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ABSTRACT

THE INFLUENCE OF AN ANTIESTROGENIC COMPOUND ON POSSIBLE

ALTERED SEXUAL DEVELOPMENT AND REPRODUCTIVE PERFORMANCE OF

SWINE INDUCED BY IN UTERO AND LACTATIONAL EXPOSURE TO

ZEARALENONE

BY

Han-Hua Yang

Tamoxifen was administered to gilts to determine whether

it could counteract the detrimental effects of zearalenone

(ZEN). Four groups of twelve gilts were individually fed

diets containing 2 ppm ZEN, 10 ppm tamoxifen, or 2 ppm ZEN

plus 10 ppm tamoxifen or a control diet starting on day 30 of

gestation through lactation. Reproductive performance of sows

was not affected by ingestion of ZEN and/or tamoxifen.

However, there was a tendency for smaller ovaries and larger

uteri in both the sows and the female offspring when compared

to controls with the effect being more pronounced in the

combination group. Puberty was delayed in the male offspring

of gilts exposed to ZEN during gestation and lactation but

there was no significant effect on subsequent reproductive

performance.

The relative estrogenic effect of ZEN and tamoxifen were

investigated by determining their binding affinities to

porcine uterine estrogen receptor. The data indicated that

the relative binding affinity of ZEN was greater than

tamoxifen.
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INTRODUCTION

In recent years, the occurrence of estrogenic substances

in food products has received increasing attention because of

speculations concerning their possible etiological role in

outbreaks of certain toxicoses. The presence of mycotoxins

such as zearalenone (ZEN) in edible plants (Stob, 1983; Price

and Fenwick, 1985) could constitute potential sources of

estrogenic exposure for both man and animals. The

contamination of feed by ZEN resulting in hyperestrogenism has

long been a problem in animal husbandry (Mirocha and

Christensen, 1974).

The pig is one of the most sensitive species to ZEN

toxicity. Typical signs of hyperestrogenism are prolonged

estrus, anestrus, changes in libido, infertility, increased

incidence of pseudopregnancy, increased udder or mammary gland

development, and abnormal lactation (Mirocha and Christensen,

1974; Etienne and Jemmali, 1982). Stillbirths, abortions,

mastitis, vulvovaginitis, and rectal or vaginal prolapses are

secondary complications associated with ZEN ingestion (Sundlof

and Strickland, 1986). The reproductive disfunction in pigs

has been estimated to cost £25 million annually in the United

Kingdom (Anon, 1975) . Therefore, problems of infertility

1
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caused by ZEN in livestock are a serious economic problem in

many parts of the world.

Some.previous studies had addressed the possible effects

of in utero and lactational exposure to this estrogenic

compound on subsequent reproductive development. It has been

shown that newborn female mice injected with ZEN developed

ovary-dependent reproductive tract alterations.(Williams et

al., 1989) while rats displayed persistent anovulatory estrus

in adulthood (Kumagai and Shimizu, 1982). Gray et a1. (1985)

demonstrated that neonatal female hamsters injected with ZEN

were masculinized but not defeminized, indicating an

alteration of brain differentiation by early exposure to an

estrogenic compound. When male mink were exposed to low

levels of ZEN in utero and during lactation, they were less

likely to:mate than control males. .Also, there is evidence of

morphological alterations in a sexually dimorphic nucleus of

the preoptic anterior hypothalamus in these male mink

(Aulerich et a1., 1991). Such effects, however, have not.been

examined in the species most sensitive to ZEN, the pig. It is

possible that low level in utero and lactational exposure to

ZEN influences subsequent sexual development in the pig and

could have a significant economic impact on the swine

producer.

Since ZEN exerts its effects by the binding of it and its

metabolites to estrogen receptors, it is possible that the

adverse effects of this mycotoxin on sexual development could
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be prevented by the addition of an antiestrogen to the diet.

Tamoxifen, a triphenylethylene derivative, has been shown to

be a complete estrogen antagonist in male humans and chickens

(Patterson, 1981) and as such improved sperm count in humans

(Willis et' a1., 1977) and stimulated ‘testes growth. and

precocious spermatogenