount of this protein upon gossypol

administration.

IV. Discussion

The rapid removal of testicular 75Se followed by a progressive increase in

75Se level in the caput epididymal region until saturation and in the

cauda epididymal region continuously demonstrated that 75Se is

incorporated mainly into the spermatozoa. The flow of radioactivity is a

result of the spermatozoal development process which carries it down the

gonad track. This can be used as a monitor for the rate of production of

mature, morphologically intact spermatozoa in the experimental hamster.

In this case, the gossypol treatment appears to have exerted no

significant effect neither in spermatogenesis nor in the maturation

process.
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The present result in the timing of 75Se radioactivity shift among the

testis, caput and cauda epididymis is consistent with the previous reports

studied with rats, mice and bulls (Gunn and Gould, 1970; Gunn et al.,

1967; Smith et al., 1979). Both the residual 75Se radioactivity observed

in the testicular region and the close to constant level of selenium in the

caput epididymis may, however, suggested the presence of another 75Se

trapping mechanism in the testis that can get hold of the selenium

element or its compound by a rapid process but releases it with a slower

rate gradually, so as a small pool of selenium is maintained in the testis.

This gradual but steady supply of selenium can account for the residual

level of selenium in the testis 20 days postinjection of 75Se and the close

to saturation level of-selenium incorporation in the epididymal caput

region. Experimented with rats, Wallace did also observe an appreciable

level of radioactivity remained in the caput sperm as late as 35 days

postinjection. This led Wallace group to suggested that 75Se was initially

bound to other testicular proteins rather than immediate synthesis of

75Se-labelled sperm selenoprotein (Wallace et al., 1987). Our result is

consistent with the reported one.

The 75Se retention mechanism in the testis other than the incorporation

of selenium in the selenoprotein within the testicular spermatozoa is

unknown. It appears that 75Se in the testis is incorporated into a

proteinous moiety other than the spermatozoa proteins that makes it less

available to be incorporated into the sperm at the first injection moment.

Indeed, selenium was shown to be associated with at least four proteins

in rat testis cytosol, one of which possessed Se-GSH-Px activity

(Prohaska et al., 1977). Similar observations have also been reported.

Pond et al. also demonstrated four 7Se labelled proteins in ram testis



GossypolStructural selenoprotein

cytosol and five 75Se labelled proteins in bull testis cytosol (Pond et al.,

1983).

Although there is no significant change in the 75Se incorporation pattern

after gossypol treatment (Fig. 4-3), a slightly higher 75Se retention can

still be observed in the testis and the cauda epididymis 14 days

postinjection in these treated hamsters. This effect seems to manifest a

slight increase of 75Se level in the caput epididymis 9 days postinjection.

Whether these slight increase in 75Se level is a significant gossypol

action may require further investigation. But more precise mechanistic

work should relay on studies at the cellular and molecular levels.

Cell separation by velocity sedimenation enables germ cells at different

stages of development to be separated clearly for individual investigation.

When cells collected from testis injected with 75Se are separated with this

method, the distribution of radioactivity will provide an indication when

and at what stage is selenium being incorporated. Results from cell

separation indicates that cells that appeared in fractions 18-24 and

fractions 36-42 corresponding to the spermatids and spermatozoa

originated from the rapidly differentiated cells in the testis (see appendix

lb) are the ones being incorporated first. Since the major peak of

radioactivity that showed up in the fraction 18-24 corresponds to

spermatids and that spermatids are cells in which a cellular

transformation will taken place to give rise to the formation of tail in

spermatozoa, it is quite likely that the incorporated selenium is employed

for tail or related component generation. This is consistent with reported

literature done with rats (Wallace et al., 1987).
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The appearance of two incorporation peaks 1 day after selenium

administration suggests either at two different stages in the spermatogenic

process is taken up selenium or that the uptaken moiety has been

physically separated due to sedimentation steps so as two separate

fractions are recorded. As a limited pulse of selenium is used in all

these studies, the amount of radioactivity distributed at various fraction

at different periods after experiment will suggest the interrelationship of

the cell fraction in the sequence of spermatogenesis. By comparing the

distribution profile of day 7 and day 9 with that of the original day 1, it

is obvious that the outcome of the cell separated at fraction 18-24

(spermatid) will develop later to give rise to that in fraction 36-42 (early

spermatozoa). So, when this information is taken apiece with that

obtained for day 1, it is quite likely that selenium is primarily taken up

in the spermatid stage and that a considerable amount of this labelled

cell population have been mechanically or naturally developed within 24

hours to appear in the fraction 36-42. This explains why on standing (to

9 days), this peak grows larger at the expense of the major peak. The

decrease of radioactivity for all fractions is interpreted to mean a

passage of spermatozoa from testis to epididymis.

The general profile of the selenium incorporation in spermatogenic cells

are exceedingly alike between the control and the gossypol treated

hamsters except for one minor uptake at the early cell fractions (4-10)

and a shoulder in the primary peak, which correspond to spermatocytes in

the preparation for meiosis, i.e. deplotene and late pachytene, and cells of

large size respectively. This presence, however are unidentified in later

developmental stages. It is possible that the presence of gossypol delays

the dissociation of immature spermatozoa from their anchorage matrix so
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that a large cell size is observed (the shoulder). This can be a cell

component orientation problem. And yet, once the spermatozoa split from

the matrix, its gross morphology are indistinguishable from the normal.

This does not mean that the abnormality is not there. In order to study

it, most likely, a more precise detection procedure has to be used. Why

gossypol creates a selenium incorporation in the primary spermatocytes is

unknqyn.

At day 14, only a residual amount of 75Se label are observed in all germ

cell fractions, while a homogenate of testis still retain a reasonably high

radioactivity (data not shown), this suggests that a fraction of the 75Se

label in the testis is not associated with the spermatogenic cells.
»•

Therefore the possibility of 75Se incorporated into other proteins in the

testis remains.

Previous studies done in our group with different label for control and

gossypol treated spermatogenic cells followed by co-sedimentation using

the same technique gave results showing gossypol cause a shift in the

spermatogonia preleptotene peak 1 day postinjection of 14C-labelled

thymidine, a shift in pachytenes diplotenes peaks 9 days postinjection

and a retention of pachytenes diplotoes peak 12 days postinjection (see

appendix la). It seems that in all these results, gossypol gave rise to an

effect that slightly altered the morphology of the developing cells that

change the rate of the spermatogenic traffic but after all, the

spermatogenic process still come to its destination.

In the subcellular fractionation of the mature spermatozoa collected from

cauda epididymis 20 days postinjection of radioactive selenium, gossypol

reduce the 75Se amount in the mitochondria vesicle fractions (table 4-2).
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In spite of this change, the only selenoprotein that identify by SDS-

polyacrylamide gel electrophoresis is shown to be identical to that of the

control. Both proteins have the same mobility corresponding to a MW of

17,500 daltons. The result is consistent with the reported ones on rats

and bulls (Calvin et al., 1981; Pallini and Baci, 1979). Calvin et al.

identified a single selenoprotein of MW 17,000 on rat spermatozoa

mitochondria and Pallini and Bacci identified a single selenoprotein with

MW of about 20,000 dalton in bull spermatozoa mitochondria. This protein

was suggested to be a structural protein in the mitochondria of all

mammalian spermatozoa. Our result with hamster spermatozoa adds a

datum to the universality of this selenoprotein in mammals.

While an appreciable amount of radioactivity also appear in the other

fraction disregard gossypol treatment or not, all of them possess the same

MW. This is likely a contamination by the same protein that can hardly

be prevented on account of the limit of the separation process.

Nevertheless, a loss of radioactivity in the pellet fraction accompanied by

an increase in that appeared in the supernatant suggests most likely that

there is a problem in the compartmentation of the selenoprotein in the

gossypol treated animal as shown in the data, this selenoprotein cannot

retain its stability with the pellet fraction. This is a protein orientation

problem. And its recovery in the soluble matrix fraction also confirms

this.

The three sets of data taken together may very well describe a picture to

show that gossypol does not exert any effect on the amount of

selenoprotein biosynthesis in spermatogenesis, but only destroys the

normal assembly of the selenoprotein into the cell proper to give a

functional intact spermatozoa. The mechanism of the gossypol induced
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damage which eventually leads to a destruction in the cell assembly is

very likely the inhibition of Se-GSH-Px that has been reported earlier.

In summary, the results presented in this chapter can be used nicely to

reinforce the missing information that follow after Se-GSH-Px inhibition,

or more directly the result of midpiece membranous damage.
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CHAPTER 5 EFFECT OF GOSSYPOL ON SELENOPROTEINS PROFILE

FROM HAMSTER TESTIS CYTOSOL

I. Introduction

Of the two established testicular functions that involve selenium, the

incorporation of the element in a structural protein in spermatozoal tail

was shown to be not affected by the gossypol treatment in previous

chapter. On the other hand, it is found that the H202 detoxicating

enzyme, Se-GSH-Px, is seriously inhibited by gossypol in the in vivo

study. It is actually by far the most affected enzymes reported in the in

vivo system. However, how can gossypol affect Se-GSH-Px activity is yet

to be found. At present, our understanding of the selenoproteins, besides

Se-GSH-Px, in the male gonads are by far away from complete. There are

several selenoproteins in the mammalian testicular cytosol. It has been

suggested that they may be the precursors of Se-GSH-Px, the sperm tail

mitochondrial capsule selenoproteins or even selenoproteins that carry

independent function yet to be identified. In short, our knowledge of

these seleno-moieties is very limited. Although these proteins functions

and origin have not been elucidated, they are believed to be important in

the metabolic fate of selenium in the male gonads and hence, the male

fertility.

In this chapter, the effect of gossypol on hamster testis cytosol

selenoproteins is being studied.
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A. Selenoprotein in the Mammalian Tissues

Several selenium containing proteins other than the well studied Se-GSH-

Px were found in many mammalian tissues. They may be essential, but

their role in the tissue have not yet been identified. In normal

semitendinous muscles and hearts of lambs, a 10,000 dalton molecular

weight selenoprotein has been isolated(Pederson et al., 1972). Under

selenfrim deficiency condition, this selenoprotein was undetected. Because

it is related to the physiological state of the muscle, it has been

postulated to be responsible for various nutritional muscular dystrophy

that found in selenium deficiency.

Another selenoprotein, .called 75Se-P, was isolated from rat liver (Burk

and Gregory, 1982). It had an apparent molecular weight of 83,000 when

determined by gel filtration. Unlike Se-GSH-Px, which decreases in 75Se

incorporation in rat under selenium deficiency, the 75Se-P has a higher

level of 75 Se incorporation during the process. A similar proteins with

apparent molecular weight of 79,000 was also identified in the plasma.

So, it seems that 75Se-P is a unique selenoprotein, different from the Se-

GSH-Px, that can account for some of the physiological effects of

selenium.

B. Selenoproteins in Testis Cytosol

In studies on interactions between cadmium, selenium and glutathione

peroxidase in rat testis, Prohaska et al demonstrated selenium was

associated with at least four proteins of protein isolated from the rat

testis cytosol by gel filtration with Sephadex G-150 (Prohaska et al.,

1977). One of these was eluted with the void volume (VeVo= 1.0). The
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others had MW of 140,000, 16,000, arid a smaller one as calibrated against

standards. The one eluted with a void volume (VeVo 1.0) was showed to

posses Se-GSH-Px activity.

Nevertheless, the nature of many of these selenoproteins is unknown.

Even the reported MW of these proteins are still confusing as ultragel

ACA-22 chromatography of rat testis cytosol prepared four hours after
,A.

76Se treatment revealed a major selenoprotein having an apparent

molecular weight of 59,000. While selenium dodecyl sulfate polyacrylamide

gel electrophoresis indicated extensive heterogeneity of the radioactivity

with apparent molecular weight of about 57,000; 45,000 and 15,000. There

was an increase in th§ relative importance of the low molecular weight

selenoprotein as time passes was demonstrated by McConnell et al.

(McConnell et al.% 1979).

In the study of the incorporation of 75Se into semen and reproductive

tissues in bull and rams, four (VeVo of 1.1, 1.5, 2.3, 2.9) 75Se peaks

from ram testis cytosol was resolved by gel filtration (Pond et al., 1983).

The glutathione peroxidase activity was detected in peak at a veVo

value of 1.5, however, the radioactivity of this peak was reduced when

the ram was fed with selenium-deficiency diet. But the diet effect was

less severe in selenoprotein with higher molecular weight (VeVo 1.1).

Simultaneously, a gel filtration study of the bull testis cytosol resulted in

5 peaks (VeVo ratios of 1.1, 1.5, 1.9, 2.4, 2.8) instead, of which the one

with a VeVo ratio of 1.5 was shown to exhibit Se-GSH-Px activity. From

this record, it seems that there is a difference in the number of

selenoproteins in the testis cytosol between two mammalian species.

There is yet no attempt given to explain why such a diversity. No work
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of similar type has been done on male hamster and the present work is

undertaken to elucidate the testicular selenoproteins profile of this

species and to find the effect of gossypol on it.

II. Materials and methods

A. Materials

All the reagents used were of analytical grade. The following reagents

were purchased from Sigma Chemical Co. (U.S.A.): Sephadex G-150; EDTA

(tetrasodium salt); sodium azide; sucrose; glutathione reduced form; beta-

NADPH (tetrasodium salt); beta-NADH; alpha-ketovaleric acid; glutathione

•»

reductase from Bakers yeast and hydrogen peroxide. Sodium hydroxide

and dipotassium hydrogen phosphate were purchased from Merck Chemical

Co. (West Germany). Potassium dihydrogen orthophosphate were

purchased from BDH Chemical Ltd. (U.K.). 75Se in form of sodium

selenite, Na275SeOo (specific activity 4 mcimg) was purchased from

Amersham International pic. (U.K.).

B. Methods

1. Incorporation of Selenium in the Testicular Components

Mature male Chinese Golden Hamsters of 170-200 g body weight were used

for the study. For gossypol treatment, hamsters were fed with gossypol

orally at a dose of 10 mgKg per day for 6 days per week and for a

period of more than 11 weeks so that the animals were infertile. In order

to load these hamsters with '°Se, lOOul of sodium selenite salt solution

containing 24 uci 75Se (6 ug selenium) was injected intratesticularly into
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one of the hamster testis. The animals were then sacrificed at various

period after loading and their testis were removed for selenium

incorporation studies. In all the gossypol treated animals, a careful

checking of the appearance of the testes and its contents by visually

comparing the color of it with that of the controls, and observing the

viability of the sperms under microscope was done to insure that the

anirrials were infertile but not overdosed.

2. Collection of Cytosol Fluid

Testes was decapsulated and the blood capillaries were carefully removed.

The clean tissue was homogenized in 5 volumes of 10% sucrose, 0.1 M

potassium phosphate buffer, pH 6.3, with a Potter-Elvehjem homogenizer

followed by centrifugation at 160,000 g for 90 minutes at 4°C. The

supernatant was carefully collected for gel filtration.

3. Stability Study of selenoproteins

Besides applied immediately to the sephadex-Gl 50 column, cytosol

collected after centrifugation was stored in refrigerator at 4+l°C for 24+2

hours without additional manipulation. Before the sample loading onto the

sephadex column, a sufficient stirring by vortex was employed to ensure

that the content to be fractionated was homogenous.
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4. Separation of Selenoproteins in the Cytosol

2.6 ml of the cytosol preparation was applied onto a sephadex G-150

column (1.4 x 72 cm). The column was pre-equilibrated with 0.1 M

potassium phosphate buffer (pH 6.3) containing 0.03% EDTA and 0.01%

NaNs and run at 4°C. A flow rate of 10 mlhr. was maintained with a

peristatic pump. The column were standardized with blue dextran (MW

2,00(000). catalase (MW 240,000), human hemoglobin (64,450), trypsin

inhibitor (21,500) and cytochrome C (12,400). Effluent fraction were

monitored at 280 nm. 75Se radioactivity were determined in a gamma

counter for each 3 ml fractions.

5. Determination of Se-GSH-Px Enzyme Activity

Gluathione peroxidase activity was determined by a procedure adapted

from Paglia and Valentine and modified by Smith (Paglia and Valentine,

1967; Smith et al., 1979). Se-GSH-Px will be coupled to NADPH via

gluathione reductase. The rate of NADPH oxidation was measured

spectrophometrically at 340 nm. The reaction mixture consists of 2 mM

reduced glutathione (GSH); 0.1 mM NADPH; 100 mM potassium phosphate

buffer, pH 7.0; 3 mM EDTA; 1 mM sodium azide and 1 unit glutathione

reductase. After incubate the reaction mixture with the sample for 2

minutes, H202 was added to final concentration of 0.12 mM to initiate the

reaction. All reactions were carried out at 30°C.
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III. Results

Three major 75Se labelled peaks (VeVo ratios of 1.4, 2.6, 2.9) are

observed in all elution profiles (Fig. 5-1). The apparent molecular weight

of these proteins were estimated to be 180,000 (VeVo 1.4), 10,000 (VeVo

2.6) and 4,000 (VeVo 2.9) with respect to the protein standards elution

profile. An additional minor shoulder (VeVo ratio of 2.0; MW 47,000) was

notetfc This shoulder is likely to be a separate protein entity that

overlaps with the major one that has the highest molecular weight.

Essentially, the 75Se incorporated proteins remain constant throughout the

observation period except that the smallest one and the shoulder near the

biggest protein exhibit a gradual reduction in pool size. This may be

interpreted to mean that while one proteins (with MW about 180,000 and

VeVo of 1.4) is relatively stable, the others (one in the shoulder and the

others two being that with smaller molecular weights) have comparatively

shorter turnover rate. It is shown by enzyme assay that only the

selenoprotein with, molecular weight of 180,000 exhibited specific activity

towards the Se-GSH-Px substrate while randomly chosen samples from

other selenoprotein did not give any positive activity.

While the testis cytosol from 14 day 75Se loaded hamsters collected after

centrifugation was allowed to stand for 24 hours at 4°C before being

applied to the Sephedex G-150 column, a new radioactivity portion

appeared in fractions that was associated with the void volume proteins

(Fig. 5-2). Hence 5 selenium-75 labelled peaks were observed instead of

four. It is obvious that this radioactivity that emerged at a high MW

protein fraction must be a redistribution of the radioactivity from 75Se in

the other 4 peaks. Attempts have been given to trace whether this

appearance of radioactivity is related to a disappearance of radioactivity
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Fig. 5-1 Sephadex G-150 chromatography of hamster testis cytosol.

Preparation of testis cytosol were obtained from hamsters at (A), 7; (B), 9;

(C), 14; (D), 20 days postinjection of 24 uCi 75Se. The cytosol once

obtained after centrifugation was fractionated immediately. The sephadex

G-150 column (1.4 x 72 cm) was equilibrated with 0.1 M potassium

phosphate buffer (pH 6.3) containing 0.03% EDTA and 0.01% NaNg and

run at 4°C before use. Approximate 40 mg proteins were applied for each

run. The recovery of protein in all cases were close to 100%.
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Fig. 5-2. Emergence of a high MW selenoprotein on storage. Samples of

hamster testis cytosol were obtained 14 day (panel B and b) and 20 days

(panel C and c) postinjection of 24 uCi 75Se. The cytosol was used

immediately or allowed to stored for 24 hours at 4°C before being applied

to the column. Approximately 40 mg proteins were applied for each run.

The running condition was the same as fig. 1. Panel B and C reveals the

separation done immediately upon collection (without standing) while panel

b and c shows the profile of the same sample upon 24 hours standing.
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somewhere but no clear cut conclusion can be drawn. This change in the

radioactivity distribution profile after storing was observed in both the

day 14 and the day 20 animals. The extent of changes in both was

similar.

After gossypol treatment, essentially the same pattern was observed (Fig.

5-3). The corresponding 4 molecular species were also noted (VeVo

ratios of 1.4, 2.0, 2.6, 2.9) and this points to the fact that all the 4

selenoproteins species were retained in the gossypol treated animal.

Again, as depicted in Fig. 5-4, on standing, a new selenoprotein peak

emerged along the void volume of the fractionation. This change is

identical to that of the control ones both qualitatively and quantitatively

(Table 5-1).

Since there is a definite shift in the 75Se abundance in the elution

profile, reflecting the turnover rate of the 4 selenoproteins, it is thought

that a comparison of the rate of such a change in the control with the

gossypol treated one may be an addition tool to look at the gossypol

effect on these selenoproteins. Table 5-2 to 5-3 expressed such a

comparison by different mathematical treatments. From these calculations

it seems selenoprotein I, that is the Se-GSH-Px protein, is the most

stable one while the smaller selenoprotein have turnover rate faster. By

estimation, their half lifes are about 10 days or even less (from day 9 to

Day 20, and yet selenoprotein I is also degrading though to a lesser

extent). Even though, there is a reverse in the amount of selenoprotein

III in treated hamster. This value may not be real and the trends of

selenoprotein II and III degradation after all are very similar in both

animal types, indicating that there is no outstanding gossypol effect on

these protein shift profile.
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Fig. 5-3. Sephadex G-150 chromatography of gossypol treated hamster

testis cytosol. (X, Y, Z) Hamsters were force fed with gossypol for 11-17

weeks with dosage of .10 mgKgday (6 days per week). (B, C, D) The

radioactivity profile of control group samples were taken from fig. 5-1 for

comparison. In both control and gossypol treated animal samples, 2.6 ml

cytosol was applied to the columns (1.4 x 75 cm) immediately after

centrifugation (160,000 x 90 min.) of the testis homogenate. The running

condition was the same as fig. 1. Approximate 40 mg proteins were

applied for each run. Testis cytosol were obtained from hamsters at (B

X), 7 days; (C Y) 14 days; and (D Z) 20 days postinfection of 24 uCi

75Se.
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Fig. 5-4. Sephadex G-150 chromatography of gossypol treated hamster

testis cytosol. Testis cytosol were obtained 14 days postinfection of 24

uCi 75Se. The testis cytosol was stored for 24 hours at 4°C before

applied to the column (1.4 x 72 cm). Approximately 40 mg proteins was

applied. Panel b is taken from fig. 5-2. for comparison, it is a sample

taken 14 days after 75Se incorporation in the control hamster.
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Table 5-1 Sp c i fifri bn-f-i on nrnf i 1 p on .qfnrap

AhnnHnno (PPM nH Shnnrlnpo Rf i r

Control anima
. d P-r« nt rrv- 1 4- v-v 4— rr» n rml

Selenoprotein
nnmhpr

T TT II] In T

no troatmont

on standing

retention ratio NAC

1068

n 5688

A6Q

0.83

1315

105C

n qi

3090

2790

0.9C

•• 0

1109

NTA n qc n qi

oic-

n cv

a. Selenoprotein N is the newly emerged peak on standing. Equal amount of protein

are loaded for each sample;.

b. Retention ratio is calculated by dividing the total score on standing over the

original value;

c. For the new peak, this is not appropiate (NA);

d. Similiar results are obtained for cytosol taken from 14 and 20 days after Se

incorporation. The data is taken from Fig. 5-2 and Fig. 5-4 for 14 days of
Se incorporation.
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Table 5-2
75

The abundance of Se in protein fractions collected at various

time intervals after Se injection

Abundance

fr.PNn

dontrol animal qossvdoI treated animal

Selenoprotein

number

I
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II III I II III

dav 7

day 9

day 14

day 2 0

4454

5431

5638

4382

1462

1641

1315
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5976

5246

3000

1681

5246

5954

5034

1 400

1 0Q3

895

5204

2457

3080

b

a. For comparsion, the radioactivity were assigned to the 3 distinct protein

fractions. Since, the assignment of radioactivity is very arbitary, the

values of protein fractions named 1,11, III, in decreasing MW order, were

taken by adding the radioactivity of several fractions together to give

the total radioactivity. These assignment are: peak I (fraction 15-19),

peak II (fraction 28-31), and peak III (fraction 34-37). The selenoprtein

that was eluted close to the major peak I (with VeVo of 2.0), is the

minor shoulder. It is not taken into consideration since technically it

is hard to evaluate its exact abundance.

b. means not done All the values are CPM..
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Table 5-.
75

The abundance ratio of Se in protein fractiors collected at
various intervals after inip.ct-inn

Ahnnrla nno raf i o

Selenoprotein
number
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day 7

day 9
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1.39
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0. 37

0.40
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1.00

0.56

The abundance ratio was calculated by normaliz, ng against the more stable,

less turnover protein moiety, in this case protein I. Day 9 is chosen as a

reference point since both type of animals have tested at day 9 but not day

7. The abundance ratio is calculated by the following equation:
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IV. DISCUSSION

Selenoproteins other than Se-GSH-Px were identified in the male gonads

for different species by different groups of investigators (Prohaska et al.,

1977; McConnell et al., 1979; Pond et al., 1983). It appears that there is

a variation in the number of selenoproteins in the male gonads for

different species. Bull testis cytosol was shown to have 5 selenoproteins,

whereas only 4 were observed in ram and rat (Pond et al., 1983; Prohaska

et al., 1977).

In this experiment, gel filtration of hamster testis cytosol resulted in 3

dominant peaks (VeVo ratios of 1.4, 2.6, 2.9) and a minor shoulder (VeVo

ratio of 2.0). It seems that male hamster has a smaller number of

selenoproteins in the gonads as compared to the other species (Table 5-

4). However, when the testis cytosol was allowed to stand for 24 hours

at 4°C before applied to the column, one more radioactive peak was

observed in fractions that marked as void volume, i.e. VeVo ratio of 1.0.

It is possible that the 75Se labelled peak with VeVo of 1.0 to 1.1 that

has been reported for rat, bull and ram is due to the standing of the

sample before running the chromatography.

The origin of this high MW selenoprotein is unknown. It can be a

conjugated product of any of the light MW selenoproteins with another

protein or even a polymerization of the selenoproteins. Since the

selenoprotein is a small fractions of the total proteins, there is not likely

any further information obtained by comparing the minor shift in the two

curves (selenoprotein and total protein). The same phenomenon was also

detected from the protein samples isolated from hamster testis cytosol at

day 20 after 75Se injection. Whether this newly emerged protein possessing
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Table 5-4 Elution ratio of testis cytosol selenoproteins

fractionated by gel filration a

Animal Species

rat'3

1.0d

1.21

2.36

3

bul 1C

1.1

1.5d

1.9

2.4

2.8

c
ram

1.1

1.5d

2.3

2.9

hamster

2.6

2.9

a. All the data was obtained by gel filration chromato¬

graphy with sephadex G-150.

b. from Prohaska et al., 1977

c. from Pond et al., 1977

d. Se-GSH-Px activity can be detected.

e. a minor shoulder at VeVo ratio of 2.0



Gossypolother selenoproteins

Se-GSH-Px activity was not tested. This will be left for further

investigations.

If the VeVo= 1.1 selenoprotein is an artifact in all observations

reported in the literature, and that the shoulder peak of the hamster that

carries a VeVo ratio of 2.0 is comparable to that 1.9 peak in the bull

testis cytosol, then, the number of selenoproteins in the hamster is close

to that of the bull but different from its relative rat. However, for

values that can be used for careful scrutination, a more detail study with

the same separation techniques should be used. As shown in this study,

that an emergence of a new selenoprotein on standing take place, there is

a necessity to have the separation work done under more controllable

conditions.

In this study, a faster turnover rate is recorded for the selenoprotein

that has a smaller MW. It is not known why they are less stable

comparable to the Se-GSH-Px one. It has been suggested by Pond et al

that the decrease of this labelled moiety is a loss of the radioactivity by

transferring its 75Se to other proteinous moieties. This is an exchange of

bound 75Se. Pond et al speculated that there is a greater binding

stability of selenium to Se-GSH-Px peak (heavier protein) rather than to

the other lighter proteins (Pond et al, 1983). Our results are consistent

to such finding but provides no clue to support for a binding mechanism.

Though the radioactivity level is low for peak with VeVo of 2.6, the

persistant existence of this small peak (intermediate turnover rate) may

reflect the importance of this protein in selenium metabolism in the

gonad.
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In studies on the effect of gossypol on the selenoprotein profile in

hamster testis cytosol, the results suggest that gossypol does not affect

the selenium metabolism in the male gonads. Firstly, all the 75Se labelled

peaks observed in the control group is retained after gossypol treatment

and the selenoprotein metabolic rate of each are similar between the

control and the gossypol treated animals. Secondly, the unusual

appearance of the high MW selenoprotein on storing at 4°G does take

place in both control and treated samples provides an additional support

to the absence of gossypol effects on these molecules. Therefore,

considering the above two arguments, selenoproteins in the male hamster

gonads are probably insensitive to gossypol treatment.

This brings us back to how gossypol affects Se-GSH-Px selenoprotein in

mammalian gonad. Judging from the peak size of the fractions collected

at VeVo of 1.4 and the amount of radioactivity scored in this peak, it

suggests that the amount of the Se-GSH-Px produced is also not affected

by gossypol. But. yet in chapter 2, the Se-GSH-Px activity is basically

eliminated by chronic effect of gossypol. There may still be possibility

that gossypol affects the enzyme conformation by post-translational

modification. The following phase in understanding gossypol effect should

hence be directed towards the study of molecular inhibitive modification.



Conclusions General Discussion

CHAPTER 6 CONCLUSIONS AND GENERAL DISCUSSION

Gossypol, a yellowish polyphenolic compound isolated from cptton seeds,

has long been shown to be a potential male antifertility agent. Though it

has been studied extensively and intensively for over ten years, its

antifertility mechanism remains unknown. As the symptom of gossypol

antifertility action resembles closely to that of a deficiency in selenium

intake, both exhibiting a characteristic defect on the sperm midpiece that

results in infertility, the gossypol effect of a selenium specific enzyme

glutathione peroxidase, Se-GSH-Px, as well as that on selenium

metabolism as a whole were carefully studied. This is a new approach

and a new attempt taken to understanding gossypol antifertility action.

In the course of this study, we have found that Se-GSH-Px, an enzyme

that protects the cells from various oxidative damages, was highly

inhibited by gossypol in the in vivo study. There was also a

concentration dependent inhibition of the Se-GSH-Px activity in the in

vitro experiments. The in vivo inhibition was far much higher than that

of LDH-X, the enzyme that has previously suspected to be the target

enzyme of gossypol antifertility action (Lee and Mailing, 1981; Stephens et

ah, 1983).

It has been reported that in the seminal plasma and testes of various

mammalian species, hydrogen peroxide, produced by spermine oxdiase, as

well as other oxygen free radicals are highly toxic to the newly formed

spermatozoa (Mann, 1964). Some results have claimed that the peroxides,

produced from lipid peroxidation of the unsaturated fatty acids of the

sperm phospholipids are strongly spermicidal (Jones et al., 1979). The
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fact that reduced glutathione prevent immobilization of spermatozoa by

spermine oxidase while catalase, the other free radical detoxicating

enzyme is absent in the semen, suggests that a specific role is played by

Se-GSH-Px in the removal of hydrogen peroxide from the male

reproductive system (Tabor and Rosenthal, 1956; Mann, 1964). If gossypol

inhibits Se-GSH-Px, the spermatozoal membrane will be exposed to

oxidative damages. This then will create a serious defect in

spermatogenesis leading to infertility. The recent finding that gossypol

can stimulate and promote the production of superoxide free radicals has

reinforced this speculation.

Since Se-GSH-Px is a selenoprotein, the reduction of glutathione

peroxidase activity may have stemmed from a gossypol inhibition of

selenium metabolism as a whole. In order to elucidate such selenium

metabolism in the animal, selenium content of different tissues, including

the spermatogenic cells from the testis and spermatozoa from the

epididymis of hamsters was studied. It was found that none of the tissue

selenium content was affected by an antifertility dose of gossypol (10

mgKgday for 6 days a week and for period of 6 weeks). Even careful

studies with spermatogenic cells and spermatozoa, showed no effect on

gossypol treatment for up to 60 days. Since retention of selenium in the

male gonads has been demonstrated to be especially high, this selenium

study at the macroscopic tissue level indicates that no obvious selenium

defect is generated by gossypol.

To study the selenium metabolism at a molecular level, methods that

combine the use of cell separation and tracer techniques were employed.

75Se was found to be incorporated into hamster spermatozoa, and the

incorporation was demonstrated to have occurred during the spermatid
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stage. Further development of the 75Se labelled germ cells was

accompanied with a passage of the sperms through the caput epididymis to

the cauda epididymis. Our study with SDS-polyacry.lamide gel

electrophoresis of proteins isolated from the mature spermatozoa collected

from the cauda epididymis revealed a single 75Se labelled protein with

apparent molecular weight of 17,500 dalton, similar to the reported data

done on rats and bulls (Calvin et al., 1981a; Pallini and Bacci, 1979).

From the amount of radioactivity incorporated, it appears that this

selenoprotein is an essential component in the spermatozoal structure.

However, it is insenitive to gossypol treatment as shown by the lack of

change in the rate of biosynthesis of this structural selenoprotein in the

course of gossypol administration. In spite of the fact that there is no

significant difference in the timing of radioactive labelled spermatozoal

passage from the testis to the cauda epididymis, the midpiece of the

treated spermatozoa showed an alternation in its selenoprotein assembly.

The-selenoprotein obtained from treated animal mature spermatozoa cannot

retain its stability within the mitochondrial vesicles, as depicted by a

shift of radioactivity from the pellet to the supernatant in the

mitochondrial fractionation by centrifugation. The instability observed

might have stemmed from an impairment of the mitochondria capsule

membrane by various oxygen radicals, which was produced under

unprotected condition when Se-GSH-Px was being inhibited by gossypol.

An intratesticular injection of 75Se to male hamster followed by sephadex

G-150 chromatography of the testis cytosol of the animal resolved into

three major 75Se labelled peaks (VeVo ratios of 1.4, 2.6, 2.9) with an

additional minor shoulder (VeVo ratio of 2.0). One of these 75Se labelled
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proteins (with VeVo ratio of 1.4), was shown to have Se-GSH-Px activity.

However, gossypol was demonstrated to have an effect neither on the

formation nor the turnover of all these selenoproteins.

Summing up all the results, gossypol inhibits Se-GSH-Px activity both in

vitro and in vivo, but the selenium metabolism is not affected. Since the

production of Se-GSH-Px has been demonstrated to be unaffected by

gossypol as reveal by the amount of selenoproducts formed in the enzyme

fractions, the most possible explanation is that gossypol affects the

enzyme activity by some posttranslational modification processes which

lead to a reduction of the enzyme activity. Apparently, the future study

should be directed towards a study of the effect on the Se-GSH-Px

molecule.



References

REFERENCES

Abou-Donia, N.B., 1976, Physiological effects and metabolism of gossypol. Residue Rev. 61:125-160,

Adams, R., and Geissmon, T.A., 1960, Gossypol, a pigment of cottonseed, Chera. Rev, 60:555-574.

Adeyemo, 0,, Chang, Y.C., Segal, S.J,, Koide, S.S., 1982. Gossypol action on the production and

utilization of ATP in sea urchin spermatozoa. Arch. Androl. 9:343-349.

Admasu, A., and Chandravanshi, U.S., 1984. Spectrophotometric determination of total gossypol in

cottonseeds and cottonseed meals, Anal, Chem, 56:30-32, Se'5

Aebi, H., Heininger, J,P., and Lauber, E., 1954, Methamoglobinbildung in erythrocyten durch

peroxideinwirkung versuche zur beurteilung der schutzfunktion von katalase und glutathion

peroxidase. Helv, Chim, Acta. 47:1428-1440,

Aitken, R.J., Liu, J,, Best, F.S.H., and Richardson, P.H., 1983, Analysis of the direct effect of

gossypol on human spermatozoa, Int. J. Androl. 6:157-167,

Alexander, N.J., 1986. Sites' for disruption of male fertility. In: Hale contraception:

Advances and Furture prospects, (Zatuchni, G.I., Goldsmith, A,, Spieler, J.H., Sciarra, J.J.

eds.) pp. 74-80, Harper and Row, Philadelphia,

Andrews, E.D., Hartley, H.J., and Grant, A.B., 1968, Selenium-responsive disease of animals in New

Zealand. New Z, Vet. J, 16:3-17.

Arneson, R.H., 1970. Substrate-induced chemiluminescence of xanthin oxidase and aldehydoxidase.

Arch. Biochem. Bioqbys. 136:332-360,

Aver'yanov, A.A,, Nerzlyak, H.N., Rubin, B.A., 1978. Chemiluminescence during the oxidation of

gossypol by peroxidase Biokhimiya (Moscow) 43(91:1594-1601. Chem, Abstr. 89:211Q79h.

Awasthi, Y.C., Beutler, E., and Srivastava, S.K., 1975, Purifaction and properties of human

erythrocyte glutathione peroxidase. J, Biol. Chem. 250:5144-5149,

Awasthi, Y.C., Dao, D.D., Lai, A.K., and Srivastava, S.K., 1979. Purification and properties of

glutathione peroxidase from human placenta. Biochem. J, 177:471-476.

Baram, N.I., Ismailov, A,I., Kamaev, F.G., Leont'ev, V.B., 1976. M spectroscopic study of

different samples of gossypol. Khim, Prir, Soedin. 2:249-252.

Bayfield, R.F., and Romalis, L.F., 1985. pH control in the fluorometric assay for selenium with 2,3-

diaminonaphthalene. Anal. Biochem, 144:569-576.

Beacdoin, A.R., 1988. A developmental toxicity evaluation of gossypol. Contraception. 37(21:197-

219,

Behne, D,, and Hofer-Bosse,T., 1984. Effects of a low selenium status on the distribution and

retention of selenium in the rot. J, Nutr. 114:1289-1296.



References

Behne, D., and Wolters, H,, 1933. Distribution of selenium and glutathione peroxidase in the rat,

J, Mr, 113:456-461.

Behne, D,, Duk, N., and Elger, H.f 1986. Selenium content and glutathione peroxidase activity in the

testis of the maturing rat, J, Nutr. 116:1112-1117,

Behne, D., Hofer, T., von Berswordt-Hallrabe, R., and Elger, H., 1982. Selenium in the testis of the

rat: studies on its regulation and its importance for the organism. J. Nutr. 112:1682-168.

Berenshtein, T.P., 1972. Effect of selenium and vitamin E on antibody formation in rabbits

Zdrawookhr Boloruss. 18:34-41.

Bi, X.F., Zheng, Y.J,, Yang, H.F., Zhang, ZY., 1980, Effect of gossypol on renal Na-K-ATPase

activity. Sci. Sinica 9:914-919.

Blanco, A,, and Zinkham, H.H., 1963. Lactate dehydrogenase in human testes. Science 139:601-602,

Boveris, A,, and Chance, B., 1973. The mitochondrial generation of hydrogen peroxide.• General

properties and effect of hyperbaric oxygen, Biochem. J. 131:707-716.

Boveris, A,, Oshino, N., and Chance, B., 1972, The cellualr production of hydrogen peroxide

Biochem. J, 128:617-630,

Bozek, S.A., Jensen, D.R.-, and Tone, J.N., 1981. Scanning electron microscope study of

spermatozoa form gossypol treated rats. Cell Tissue Res. 219:659-663.

Bradford, N.N,, 1976, A rapid and sensitive method for the quautitation of microgram quantities of

protein utilizing the principal of protein-dye binding, Anal. Biochem. 72:218-251.

Brooks, D.E., 1976. Activity and androgenic control of glycolytic enzyme in the epididymis and

epididymal spermatozoa of the rat. Biochem. J. 156:527-537.

Brooks-, D.E., 1978. Activity and androgenic control of enzymes associated with the tricarboxylic acid

cycle, lipid oxidation and mitochondrial shuttles in the epididymis and epididymal spermatozoa of

the rat. Biochem. J. 171:711-752,

Brown, D.G., and Burk, R.F., 1973. Selenium retention in tissues and sperm of rats fed a Torula yeast

diet, J. Nutr. 103:102-108,

Brown, D.V., and Senger, P.L., 1977. Glutathione peroxidase in bovine ejaculated semen, seminal

plasma and epididymal spermatozoa, Proc. Amer. Soc. An. Sci,, July 1977. pp.111, (Abstr. 356).

Brown, D.V., Senger, P.L., Stone, S.L., Froseth, J,A., and Becker, H.C., 1977, Glutathione Peroxidase

in bovine semen. J. Reprod. Fertil. 50:117-118.

Buescher, R.G., Bell, N.C., and Berry, R.K., 1960. Effect of excessive calcium on selenium75 in

swine. J, Anim. Sci. 20:368-372.

Burk, R.F.., and Gregory, P.E., 1982, Some characteriztics of 75Se-P, a selenoprotein found in rat

liver and plasma, and comparison of it with selenoprotein peroxidase. Arch, Biochem. Biophys.

213:73-82.

Burk, R.F., and Lawrence, R.A., 1978. Non-selenium-dependent glutathione peroxidase. In 'Functions of

Glutathione in Liver and kidney, (Sies, H., and Hendel, A. eds.). Proc, Life Sci., pp.111-

119, Springer-Verlag, Berlin and New York.



References

Burl R.F., Whitney, R., Frank, H., and Peterson, N., 1363, Tissue selenium levels during the

development of dietary liver necrosis in rats fed Torula yeast diets. J. Nutr. 95:20-428.

Burl R.J., 1973, Selenium in nutrition. Hid, Rev. Nutr. Diet. 30:83-106.

Burrini, A.G., Baccetti, B., Bigliardi, E,, Selmi, N.G., and Renieri, T., 1986. Dev.. Growth Differ.

28(suppl,):66,

Cadenas, E,, Boveris, A,, Ragan, C.I., and Stoppani, A.O.N., 1977, Production of superoxide radical

and hydrogen peroxide by NADH-ubiquinone reductase and ubiquinol-cytochrome c reductase from

beef-heart mitochondria, Arch. Biochem. Biophys. 180:248-257.

Calvin, H.I., 1978. Selective incorporation of selenium-75 into a polypeptide of the rot sperm tail.

J. Exp, Zool. 201: 115-152.

Calvin, H.I., and Cooper, 6.1, 1979. A specific selenopolypeptide associated with the outer membrane

of rat sperm mitochondria. In The Spermatozoon. (Fawcett, D.H, and Bedford, J.H.

eds.) pp. 135-110. Urban and Schwarzenberg, Baltimore, N.D.

Calvin, H.I., Wallace, E.W., and Cooper, G.W., 1981a, Role of selenium in the organization of the

mitochondrial sheath in rodent spermatozoa, In Selenium in Biology and Medicine. (Spallholz,

J.E., Martin, J.L., and Ganther, H.E. eds.) pp. 319-321, AVL Pub. Co., Westport, CT.

Calvin, H.I., Cooper, G.W., and Wallace, E., 1981b. Evidence that selenium in rat sperm is associated

with a cysteine-rich structural protein of the mitochondrial capsules. Gamete Res. 1:139-119.

Cantor, A.H., and Scott, N.L., 1971. The effect of selenium in the hen's diet on egg

production, hatchability, performance of progeny and selenium concentration in eggs. Poult. Sci.

53:1870-1880.

Chambers, I., Frampton, J., Goldfarb, P., Affara, N., HcBain, W., and Harrison, P.R., 1986. The

structure of the mouse glutathione peroxidase gene: the selenocysteine in the active site is

encoded by the termination codon, TGA. EMB0 J. 5:1221-1227.

Chance, B., Boveris, A., Nakase, Y., and Sies, H., 1978, Hydroperoxide metabolism: An overview. In

Functions of Glutathione in Liver and Kidney. (Sies, H., and Hendel, A. eds.) Proc. Life Sci.,

pp,95-106. Springer-Verlag, Berlin and New York.

Chang, N.C., Gu, Z.P., and Saksena, S.K., 1980. Effect of gossypol on the fertility of male rats,

hamsters and rabbits, Contraception 21:161-169.

Chaudiere, J., and Tappel, A.L., 1981. Interaction of gold (I) with the active site of selenium-

glutathione peroxidase. J. Inorg. Biochem. 20:313-325,

Chaudiere, J., Wilhelmseu, E.C. and Tappel, A.L., 1981. Mechanism of selenium-glutathione peroxidase

and its inhibition by mercoptocaboxylic acids and other mercaptans. J. Biol. Chem. 259:1013-

1050.

Chen, L, Yang, G., Chen, J,, Chen, X., Wen, Zh., and Ge, K., 1980. Studies on the relations of

selenium and Keshan disease. Boil. Trace Element Res. 2:91-107.

Chiu, D.T.Y., Stults, F.H., and Tappel, A.L., 1976, Purification and properties of rat lung

soluble glutathione peroxidase, Biochim. Biophys, Acta 115:558-566,



References

Christophersen, B.O., 1968, Forniation of monohydroxypolyenic fatty acids from lipid peroxides

by a glutathione peroxidase, Biochim. Biophs. Acta 164:55-46.

Clayton, C.C., and Baumann, C.A., 1949. Diet and azo dye tumors: Effect of diet during a

period when the dye is not fed. Cancer Res, 9:575-532,

Cohen, G., and Heikkila, R.E., 1974. The generation of hydrogen peroxide, superoxide radical, and

hydroxyl radical by 6-hydroxydopamine, dialuric acid and related cytotoxic agents. J. Biol.

Chem. 249:2447-2452.

Colman, N., Gardner, A., and Herbert, V., 1979. Non-mutagenicity of gossypol in the Salmonella

mammalian microsome plate assay. Environ. Mutagen. 1:315-520.

Conkerton, E.J,, and Frampton, Y.L., 1959. Reaction of gossypol with free E-omino groups of lysine in

proteins. Archs. Biochem, Biophys. 81:130-139,

Cousins, F.B., and Cairney, I.H., 1961, Some aspects of selenium metabolism in sheep. Flust. J. Agr

Res. 12:927-992.

Coutinho, E.H., Helo, J.F., Barboza, I., and Segal, S.J., 1989, Fertil. Steril. 92:929-930.

Coutinho, E.H., and Helo, J.F., 1988. Clinical experience with gossypol in non-chinese men.

Contraception 37 (2): 137-151.

Crouch, F.H., and Bryant, H.F., 1982. Reaction rate spectrophotometry method for analysis of

gossypol in cottonseed extracts. Anal. Chem. 59: 292-296,

Dai, R.X., Pong, S.N., Lin, X.K., Ke, Y.B., Liu, Z.L., Dong, R.H., 1972. A study of antifertility of

cottonseed, papers presented at 1st Natl. Conf, male antifertil. Agents, Sept,, Huhan.

Republished 1978 in Acta Biol. Exp. Sinica 11: 1-10.

Dai, R.X., and Dong, R.H., 1978, Acta Biol. Exp. Sinica, 11:19-29.

Dai, R.X., Pan, S.Y., 1980. Studies on the antifertility effect of gossypol. VI. Observations of

testicular atrophy of rats administered gossypol for long terms. Acta Exp. Biol. Sinica 13:

192-199.

de Peyster, A,, and Hang, Y.Y., 1979, Gossypol, proposed contraceptive for men passes the Ames test,

N. Engl. J. Med. 301: 275-276.

de Peyster, A., Quintanilha, A,, Packer, L., Smith, H.T., 1989. Oxygen radical formation induced by

gossypol in rat liver microsomes and human sperm. Biochem. Biophys. Res. Commun, 118: 573-579.

Derda, D.F., Miles, H.F., Schweppe, J.S., and Jungmann, R.A., 1980. Cyclic AMP regulation of lactate

dehydrogenase. J, Biol, Chem. 255:11112-11121,

Dickson, R.C., and Tomlinson, R.H., 1967, Selenium in blood and human tissues. Clin. Chim. Acta 16:

311-321.

Diplock, A.T., Caygill, C.P.J., Jeffery, E.H., and Thomas, C,, 1973. The nature of the acid-volatile

selenium in the liver of the male rat. Biochem. J-. 139: 283-293.

Eagle, E., 1950, Effect of repeated doses of gossypol on the dog, Arch. Biochem, 26: 68-71,



References

Eagle, E., and Bialek, H., 1980. Effect of single and repeated doses of gossypol on the rat, Food

Research 15: 252-256.

Edwards, J.D. Jr., 1958, Total synthesis of gossypol. J. Am. Chem, Soc. 80: 5798-5739.

Eliasson, R,, and Virji, I, 1985, Effect of gossypol acetic acid on the activity, of LBH-C from

human and rabbit spermatozoa, Int. J. flndrol. 6:109-112.

Epp, 0., Ladenstein, R,, and Mendel, A., 1985. The refined structure of the selenoenzyme glutathione

peroxidase at 0.2-nm resolution, Eur. J, Biochem, 155: 51-69.

Feng, B.Y., Xu, M.Y., 1982. Effect of gossypol on the ATPase activity of the brain synapses. Bull.

Sci. Sinica 17:1072-1075.

Flohe, L., 1969. Spezifischer nachweis der glutathionperoxidase auf cellogel-elektrophoresestreifen

und bestimmung des isoelektrischen punktes. Hoppe-Seyler's Z. Physiol, Chem. 550: 856-858.

Flohe, L;, 1970. Die glutathion peroxidase: Enzymologie und biologische aspekte. Klin. Hochenschr.

19: 669-685.

Flohe, L., and Schlegal, H., 1971, Glutathion peroxidase. IV. Intrazellare verteilung des glutathion

peroxidase systems in der rattenleber. Hoppe-Seyler's Z. Physiol. Chem. 552: 1101-1110.

Flohe, L., and Zimmermann, -R., 1970. The role of GSH peroxidase in protecting the membrane of rat

liver mitochondria, Biochim. Biophys. Acta 225: 210-215.

Flohe, L., and Zimmermann, R., 1971. GSH-induced high amplitude swelling of mitochondria, In

Glutathione, (Flohe, L., Benohr, H.Ch., Sies, H,, Waller, H.D. and Wendel, A. eds.) pp. 215-

260. Thieme Verlag, Stuttgart.

Flohe, L., Eisele, B,, and Wendel, A., 1971a. Glutathion peroxidase. I. Reindarstellung und

molekulargeHichtsbistimmungen. Hoppe-Seyler's Z. Physiol, Chem, 552: 151-158.

Flohe, L., Gunzler, W,, Schaich, E,, and Schneider, F., 1971b. Glutathion peroxidase. II,

Substratspezifitat und hemmbarkeit durch substratonaloge, Hoppe-Seyler's Z. Physiol. Chem. 552:

159-169.

Flohe, L., Gunzler, W.A., 1971, Glutathione peroxidase. In Glutathione, (Flohe, L., Benohr,

H.Ch,, Sies, H., Waller, H.D., and Wendel, A. eds.) pp. 152-115. Thieme Verlag, Stuttgart.

Flohe, L,, Gunzler, W.A., and Loschen, G., 1979, In Trace metals in health and disease. (Kharasch,

H. eds,) pp.265, Raven Press, New York.

Flohe, L,, Gunzler, W.A., and Schock, H.H., 1975. Glutathione peroxidase: a selenoenzyme. FEBS Lett

52: 152-151,

Flohe, L., Loschen, G., Gunzler, W.A., and Eichele, E., 1972. Glutathione peroxidase V., The kinetic

mechanism, Hoppe-Seyler's Z. Physiol. Chem. 555: 981-999,

Flohe, L., Schlegel, W,, and Schaich, E., 1970, Zur frage der identitat von glutathion peroxidase aus

erythrocyten und leber( Contraction Factor ID der rattle. Z. Klin. Chem. Klin. Biochem.

8:119-155,



References

Frick, J,, and Danner, C,, 1935, Effect of gossypol on human testicular function: evaluation of

seminal and hormonal parameters, In' Gossypol: A potential contraceptive for men (Segal

S.J, eds.) pp. 17-23. Plenum Press, New York and London.

Frick, J., Aulitzky, H„, and Kalla, N.R., 1988. clinical microdose study of gossypol: effect on

sperm motility and renal function. Contraception 37 (2): 153-162.

Fridovich, I,, 1974a. Superoxide dismutases, Adv. Enzymol. 41: 35-97.

Fridovich, I., 1974b. Superoxide and evolution. Horizons Biochem. Biophys. 1: 1-37,

Fridovich, I., 1978, The biology of oxygen radicals. Science 201:878-888.

Friedberg, T., Bentley, P., Stasiecki, P., Glatt, H.R., Raphael, D., and Oesch, F., 1979. The

identification, solubilization and characterization of microsome-associated glutathione s-

transferase, J, Bio, Chem. 254: 12028-12033,

Fritz, I.B., Schultz, S.K., and Srere, P.A., 1963. Properties of partially purified carnitine

acetyltransferase, J, Biol, Chem, 238(7): 2509-2517.

Gallup, H.D., 1928. The occurrence and destruction of gossypol in cottonseed products. Proc. Oklahoma

Acad, Sci. Univ. Oklahoma Bull, New Series, No. 409, Studies Series, No, 29:182-187 (abstr.)

Gallup, H.D., 1931. The use of cottonseed meal in the diet of the rat, J. Biol. Chem. 91: 387-394,

Ganther, H.E., and Baumann, C.A., 1962. Selenium metabolism. I, Effects of diet, arsenic and cadmium.

J, Hutr. 77: 210-216,

Ganther, H.E., Levander, O.A., and Baumann, C.A., 1966, Dietary control of selenium volatilization in

the rat, J. Hutr. 88:55-60,

Ganther, H.E., Prohasja, J.R., Oh, S.H., and Hoekstra, U.S., 1978. The labile nature of

selenium in oxidized glutathione peroxidase. Trace Elem. Netab, Nan Anim., .Proc, Int. Symp.,

3, 1977. PPi 77.3(1,

Ganther, H.E., Hafemann, D.G., Lawrence, R.A., Serfass, R.E., and Hoekstra, U.S., 1976, Selenium and

glutathione peroxidase in health and disease. In Trace Elements in Human Health and Disease.

(Prasad, A, eds.) Vol. 2, pp. 165-234. Academic Press, New York,

Godwin, K.O., 1965. Abnormal electrocardiograms in rats fed a low selenium diet. Q. J. Exp

Physiol. 50: 282-288.

Griffiths, H.N., Stewart, R.D.H., and Robinson, N.F., 1976, The metabolism of (75Se)selenomethionine

in four women. Brit. J, Nutr. 35: 372-382,

Gu, Z.P., Zong, S.D., and Chang, C.C., 1983, Morphological changes in testis and epididymis of rats

after gossypol. Acta Pharmacologica Sinica 4(1): 40-45.

Gunn, S.A., and Gould, T.C., 1970. Cadmium and other mineral elements, In The testis, vol, 3.

(Johnson, A.D., Gomes, H.R. and Vandemark, N.L. eds.) pp. 378-481. Academic Press, Hew York.

Gunn, S.A., Gould, T.C., and Anderson, W.A.D., 1967. Incorporation of selenium into spermatogenic

pathway of mice. Proc, Soc. Exp. Biol. Ned, 124: 1260,



References

Gunn, S.A., Gould, T.C., and Anderson, H.A.D., 1368. Specificity in protection against lethality and

testicular toxicity from cadmium, Proc. Soc, Exp, Biol, Ned. 128: 531-595,

Gunzler, H.A., 1974. Glutathion peroxidase, Kristallisation, selensehalt, Aminosaurezusammensetzung

und modellvorstellungen zum reaktions-mechanismus, Ph.D. Thesis, University of Tubingen.

Gunzler, W.A., Vergin, H., Huller, I,, and Flohe, L., 192. Glutathion peroxidase. VI. Die reaction

der glutathion peoxidase unit verschiedenen hydroperoxiden. Hoppe-Seyler's Z. Physiol. Chem.

355: 1001-1004.

Gunzler, H.A., Steffens, G.L., Grossman, A,, Kim, S.H.A., Otting, F., Hendel, A., and Flohe, L., 1984.

The amino acid sequence of bovine glutathione peroxidase, Hoppe Seyler's Z. Physiol, Chem, 365:

195-212.

Haas, R.H., and Shirley, D.A., 1965, The oxidation of gossypol, II. Formation of gossypol with ferric

chloride, J. Org. Chem, 30: 4111-4113.

Haber, F., and Weiss, J,, 1934. The catalytic decomposition of hydrogen peroxide by iron salts.

Proc. R. Soc. Lond. 117: 332-351.

Hadley, H.A., and Burgos, N.H., 1982, Inhibition of rat epididyraal sperm motility by gossypol. Ann.

N.Y. Acad. Sci, 383: 458-459.

Hahn, D.H., Rusticus, C., Hom'n, R., Johnson, A.N., 1981. Antifertility and endocrine activities of

gossypol in rodents. Contraception 2A: 97-105.

Halliwell, B., 1974. Superoxide dismutase, catalase and glutathione peroxidase: solutions to the

problem of living with oxygen. New Physiol. 73: 1075-1086.

Harms, U.S., and Holley, K.T., 1951. Hypoprothrombinemia induced by gossypol. Proc, Soc. Exptl.

Biol. Ned. 77: 297-299.

Haroz; R.K., and Thomasson, J,, 1980. Tumor initating and promoting activity of gossypol. Toxicol,

Lett. Suppl. 6: 72.

Hartley, H.J., 1963, Selenium and m fertility. Proc. N.Z. Soc. Anim. Prod. 23: 20-27,

Hartmanis, N., 1980, A new selenoprotein from Clostridium Bluyverithet copurifies with thiolase,

Fed, Proc, Fred, Am, Soc, Exp, Biol, 39: 1772.

Hastings, J.H., 1966. The chemistry of bioluminescence, Curr. Top. Bioenerg, 1: 113-152,

Meckel, N.J., Rosso, W.A., Kestel, L., 1951, Spermatogenic rebound phenomenon after administration of

testosterone propionate, J,Clin. Endocrinol, 11: 235-245.

Hirooka, T., and Galambos, J.T., 1966. Selenium metabolism, III. Serum protein, lipoproteins and

liver injury. Biochim, Biophys. Acta 130: 321-328,

Hoffer, A.P., 1982, Ultrastructural studies of the seminiferous and epididyraal epithelium and

epididymal sperm in rats treated with gossypol. Arch. Androl, 9: 35.

Hoffer, A,P., 1983. Effects of gossypol on the seminiferous epithelium in the rat: a light and

electron microscope study, Biol. Reprod, 28: 1007-1020,



References

Hoffer, A.P., 1385, Ultrastructural, biochemical and endocrine studies on the effects of gossypol

and its isomeric derivatives on the male representee tract. In Gossypol: A potential

contraceptive for men. (Segal S.J. eds.) pp. 115-186. Plenum Press, Ken York.

Holmberg, N.J., 1958. Purification and properties of glutathione peroxidase from bovine lens. Exp.

Eye Pes. 7: 570-580.

Hsieh, U.S., and Ganther, H.E., 1975, Acid-volatile selenium formation catalyzed by glutathione

reductase. Biochemistry 11: 1652-1656.

Hubei Provincial Epidemic Prevention Station, 1967, Prevention and treatment of Honchuan Fever

and Xinzhou Paralysis, restricted publication.

Hunter, F.E., Jr., Scott, A., Heinstein, J., and Schneider, A., 1961. Effects of phosphate,

arsenate and other substances on swelling and lipid proxide formation when mitochondria are

treated with oxidized and reduced glutathione. J, Biol. Chem, 259: 622-550.

Hurt, H.D., Gary, E.E., and Visek, H.J., 1971. Growth, reproduction and tissue concentration of

selenium in the selenium-depleted rat, J. flutr, 101: 761-766.

Irons, H.J,, and Clermont, Y., 1982. Formation of the outer dense fibers during spermiogenesis in the

rat, Anat. Res. 202: 165-171.

Jonghorbani, H., Christensen,- N.J., Nahapetian, A,, and Young, V.R., 1982. Selenium metabolism in

healthy adults: quantitative aspects using, the stable isotope 75$e032. Am. J. Clin, flutr. 55:
617-651,

Janghorbani, H., Kasper, L., and Young, V,, 1981, Dynamics of selenite metabolism in young men:

studies with the stable isotope tracer method, Am. J. Clin. Nutr. 10: 208-218.

Jeffcote, S.L., and Sandler, N., 1982.' Progress towards a male contraceptive. (Jeffcote, S.L.,

and Sandler, H. eds.) Johy Wiley and Sons, Chichester, England.

Jenkins, K.J., Hidiroglou, H., and Ryan, J.F., 1969. Intravascular transport of selenium by chick

serum proteins. Can. J. Physiol. Pharmacol. 17: 159-167.

Jensen, L.S., 1968. Selenium deficiency and imparied reproduction in Japanese quail. Proc. Soc. Exp,

Biol, Hed. 128: 970-972.

Jensen, L.S., Halter, E.D., and Dunlap, J.S., 1965. Influence of dietary vitamin E and selenium

distribution of 75Se in the chick. Proc. Soc. Biol. Heal. 112: 899-901.

Jiangsu Coord. Group Hole Antifertil. Agents, 1972. Antifertility effect of gossypol on male rats

Papers presented at 1st Natl. Conf, Hale Antifertil. Agents, Sept,, Huhan.

Jones, R., and Hann, T., 1975. Lipid peroxidation in spermatozoa, Proc. R. Soc. Lond, (Biol.) 181:

105-107.

Jones, R., and Hann, T., 1976, Lipidperoxides in spermatozoa; Formation, role of plasmologen

and physiological

significance. Proc. R. Soc. Lond. (Biol,) 195: 517-555.

Jones, R., Hann, T., and Sherins, R.J., 1978, Adverse effects of peroxidized lipid on human

spermatozoa. Proc. R.Soc. Lond. (Biol.) 201: 115-117.



References

Jones, R., Mann, T., and Sherins, R.J., 197S. Peroxide breakdown of phospholipids in human

spermatozoa, spermicidal properties of fatty acid peroxides, and protective action of seminal

plasma, Fertil. Steril, 31: 531-537,

Kalla, N.R., Foo, J,, Kalpona, T.H., Hurkcdli, S., Sheth, A.R., 1985, Effect of gossypol on the

fertility of the male bonnet monkey, In Gossypol: A potential contraceptive for men (Segal,

S.J. eds.) pp, 33-13, Plenum Press, New York,

kalla, N.R., Foo, T.H.J., and Sheth, A.R., 1982, Studies on the male antifertility agent gossypol

acetic acid, V, Effect on the fertility of male rats, Andrologia 11: 192-500.

kalla, N.R., Wei, J.F.T., 1981, Effect of gossypol acetic acid on respiratory enzyme in vitro, IRCS

Ned, Sci. 9: 792,

ke, Y.B., and Tso, H.H., 1982. Variations of gossypol susceptibility in rat spermatozoa during

spermatogenesis, Int. J. Fertil, 27:12-16,

Kennedy, H,, Van Der Van, H.H., Straus, J.H., Bhattocharyya, A.k., Holier, D.P., Rens, L., Zaneveld,

J.D., Polakoski, K.L., 1983, Gossypol inhibition of acrosin and proacrosin and oocyte

penetration by human spermatozoa, Biol, Reprod. 29: 199-1010,

kitto, G.B,, 1969, Intra-and extra-mitochondrial malate dehydrogenases from chicken and tuna heart.

In Methods in Enzymology (Lowenstein, J.N. eds.) Vol. XIII. pp. 106-116, Academic Press, New

York and London.

klebanoff, S.J., 1971, Role of the superoxide anion in the myeloperoxidcse-mediated antimicrobial

system. J.Biol. Chem. 219: 3721-3728,

Ladenstein, R., Epp, 0., Bartels, K., Jones, A,, Ruber, R., and Hendel, A., 1979. Structural analysis

and molecular model of the selenoenzyme glutathione peroxidase at 2,8 A resolution. J. Hoi. Biol,

131: 199-218.

Laemnrli, U.K., 1970, Cleavage of structural proteins during the assembly of. the head of the

bacteriophage T1, Nature 227: 680-685,

Latshaw, J.D., and Osman, H., 1975, Distribution of selenium in egg white and yolk after feeding

natural and synthetic selenium compounds. Poult, Sci, 51: 1211-1252,

Lawrence, R.A., and Burk, R.F., 1976, Glutathione peroxidase activity in selenium-deficient rat

liver, Biochem. Biophys. Res. Commun, 71: 952-958.

Lawrence, R.A., and Burk, R.F., 1978, Species, tissue and subcellular distribution of non-Se-

dependent glutathione peroxidase-octivity. J. Nutr. 108: 211-215.

Lee, C.Y., Nailing, H.V., 1981, Selective inhibition of sperm-specific lactate dehydrogenose-x by an

antifertility agent, gossypol, Fed, Proc, 10: 718.

Levander, O.A., 1982, Clinical consequences of low selenium intake and its relationship to vitamin E,

Ann. New York Acad, Sci. 39: 70-80.

Levander, O.A., 1981. The importance of selenium in total parenteral nutrition, Ann. N.Y, Acad, Sci.

60:111-155,

Li, C.B., Ding, F., No, Z.R., and Zhao, S.Y., 1981, Determination of the genetic safety of gossypol

by Ames test and SCE frequency, Acta Fu Dan Univer. 20: 361-365,



References

Li, T.K,, 1975. The glutathione and thiol-compounds of mommalian spernotozoa and seminal plasma.

Biol. Reprod. 12: 611-616,

Lin, Y.C., Hadley, fl.A., Llingener, D., and Dym, H., 1980, Effect of gossypol on the reproductive

system of maie rats, Biol, Reprod, 22($uppl. 1): 95A.

Lin, Y.C., Chitcharoenthum, M., and Rikihisa, Y., 1988, Effect of gossypol on spermatozoal lactate

dehydrogenase-X (LDH-X) in male rats, Contraception 36(5):581-592.

Lindberg, M.C., Naqvi, R.H., Batlin, S.A., Zhou, R.H., Bialy, G., and Blye, R.P., 1987, Comparative

antifertility effects of gossypol enantiomers in male hamsters. Int. J, Androl. 10(1): 619-23.

Little, C., and O'Brien, P.J., 1968, An intracellular GSH-peroxidase with a lipid peroxide substrate.

Biochem. Biophys. Res. Commun. 31: 115-150.

Liu, U.S., 1957. A tentative idea of the use of cooking cottonseed oil for fertility control,

Shanghai J, Clin, Med. 6: 13-17.

Liu, C.H., Chen, Y.M., Zhang, J.Z., Huang, H.Y., Su, 0., Lu, Z.H., Yin, R.X,, Shao, G.Z., Feng, 0.,

and Zheng, P.L., 1982, Preliminary studies on influence of selenium deficiency to the

developments of genital organs and spermatogenesis of infancy Boars. Acta Veterinaria et

Zootechnica Sinico 13(2): 73-77,

Liu, G.Z., 1980. Clinical study of gossypol as a male contraceptive. In Proc. Tenth World Congress

on Fertil. Steril.. p.96, Madrid.

Liu, Z.Q., Liu, G.Z., Hei, L.S., Zhang, R.A., and Yu, C.Z., 1981, Clinical trial of gossypol as a male

antifertility agent. In Recent Advances in Fertility Regulation. (Chang C.F. and Griffin, D,

eds.) pp, 160, Atar, S.A.

Longmore, J,J., 1886. Cottonseed oil: Its coloring matter mucilage, and description of a new method

of recovering the Joss occuring in the refining process. J.Soc. Chem. Ind., 5: 200,

Lopez, P.L., Preston, R.L., and Pfonder, H.H., 1968. In vitro uptake of selenium-75 by red blood

cells from the immature ovine during varying selenium intakes. J. Nutr, 91: 219-226.

Loschen, G., 1975. Wasserstoffperoxid und sauerstoffradikale in der atmungskette. Dissertation,

Tubingen,

Loschen, G., Azzi, A,, Richter, C., and Flohe, L., 1971. Superoxide radicals as precursors of

mitochondirol hydrogen peroxide. FEBS Lett. 12: 68-72.

Luo, Y,, Dong, Z.Q., and Feng, Y.Z., 1980, Effect of gossypol acetic acid on histology of human

testis. Clin, J. Urol. 1: 198-199,

Lyman, C.M., Baliga, B.P., and Slay IU.f 1959, Reactions of proteins with gossypol, Arch. Biochem.

Biophys, 81:186-197,

Majumdar, S.K., Thatcher, J.D., Dennis, E.H., Cutrone, A,, Slockage, M., and Hammond, M., 1982.

Mutagenic evaluation of two male contraceptives: 5-thio-D-glucose and gossypol acetic acid.

J.Hered. 73: 76-77.

Mann, T., 1961, Biochemistry of semen and of the male reproductive tract. Methuau, London,



References

Hann, T,, and Lutwok-onn, C., 1975, Biochefnlcal aspects of aging in spermotozoa in

relation to motility and fertilizing ability, In Aging Gametes. (Blandau, R.J. eds.) pp. 122-

150, S, Karger, Basel,

Marcel, J,, Paget, K., and Michelson, A.M., 1977, comparative study of superoxide dismutase, catalase

and glutathione peroxidase levels in erythrocytes of different animals. Biochem. Biophys. Res.

Commun, 77: 1525-1535,

Marchlewski, L, 1899, Gossypol, ein bestandteil der baumtfollsanen. J. Prakt. Chem, 60: 81,

Workman A-L,, Rzhekhin, Y.P., 1968, Gossypol and its derivatives. Israel program for scientific

translations: Jerusalem, Chapter 8.

Martin, J.L., and Spallholz, J.E., 1977. Selenium in the immune response. In Proceedings of the

Symposium on Selenium-Tellurium in the Environment, Industrial Health Foundation, pp. 204-225.

Pittsburg.

Massey, V,, Strickland, S,, Mayhew, S.A., Howell, L.G., Engel, P.C., Matthews, R.G., Schuman, M. and

Sullivan, P.A,, 1969. The production of superoxide anion radicals in the reaction of reduced

flavins and flavoproteins with molecular oxygen, Biochem, Biophys. Res, Commun. 36: 891-897,

Matlin, S.A., Zhou, R.H., and Belenguer, A., 1988. Large scale resolution of gossypol

enantiomers for biological evalutation, Contraception 37(3): 229-237,

Maugh, T.H., 1981. Male pill blocks sperm enzyme, Science 212: 314.

Mazeaud, F., Marcel, J., and Michelson, A.M., 1979, Distribution of superoxide dismutase and

glutathione peroxidase in the carp: Erythrocyte magonese SOD, Biochem, Biophys, Res. Commun,

86: 1161-1168.

McConnell, K.P., 1948. Passage of selenium through the mammary glands of the white rat and the

distribution of selenium in the milk proteins after subcutaneous injection of sodium selenate, J,

'Biol. Chem. 173: 653-657,

McConnell, K.P., and Roth, D.M., 1962, 75Se in rat intracellular liver fractions. Biochem. Biophys,

Acta 62: 503-508.

McConnell, K.P., Burton, R.M., Kute, T., and Higgins, P.J., 1979. Selenoproteins from rat testis

cytosol. Biochim. Biophys. Acta 558: 113-119.

McCoy, K.E.M., and Weswig, P.H., 1969. Some selenium responses in rat related to vitamin E. J.Nutr

98: 383-398.

McLean, J.H., Thompson, G.G., and Claxon, J.H., 1959, Growth responses to selenium in lambs. Nature

(London) 184: 251.

HcMurroy, C.H., and Davidson, B.H., 1979, In vitro metabolism of selenite in sheep blood, Factors

controlling the distribution of selenium and the labelling of plasma protein. Biochem. Biophys.

Acta 583: 332-343.

Mead, J.F., and Levis, G.M., 1963. A 1 carbon degradation of the long chain fatty acids of brain

sphingolipids, J.Biol, Chem, 238: 1634-1636.



References

Heng, G,D,, Zhu, J.C., Chen, Z.H., Hong, L.T., Zhang, G.Y., Hu, Y.Z., Ding, J.H., Hang, X.H., Qian,

S.Z., 'long, C., Hachin, D., Pinol, A,, and Haites, G.S.H,, 1333. Fallon up of men in the

recovery period immediately after the cessation of sossypol treatment. Contraception 37(2):

119-123,

Mercuric, S.D., and Combs, G.F., Jr., 1936. Selenium-dependent glutathione peroxidase inhibitors

increase toxicity of prooxidant compound in chicks. J. Nutr. 116: 1726-1754.

Mills, 6.C., 1957, Hemoglobin catabolism, I. Glutathione Peroxidase, on erythrocyte enzyme which

protects hemoglobin from oxidative breakdown. J.Biol. Chem. 229: 189-197.

Misra, H.P., and Fridovich, I., 1972. The role of superoxide anion in the autoxidation of epinephrine

and a simple assay for superoxide dismutase. J.Biol. Chem. 247: 3170-3175,

Morris, I.D., Higgins, C. and Natlin, S.A., 1986. Inhibition of testicular LDH-X from laboratory

animals and man by gossypol and its isomers, J. Reprod, Fert, 77: 607-612,

Ruth, O.H., Oldfield, J.E., Rennert, L.F., ond Schnbert, J.R., 1958. Effects of selenium and vitamin

E on white muscle disease. Science 128: 1090.

Nadakavukareu, R.L., Sorensen, R.H., and Tone, L.N., 1979. Cell Tissue Res. 204: 293-296,

Nahamura, H., Hosoda, S., and Hcyashi, K.,1974. Purification and properties of rat liver glutathione

peroxidase. Biochim. Biaphys. Acta 358: 251-261.

Natl. Coord, Group Hale Antifertility Agents, 1978, Gossypol-A new male antifertility agent. Chin.

Med. J. 91: 417-428,

Natl, Coord, Group of Hale Antifertility Agents ,1985, Reprod, Contraception 5: 5-11.

Neubert, D., Wojtczak, A.B., and Lehninger, A.L., 1362, Purification and enzymatic identity

of mitochondrial ..contraction factors I and II.. Proc. Natl. Acad. Sci. U.S.A. 48: 1651-1650.

Nugtereu, D.H., and Hazelhof, E., 1973. Isolation and properties of intermediates in prostaglandin

biosynthesis. Biochim. Biophys. Acta 326: 448-461.

O'Connor, R.T., Vonderhoar, P., Dupre, E.F., Brown, I.E., Pominski, C.H., 1954. The infrared spectra

of gossypol, J.Amer, Chem, Soc, 75: 2368-2373.

Oho, R., and Hrudka, F,, 1982, Segmental aplasia of the mitochondrial sheath and sequelae induced by

gossypol in rat spermatozoa, Biol. Reprod, 26: 183-195.

Oho, R., and Hrudha, F., 1984a. Gossypol-induced early ond delayed effects in the seminiferous

epithelium of the adult rat. Contracep. Deliv. Syst, 5: 335-355.

Oho, R., and Hrudha, F., 1984b. Comparison of the effects of gossypol, estradiol-17B, and

testosterone compensation on male rat reproductive organs, Biol. Reprod. 30: 1193-1207,

Olgiati, K.L. and Toscano, H.A., 1383. Kinetics of gossypol inhibition of bovine lactate

dehydrogenase x, Biochem, Biophys. Res, Commun. 115: 180-185.

Olgiati, K.L., Hoffer, A.P., Toscano, H.A., 1984. Gossypol modulation of nucleotide metabolizing

enzymes in the reproductive tract of male rats. Biol. Reprod, 31: 759-770.



References

Oshino, IK., Oshino, R., and Chance, B., 1975, The characteristics of the peroxidotic reaction of

catalase in ethanol oxidation, 3iochem. J. 151: 555-557.

Faglia, D.E., and Valentine, W.N., 1967, Studies on the quantitative and qualitative characterization

of erythrocyte glutathione peroxidase, J, Lad. Clin, Med. 70: 158-159.

Pallini, V, and Bacci, E., 1979, Bull sperm selenium is bound to to a structural protein of

mitochondria, J, Submier. Cytol. 11(1): 165-170,

Parizek, J,, and Ostadalova, I., 1967, The protective effect of small amounts of selenite in

sublimate intoxification. Experientia 25: 142-143.

Parizek, J,, Ostadalova, I., Benes, I., and Pitha, J., 1968, The effect of a subcutaneous injection

of cadmium salts on the ovaries of adult rats in persistant oestrus. J, Reprod. Fest. 17: 559-

562.

Patterson, E.L, Rilstrey, R., and Stokstad, E.L.R., 1957, Effect of selenium in preventing exudative

diathesis in chicks. Proc. Soc, Exp, Biol. Red, 95: 617-620,

Pedersen, N.D., Manger, P.D., Weswig, P.H., and Ruth, O.H., 1972. Selenium binding proteins in

tissues of normal and selenium responsive myopathic lambs. Bioinorg. Chem, 2: 33-45.

Pierce, S,, and Tappel. A,L,,. 1978. Glutathione peroxidase activities from rat liver, Biochem.

Biophys. Acta 525: 27-56.

Piper, R.C., Froseth, J.A., McDowell, L.R., Kroening, G.H,, and Dyer, J.A., 1975, Selenium vitamin-E

deficiency in swine fed peas (Pisum Satirum). Am, J. Vet, Res. 56: 275-281.

Pond, F.R., Tripp, H.J., Wu, A.S.H., Manger, P.D., and Schmitz, J.A., 1985, Incorporation of

selenium-75 into semen and reproductive tissues of bulls and rams. J.Reprod. Fert. 69: A1H18.

Pons, J.R.H.A., Guthrie, J.D., 1949. Determination of free gossypol in cottonseed materials, J.

-Amer. Oil. Chem. Soc. 26: 671-676.

Pons, MA., Hoffpauir, C.L., and O'Connor, R.T., 1951, Determination of total gossypol pigments.

J.Am, Oil Chem, Soc, 28: 8-12.

Poso, H., Wichmann, K., Janne, J,, and Luukkainen, T,, 1980, Gossypol, a powerful inhibitor of human

spermotozoal metabolism, Lancet 1:885-886.

Poulos, A,, and Mite, I.G., 1975, The phospholipid composition of human spermatozoa and seminal

plasma, J, Reprod, Fertil. 55: 265-275.

Prohaska, J.R., and Ganther, H.E., 1976. Selenium and glutathione peroxidase in developing

rat brain, J. Neurochem. 27: 1579-1587.

Prohaska, J.R., and Ganther, H.E., 1977. Glutathione peroxidase activity of the glutathione-S-

transferases purified from rat liver. Biochem, Biophys, Res, Commun. 76: 437-445.

Prohaska, J.R., Oh, S.H., Hoekstra, W.G., and Ganther, H.E., 1977. Glutathione peroxidase:

Inhibition by cyanide and release of selenium, Biochem. Biophys. Res. Commun. 7A: 64-71.

Qian, S.Z., 1981, Effect of gossypol on potassium and prostaglandin metabolism and mechanism of

action of gossypol, In Recent Advances in Fertility Regulation, (Chang, C.F., Griffin, D.,

Hoolman, A, eds) pp. 152-159'. Geneva, Atar.



References

Qicn, S.Z.i Ho, J.H., Ho, L.X., Sun, S.X., Huong, Y.Z., Fang, J.H., 1S72. The first ciinicci trial

of sossypol on male antifertiiity, Papers presented at Is Natl. Conf. Mcle Antifertil. Agents,

Sept,, Wuhan, Republished 1330 in Clinical Pharmacology and Therapeutics. (Turner, P, eds.)

pp, 139-92, London, NocNillan,

Qian, S.Z. and Wang, Z.G., 1931. Gossypol: A potential antifertiiity agent for moles. Ann. Rev,

Pharmacol. Toxicol. 21: 329-560,

Qian, S.Z., Jing, G.H., Wu, X.Y., Xu, Y., Li, Y.Q., Zhou, Z.H., 1977. Gossypol-related

hypocalcemia, clinicopharmacologic studies, Presented at 5™ Natl. Conf, Kale Antifertil,

Agents, Aug,, Qinhuangdas. Repulished 1980 in Chin. Ned. J, 93: 177-182.

Qian, S.Z,, Xu, Y., Jing, G.W., 1975, The K-depleting effect of gossypol on isolated rabbit heart and

its possible mechanism, Presented at 1th Natl. Conf. Hale Antifert. Agents, Oct., Suzhou.

Republished 1979 in Acta Phorm. Sinica 11:116-119.

Raju, P.K., Cater, C.N., 1967, Gas liquid chromatographic determination of. gossypol as the

trimethylsilyl ether derivative, J. Am. Oil Chem, Soc. 11: 165-166.

Rigdon, R.H,, Crass, G., Ferguson, T.N., and Couch, J.R., 1358, Effect of gossypol in young

chickens with the production of a ceroid-like pigment. A.N.A. Arch. Pathol. 65: 228-235 (abstr.)

Rosenfeld, I,, and Beath, 0.A1951. Effect of selenium on reproduction in rots, Proc. Soc. Exp.

Biol, Ned, 87: 295,'

Rotruck, J.,Hoekstra, H.G., Pope, A.L., Ganther, H., Swanson, A., and Hafernan, D., 19 72,

Relationship of selenium to GSH peroxidase, Fed, Proc. 31: 691,

Rotruck, J.T., Hoekstra, W.G., and Pope, A.L., 1971. Glucose-dependent protection by dietary

selenium against hemolysis of rat erythrocytes in vitro, Nature (New Biol,) 231: 223-221.

Rotruck, J.T., Hoekstra, W.5., Pope, A.L., Ganther, H., Swanson, A.B., and Hafernan, D.G., 1972,

Relation of selenium to GSH peroxidase. Fed. Proc. 31: 691(Abstract 2681).

Rotruck, J.T., Pope, A.L., Ganther, H.E., Swanson, A.B., Hafernan, D., and Hoekstra, W.G., 1973,

Selenium: Biochemical role as a component of glutathione peroxidase. Science 179: 588-590.

Royce, H.D., Harrison, J.R., and Hahn, E.R. (1911). Cottonroot bark as a source of gossypol, Oil and

Soap 18: 27-29. (Abstrcct)

Royer, R-E. and Von der Jogt, D.L., 1983. Gossypol binds to a high affinity site on human serum

albumin, FEBS Lett, 157: 28-30,

Saksena, S.K. and Salmonsen, R.A., 1982, Antifertiiity effects of gossypol in male hamster, Fertil.

Steril, 37: 686-690.

Saksena, S.K., Salmonsen, R., Lau, I.F., Chang, N.C., 1981. Gossypol: its toxicological and

endocrinological effects in male rabbits, Contraception 21: 203-211.

Sakurai, H., and Tsuchiya, K., 1975, A tentative recommendation for the maximum daily intake of

selenium. Environmental and Physiological Biochemistry 5: 107-118,

S'andholm, N., 1975. Function of erythrocytes in attaching selenite-Se onto specific plasma prot

Acta Pharmacol, et Toxicol, 36: 321-327,



References

Seng, GX, Zhang, Y.G., Shi, Q. I, Shen, K.Y. Lu, F.Y., Zhao, X.J., HGng, flX, Liu, X.L., Yuan,

Y.Y., 1930. Chronic toxicity of gossypol and the relationship to its metabolic fate in dogs and

monkeys. Acta Pharmacol. Sinica 1: 3S-A3,

Schrauzer, G.N., and Ishmael, 0,, 1971. Effects of selenium end of arsenic on the genesis of

spontaneous mammary tumours in inbred C3H mice. Ann. Clin. Lab. Sci. A: A11-AA7.,

Schroeder, H.A., Frost, D.V., and Balassa, J,J., 1970, Essential trace metals in man: selenium. J.

Chronic Diseases 23: 227-2A3.

Schwartze, EX, Alsberg, C.L., 1921. Pharmacology of gossypol, J, Agricultural Res,, Ih 191-198,

Schwarz, K,, and Foltz, CX, 1957, Selenium as an integral part of factor 3 against dietary

necrotic liver degeneration, J,Am, Chem. Soc, 79: 3292-3293,

Schwarz, K., and Foltz, CX, 1957. Selenium as an integral- port of factor 3 against dietary

necrotic liver degeneration, J, Am Chem. Soc, 79: 3292-3293,

Schwarz, K., Biere, J.G., Briggs, GX, and Scott, fl.L, 1957, Prevention of exuadative diathesis in

chicks by factor 3 selenium, Proc, Soc, Exp, Biol, fled, 95: 621-625,

Segerson, E.C., and Ganapathy, S.N. 1980, Fertilization of ova in seleniumviltamin E-treated ewes

maintained on two planes of nutrition, J, Anim, Sci. 51: 386-394.

Serif, G.S., and Kirkwood, S., 1958, Enzyme systems concerned with the synthesis of monoiodotyrosine.

II. Factor properties of the soluble and mitochondrial system, J, Biol, Chem. 233: 109-115,

Shamberger, R.J., 1983, Forms of selenium, In Biochemistry of Selenium, (Shamberger, R.J. eds.)

pp.20. Plenum Press, flew York and London,

Shamberger, R.J., 1984. Selenium, In Biochemistry of the essential Ultratrace Elements

(Frieden, E. eds.lljP. 201-236, Plenum Press, Ren York and London,

Shamberger, R.J., and Rudolph, 6., 1966. Protection against cocarcinogenesis by antioxidants,

Experientia 22: 116,

Shandilya, L.H., Clarkson, T.B., Adams, H.R., Lewis, J,C,, 1982, Effect of gossypol on

reproductive and endocrine functions of male cynomolgus monkey, Biol. Reprod, 27: 241-252.

Shandong Coord, Group Antifertil, Plants, 1972, Animal screening of antifertility effective

constituents of cottonseed, Papers presented at 1st Rati. Conf. flale Antifertil, Agents, Sept.,

Wuhan.

Shandong Coord, Group flale Antifertil, Plants, 1973. Repeated-dose toxicity of gossypol in rabbits.

Presented at 2 n(j Rati, Conf, flale Antifertil, Agents, Aug., Gingdao,

Sheriff, D.S., 1986. Gossypol and lipid peroxidation of human spermatozoa, IRCS fled, Sci, 11: A,

Sheriff, D.S., Ghwarsha, K., Elgengon, K.B., and Eifakhri fl,, 1987, Effect of gossypol on the

activity of erythrocyte Na+-K+ ATPase activity in vitro, Clin. Chem. 33: 309.

Shi, Q.X,, 1986, Dev. Growth Differ, 28{supp1.):29-30.



References

Shi, Q.X., Tso, M., end Friend, D.S., 1987. Gossypol inhibition of spermatogenesis, opera motility

and metabolism. In New horizons in sperm ceil research. (Nohri, H., ed.) pp.389-498. Japan

Sci. Soc. Press, TokyoGordon and Breach Sci. Publ., New York.

Shi, Q.X., and Friend, D.S., 1985, Effect of gossypol acetate on guinea pig epididymal spermatozoa in

vivo and their susceptibility to capacitction in vitro. J, Anarol. 5: 45-52.

Shi, Q.X., and Friend, D.S., 1983. Gossypol-induced inhibition of guinea pig sperm capacitction

in vitro, Biol, Reprod. 29: 1027-1032.

Shi, Q.X., Zhang, Y.G., 1980, Studies on antifertility effect of gossypol, I. Effect of gossypol on

androgen dependent organs, Acta Zool, Sinica 26: 311-316,

Si, Y.K., Zhou, J,, and Huang, I., 1983, Resolution of racemic gossypol. Bull Sci. China 28: 610.

Siami, G., Schulert, A.R., and Heal, R.A., 1972. A possible role for the mixed function oxidases in

the requirement for the selenium in the rat, J. Nutr, 102: 857-862,

Sies, H., 1971. Biochemistry of the peroxisome in the liver cell. Angew. Cbem. Int. Ed. Engl. 13:

706-718,

Simon, J.L., 1981. The Ultimate Resource. (Robertson eds.) Fig. 11-11. Oxford,

Smith, D.G., Senger, P.L,, McCutchan, J.F, and Landa, C.A., 1979. Selenium and glutathione peroxidase

distribution in bovine semen and selenium-75 retention by the tissues of the reproductive

tract in the bull, Biol, of Reprod, 20: 377-383,

Sprinker, L.H., Harr, J.R., Rewberne, P.M., Manger, P.O., and 'rfeswig, V.H., 1971. Selemium

deficiency lesions in rats fed vitamin E, supplemented rations. Nutr. Rep. Int. 1: 335-310.

Stadtman, T.C., 1971a. Selenium biochemistry. Science 183: 915-922.

Stodtman, T.C., 1971b.' Composition and some properties of the selenoprotein of glycine reductase.

Fed. Proc. Fed, Am. Soc. Exp. Biol. 33: 1291.

Stadtman, T.C., 1987, Specific occurrence of selenium in enzymes and amino acid tRNAs. FASEB J. 1:

375-379.

Stephens, D.T., and Critchlow, L., 1982, Studies on the mechanism of inhibition of Rhesus monkey

sperm glycolysis and motility by gossypol acetic acid, Biol. Reprod. 26(suppl,):221,

Stephens, D.T., Critchlow, L.N., and Hoskins, D.D., 1983, J.Reprod, Fertil. 69: 117-152.

Stewart, R.D.H., Griffiths, N.N., Thomson, C.D., and Robinson, H.F., 1978. Quantitative selenium

metabolism in normal Hew Zealand women, Brit, J, Nutr. 10: 15-51,

Su, S.Y., Liu, Y., Zhou, Z.H., Shieh, S.P., Zhao, X.J., Xu, N.Y., Zhang, Y.Z., 1982. Relationship

between gossypol administration and activity of Na-X-ATPase in animal, Acta Anat, Sinica 13:85-

Sunde, R.A., and Hoekstra, H.G., 1980a. Structure, synthesis and function of glutathione peroxidase,

Nutr. Rev. 38: 265-273,



References

Sunde, R.A., and Hoekstra, H.6.. 1920S), Incorporation of selenium from selenite and selenocystine

into glutathione peroxidase in the isolated perfused rat liver, Biochem. Biophys. Res. Com.

95: 1181-1188.

Sunde, R.A., Santher, H.E., and Hoekstra, H.G., 1979, A comparison of ovine liver and

erythrocyte glutathione peroxidase, Fed, Proc,, Fed, Am, Soc. Exp, Biol, 37: 757,(Abstract),

Sunde, R.A., Sonneuberg, U.K., Gutzke, G.E., and Hoekstra, H.G., 1982. Biopotency of selenium for

glutathione peroxidase synthesis. In Trace element metabolism in man and animals, (Gawthorne,

J.N., Howell, J.McC, White, C.L. eds.) pp. 155-168, Springer-Verlag, Berlin, Heidelberg, Hen

York,

Tan, Y,B,, Zheng, H.Z., Zhang, Z.S., Hang, N.N., and Yao, Y.L., 19 82, Embryotoxicity and

teratogenicity of gossypol acetic acid, Restricted publication.

Tanksley, T.D., Neumann, J.H., Lyman, C.N,, Pace, C.N., and Prescott, J.19., 1970, Inhibition of

pepsinogen activation by gossypol, J, Biol, Chem. 245:6456-6461.

Tappel, A.L., 1978, Protection against free radical lipid peroxidation reactions. Adv. Exp, Ned.

Biol. 97: 111-131,

Thomson, C.D., and Duncan, A,, 1982, Glutathione peroxidase and selenium status, in Trace Element

metabolism in man and animals. (Gawthorne, J.N., Howell, J. Ncl., Hhite, C.L, eds.) pp. 22-

25. Springer-Verlag, Berlin, Heidelberg, New York,

Thomson, C.D., and Stewart, R.D., 1974, The metabolism of (75Se) Selenite in young women, Brit, J.

Nutr. 32: 45-47.

Thomson, C.D., and Stewart, R.D.H., 1973, Metabolic studies of {75Se)-Selenomethionine and (75Se)

selenite in the rat, Brit, J, Nutr. 30: 139-147.

Toilet, J.T., Stephenson, E.L., and Diggs, B.G., 1957, Histopathology of gossypol poisoning in young

'pigs, J. Anim. Sci. 16: 1081.

Trinder, N., Hoodhouse, C.D., and Renton, C.P., 1969. The effect of vitamin E and selenium on the

incidence of retained placentae in doiry cows. Vet, Res. 85: 550-553.

Tso, H.H, and Lee, C.S., 1982. Lactate dehydrogenase-x, an isozyme particularly sensitive to gossypol

inhibition, Int. J, Androl. 5: 205-209.

Tso, H.H., Lee, C.S., Tso, N.Y.H., 1982a. Sensitivity of various spermatozoal enzymes to

gossypol inhibition, Contraceptive Delivery Syst, 3: 280.

Tso, H.H., Lee, C.S., Tso, N.Y.H., 1982b. Effect of gossypol on boar spermatozoal adenosine

triphosphate metabolism, Arch, Androl. 9: 319-331,

Turner, D.C., and Stadtmcn, T.C., 1973, Purification of protein components of the clostridial glycine

reductase system and characterization of protein A as a selenoprotein. Arch, Biochem, Biophys,

154: 366-381,

Van Vleet, J.F., Carlton, W., and Olander, H.J., 1970, Hepatosis dietetica and mulberry heart

disease associated with selenium deficiency in Indiana swine. J, Am. Vet. Med. Assoc. 157:

1208-1219.



References

Yickery, B.H,, Grigg, M.B., Goodpasture, J.C., Eergstrom, IL, Walker, K.A.M., 1986, Toward

a Some-day, orally administered male contraceptive, In Sole Contraception: Advances and

Future Prospects {Zatuchni, G.I., Goldsmith, A,, Spieler, J.M., Sciarra, J,J, eds.) pp. 271-

232, Harper and Ron, Philadelphia,

Vishwanath, R., and White, I.G., 1985, Dev. Growth Differ, 28(suppl.):65,

Wagner, R., and Andreesen, J.R., Selenium requirement for active xanthine dehydrogenase from

Clostridium ocidiurici, Arch, Microbiol, 121: 255-260,

Wahllander, A,, Soboll, S., and Sies, H.( 1979. Hepatic mitochondrial and cytosolic

glutathione content and the subcellular distribution of GSH-S-transferase, FE3S Lett. 97: HS¬

IAO,

Wallace, E, Calvin, H.I., Ploetz, K., and Cooper, G.W., 1987, Functional and developmental studies

on the role of selenium in spermatogenesis, In Proceedings of the Third International

Symposium on selenium in Biology and Medicine, AVI Pub. Co,, Westport, CT.

Wallace, E., Calvin, H.I. and Cooper, G.W,, 1985a, Progressive defects observed in mouse sperm during

the course of three generations of selenium deficiency, Gamete Res. A: 577-587.

Wallace, E,, Cooper, G.W., and Calvin, H.I., 1985b. Effects of selenium deficiency on the shape and

arrangement of rodent spe-rm mitochondria, Gamete Res, A: 589-599,

Waller, D.P., Niu, X.Y., and Kim, I,, 1986. Toxicology and mechanism of action of gossypol, In'

Male Contraception Advances and Future Prospects, (Zatuchni, G.I,, GoldSmith, A,, Spieler,

J.M., and Sciarra, J,J, eds.) pp. 185-200, Harper and Row, Philadephia.

Waller, D.P., Bunyapraphctsara, N., Martin, A,, Vournazos, C.J., Ahmed, M.S., Soejarto, D.D., Cordell,

G.A., and Fong, H.H.S., 1985, Effect of (+)-gossypol on fertility in male hamsters. J. Androl.

4:276-279.

Waller, D.P., Fong, O.S., Cordell, G.F., Soejarto, D.D., 1981, Antifertility e.ffects of gossypol

and its impurities on male hamsters. Contraception 25: 655-660.

Walss, A.C., Chan, B.G., Benson, M,, Lukefahr, M.J., 1978. J. Assoc. Off. Anal, Chem. 61: 1A6-1A9.

Wong, N., Zhou, L, Guan, M,, and Lei, H., 1987, Effect of (-)-and (+)-gossypol on fertility in

male rats, J. Ethnopharmacol, 20(1): 21-2A.

Wang, N.G., Lei, H.P., 1972. Antifertility effect of gossypol acetic acid on male rats. Papers

presented at 1st Natl. Conf, Male Antifertil, Agents, Sept., Wuhan, Republished 1979 in Rati.

Med, J. China 59: A02-A05.

Wang, Y.E., Luo, Y.D., Tang, X.C., 1972, Studies on the antifertility action of cottonseed meal and

gossypol, Papers presented at 1st- Natl. Conf, Mole Antifertil. Agents, Sept., Wuhan. Republished

1979 in Acta Phcrm. Sinica 1A: 662-669,

Wang, Y.F., Wu, M,Z,, Wang, Z.X., Gu, D.Q. Gu, J.Z., and Wu, Q.H., 1982, Quantitative histological

investigation of testes from normal adults and men infertile after taking raw cottonseed oil.

Reprod, Contracep. China 2A: 51-5A.

Wendel, A,, 1980, Glutathione Peroxidase, In Enzymatic Basis of intoxication. {J a k o b y eds,)

vol.1, pp, 555-555, Academic Press, New York,



References

Hendel, A,, end Kerner, B., 1977, Iodificction of rsd cell glutathione peroxidase by alkyl bolides,

Hoppe-Seyler's Z. Physiol. Chesi. 353, 1336 (Abstract).

Hhanger, P.O., and Heswig, P.K., 1575. Effects of selenium, chromium and antioxidants on growth,- eye

cataracts, plasma cholesterol and blood glucose in selenium deficient Vitamin E supplemented

rats. Nutr. Rep, Int. 12: 345-358.

White, 1.6., Vishwanath, R., Swan, M.A., and Brown-Hoodman, P.D., 1988. Studies of the mechanism of

action of gossypol as a male antifertility agent. Contraception 37(3): 269-277.

Wicnmann, K., Kapyaho, K., Sirnervirla, R., and Janne, J., 1983. Effect of gossypol on. the motility

and metabolism of human spermatozoa. J. Reprod, Fertil, 69:253-264.

Wilbur, A.E., 1986, The contraceptive crisis, Science Digest, Sept: 54-85

Hong, P.Y.D., Lee, Hi,, Tsang, A.Y.F., Fu, H.O., and Chen, Q.Q., 1983. Contraception 27: 391-400.

Hong, R.C., Nakagawa, Y. and Perlmcn, 6.E., 1972. Studies on the nature of the inhibition by

gossypol of the transformation of pepsinogen to pepsin. J. Biol. Chem. 247: 1625-1631.

Wright, P.L., and Bell, M.C., 1964. Selenium-75 metabolism in the gestating ewe and fetal lamb. J,

Nutr. 81: 19-57.

Hright, P.L., and Bell, N.C. 1966, Comparative metabolism of selenium and tellurium in sheep

and swine. Am. J, Physiol, 211: 6-10.

Hu, A.S.H., Oldfield, J.E., Shull, L.R., and Cheeke, P.R., 1979. Specific effect of selenium

deficiency on rat sperm. Biol, Reprod, 20: 793-798,

Hu, D. and Yu, Y., 1986. Superoxide free radical formation stimulated by (t),{+),(-) gossypol in rat

liver and kidney microsomes, Proc, CAMS and PUHC, 1: 150-156.

Hu, S.H., Oldfield, J.E., Huth, O.K., Hhanger, P.D., and Heswig, P.9.; 1969. Effect of selenium on

reproduction, Proc, Amer. Soc, Ann, Sci. 20: 85-89.

Hu, S.H., Oldfield, J.E., Hhanger, P.D., and Heswig, P.H., 1973, Effect of selenium, vitamin E, and

antioxidants on testicular function in rats. Biol. Reprod, 8: 625-629.

Hu, X.R., 1972, Study on the antifertility effect of cottonseed and gossypol. Papers presented at 1st

Natl. Conf, Male Antifertil. Agents, Sept., Huhan.

Huhon Ned. College, 1980. Assaying of mutagenicity of gossypol by Ames test. Acta Acad. Ned, Huhan

1: 87,

Xue, S.P., Zong, S.D., Su, S.Y., Hu, Y.H., Liu, Y., Zhou, Z.9., and Na, X.X., 1973, Antifertility

effect of gossypol on the germinal epithelium of the rat testis. A cytological,

autobiographical and ultrastructural observation, Presented at 2n(j Natl. Conf, Male

Antifertil, Agents, Aug., Oingdao, Republished 1980 in Sci. Sinica 23: 612-657.

Yao, K., Gu, Q., Lei, 9., 1987, Effect of(+)-, (+)-and (-)-gossypol on the lactate dehydrogenose-x

activity of rat testis. J. Ethnopharmacol, 20(1)': 25-29,

Yao, X.Y., 1981, Studies on the isolotion and the autifertility effect of (+)-gossypol. Reprod.

Contracep. China 2: 51-52,



References

Ye, S.JYon, Pl.K., end Shied, S.P., 1982. Dltrostructurcl observations on the genedotrophic ceils

of adenohypophysis and leydig ceil in gossypol treated rats, Acta Anat. Sinicc 13: 295-219,

Ye, Y.X., Zheng, Y.J., Yang, H.F., 1985. Effect of gossypol on ATPase activity and (H-ouabain

binding in kidney cortex membranes. Chin, J, Nucl. Med. 3:33m,

Young, V.R., Wahapetian, A., and Janghorbani, R,, 1982. Selenium bioavailability with reference to

human nutrition, Am. J. Clin. Nutr. 35: 1076-1088,

Zhang, H.J., Wei, Z.H., and Zhu, Y.Z., 1982. Determination of the mutagenicity of gossypol by Ames

test, Restricted publication.

Zhang, Y.G., Shi, Q.X., 1972, Antifertility effect of gossypol on male rots, Papers presented at the

1st Natl. Conf, Male Antifertil, Agents, Sept, Man. Republished 1930 in Zhejiang J. Red. 2:

56-57,

Zhang, Z.S., Pan, X.X., Wang, R.R., and Yao, Y.L., 1979, Dominant lethal mutagenic.effect of gossypol

in mole rat, Red, Industry 7: 20-22,

Zheng, D.K., Si, Y.K., Heng, J.K., Zhou, J., Huang, L., 1985. Resolution of racemic gossypol. J,

Chem, Soc, Chem, Commun, 22: 168-169,

Zhou, L.F., Chen, Q.Q., Wang-; N.G., and Lei, H.P., 1980. Experimental observations on long-term

administration of gossypol acetic acid. China Red. J. 60: 313-311.

Zhou, L.F., Lei, H.P., 1981, Recovery of fertility in rats after gossypol treatment, In Recent

Advances in Fertility Regulation. (Chang, C.F., Griffin, D., Woolman, A, eds.) pp. 117-151,

Geneva.

Zhuang, L.Z., 1981. Effect of gossypol on the growth and function of Leydig and stertoli cells in

culture, Biol, Reprod, 21 (Suppl. 1): 229.



appendix

APPENDIX A NOVEL METHOD FOR STUDYING DRUG-INDUCED CHANGES IN

SPERMATOGENESIS

la. Cell Separation by Sedimentation at Unit Gravity under BSA

Concentration Gradient

I. Introduction

Spermatogenesis involves the differentiation of spermatogonial cells into

primary spermatocytes, secondary spermatocytes, spermatids and eventually

to spermatozoa, where the differentiating cells exist in both the diploid

and haploid forms. Studies of the molecular events of differentiation of

spermatogenic cells have been complicated by the great number of

different cell types present.

In order to study the molecular mechanism of antifertility drugs, it is

necessary to develop a method to obtain a large quantities of enriched

populations of the various classes of spermatogenic cells at specific stages

of differentiation. Density gradient centrifugation, the most widely used

method in cells separation, cannot apply to separate spermatogenic cells,

since the differentiating cells differ only slightly in density and very

small changes in pH or salt concentration can completely changes the

buoyant densities found for different cell types.

However considering the great difference in size of the spermatogenic

cells, cell separation taken on basis of size is applicable. For a mixed

population of spherical cells falling through a fluid under the influence of

gravity, if the density difference between the cells is small, the cells will

sediment with different velocity depending primarily on the square of the

cells radius, hence separation can be achieved. Therefore if a thin layer

of cells is loaded on the top of a fluid-filled chamber and allowed to

sediment for a period of time, different enriched cell population can be
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obtained by unloading the chamber at the bottom in fractions.

To study the effect of gossypol on spermatogenic cell differentiation, a

method that combines the use of radioactive tracer and sedimentational

cell separation is developed.

II. Methods

The method involves injecting the experimental and the control animal

with the same substrate or precursor but each labelled with different

radioisotope. When these radioactive tracers are sufficiently incorporated

into the spermatogenic cells, the paired animals can then be sacrificed

and their testicular contents removed for cell separation.

A. Drug Treatment

Gossypol dissolved in corn oil was administered orally to male hamsters

(170-200g) with a dosage of 10 mgKgday (6 days per week) for a period

of 10 weeks. The control animals were force-fed with corn oil alone. At

the following times: 2 hours, 1 day, 9 days, 12 days, 15 days, 21 days,

and 26 days before sacrifice 5 uCi of 14C-Thymidine of specific activity

of 60 mCimmol and 10 uCi of 3H-Thymidine of specific activity 77Cimmol

was injected intratesticularly into the left testis of the gossypol treated

hamster and the control hamster respectively.



appendix

After the testis were decapsulated and the blood capillaries were carefully

removed, the seminiferous tubules were washed with PBS. The washed

tubles were sliced into short segments and about 7 ml of PBS was added.

The suspension was transferred to a centrifuge tube where it was pipetted

up and down through a Pasteur pipette for approimately 20 times. The

mixture was allowed to sediment for 5 minutes at unit gravity. The

bottom sedimented tubules was discarded and the upper cell suspension

was centrifuged at 500g at 4°C for 15 minutes. The cell pellet obtained

was resuspended in 0.5% BSA in PBS and diluted to 2.5 x 10® cellsml in

0.5% BSA in PBS.

C. Cell Separation in the Sedimentation Chamber

The experimental set-up for spermatogenic cell separation was shown in

fig. 1. 14 ml of 3H-thymidine labelled spermatogenic cells from the

control hamster was mixed with the same amount of 14C-thymidine

labelled spermatogenic cells from gossypol treated hamster. 28 ml of the

mixed cell suspension was injected into the bottom of the separation

chamber followed by generation of a BSA gradient (1-3%) ascendingly.

After 3 hours of sedimentation, 42 fractions were collected in 11.4 ml and

the fractions were filtered separately on the Whatman GFB glass fiber

filters. The cells remained on the filter were washed with PBS and

treated with 5% TCA and 95% ethanol. The acid insoluble activity on the

filters were counted with the liquid scintillation counter.
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Fig. 1 Experimental set-up for spermatogenic eel separation by velocity
sedimentation.
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Before the study of gossypol action, the effectiveness of the system

was checked by counting the number of cells with different sizes in each

fractions and determining the cell type being incorporated 2 hours

postinjection with 3H- thymidine.

III. Result

The distribution of cells with different size in the fractions collected was

shown in fig.2. The incorporation of the 8H-thymidine into the

spermatogonia 2 hours postinjection was also depicted in the same figure.

It is obvious that the method used is effective for separating

spermatogenic cells basis on the cell size. Radioactivity profiles of

spermatogenic cells from control and gossypol treated hamster was

depicted in fig. 3. It appears that the kinetics of spermatogenesis are

interfered by gossypol. Gossypol causes a shift in the

spermatogoniapreleptotene peak (around fraction 31) 1 day after injection,

a shift in pachytenesdiplotenes peak (around fraction 9) 9 days after

injection and a retention of pachytenesdiplotenes peak 12 days after

injection. Moreover, there have no more difference between control and

gossypol treated groups from 15 days to 26 days after injection.

IV. Conclusion

The difference in the distribution of the tracer activity in the treated

hamster from that of the control indicated an obserable morphogenic effect

of the drug rather than an aretefact of BSA column separation. This

method has been used successfully in demonstrating that gossypol, a

potential male contraceptive, has an effect in interfering with the

kinetics of the developmental steps in hamster spermatogenesis.
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Fig.2 (A) Sedimentation profiles of radioactivity labelled hamster spermatogenic cells.

Hamster were sacrificed 2 hours after intratesticular injection of 0.07 uCig body wt.

%- thymidine. (B) Percentage of large round cells, i.e. late pachytenes and diplotene

cells medium round cells, i.e. spermatids small round cells, i.e.

spermatogonia and primary spermatocytes spermatozoa in different fractions

collected.
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Fig. 3 Gossypol effect on the kinetics of the developmental steps ii

hamster spermatogenesis. Radioactivity profiles of spermatogenic celli

frnm possvdo! treated (10 meKsdav for 10 weeks

hamster are shown. (A) 2 hours, (B) 1 day, (C) 9 days, (D) 12 days,

(E) 15 days, (F) 21 days, (G) 26 days after intratesticular injection

of -thymidine (0.07 ,'uCig body wt.) and 14C-thymidine (0.02 uCig body

wt.) into the control and gossypol treated hamster respectively. It

appears that the kinetics of spermatogenesis are interfered by gossypol.

Gossypol causes a shift in the spermatogonia preleptotene peak 1 day

after injection, a shift in pachytenes diplotenes peak 9 days after

injection and a retention of pachytenes diplotenes peak 12 days after

injection. Moreover, there have no more different between control and

gossypol treated groups from 15 days to 26 days after injection.
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lb. A Modified Method Using EDTA Concentration Gradient Rather Than

BSA Concentration Gradient

I. Introduction

In velocity sedimentation, the sole function of the concentration gradient

is to prevent convection and mixing of the adjacent cell band during

loading and unloading of the sedimentation column. The density of the

gradient solution should be much smaller than that of the cells so that

the sedimentation velocity would not be highly affected. Also the

gradient solution used cannot affect the osmotic pressure, of the cells.

BSA concentration gradient can fulfill all these requirements, however the

protein nature of it inhibit the application of the method in enzymatical

study, since the specific activity of the enzyme cannot be found without

the information of the cell protein content. The high price of BSA also

prevent its application as a routine procedure in the laboratory. So

effort has been paid to investigate chemicals that can replace BSA in the

cell separation. The study of EDTA as the gradient material are

presented in the following pages.

II. Method

Method used in preparation of the cell suspension and cell separation is

the same as appendix la except 10-30 mM EDTA is used instead of 1-3%

BSA in generation of the gradient. The effectiveness of EDTA gradient in

separating the spermatogenic cells was checked by counting the number of

different cell types in different fractions and the compare the change of

the incorporation pattern with time with that of the the method using BSA

as the concentration gradient. The time period chosen for this comparsion
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was 9 days and 12 days after intratesticularinjection of 0.07 uCig body

wt. of 3H-thymidine. Since a typical shift in the labelled peak of late

pachytenes and diplotene cells to spermatids were found during the period

of 9 to 12 days.

In order to see whether the method is applicable in enzymatic study of

the differentiating cells in the male gonad, the specific activty of LDH

total and LDH-X enzyme in different cell fractions were also determined

in normal adult hamsters.

III. Result

The percentage of different cell types in the fractions collected were

shown in fig.4. The light micrograph shown in Fig.5 depicted the

dominant cell type in different fractions. It is obvious that different

enriched cell population can be obtained by using EDTA as the

concentration gradient. The shift of the radioactive peak in the

radioactivity profile from 9 days to 12 days of incorporation was shown in

fig.6. This changes may due to the differentiation of primary

spermatocytes (greatest in size) to spermatids (medium in size), so the

radioactivity peak shift from the lower fraction to the upper one. This

pattern of change is the same with that of the method using BSA as the

concentration gradient. The result of LDH-total and LDH-X specific

activities determination in different cell fractions was shown in fig.7.

The spermatogonia enriched fraction (around fraction 31) was shown to

have the lowest enzyme activity. The cells following the spematogonia in

the developmental pattern are primary spermatocytes, secondary

spermatocytes and spermatids (fraction 4 to 24), and the enzyme activity
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of these cell types seems to double that of the spermatogonia. The final

stages in the spermatogenesis is the spermatozoa, and the enzyme activity

of this cell type seems to triple to the that of the spermatogonia. There

are no difference between this relative changes in the enzyme activities

between LDH-total and LDH-X. This result is consistent with the finding

that LDH-X activities of the spermatogenic cells is sequential -increased

during the spermatogenesis.

IV. Conclusion

EDTA can be used instead of BSA in generating the gradient for cell

separation by velocity sedimentation. The method can be further

extended to study particular stages in the developmental process by

studying radionucleides which are known to incorporate only at a

particular stage. The method, as a whole provides a means not only to

study physical cell demage but also biochemical changes induced by the

drug during spermatogenesis.
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Fig.5 Micrographs shewing different enriched population of hamster spermatogenic cells.

(A) spermatozoa frcm fraction) 37, (B) spermatogonia and early primary spermatocytes frcm

fraction 33, (C) spermatids from fraction 24, (D) secondary spermatocytes frcm fraction

17, (E) late pachytenes and diplotene cells frcm fraction 11.
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Fig.6 Radioactivity profiles of spermatogenic cells from hamsters which were injected
intratesticularly with thymidine. (A) incorporation for 9 days, (B) incorporation for

12 days. The cell separation were performed under EDTA concentration gradient.
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Fig. 7 The relative specific enzyme activities of LDH-total

different cells fractions. Sequential increased in the enzyme activities was shown with

the spermatogonia in fractions around 30 contain the least, and the spermatozoa in

fraction around 38 contain the greatest.






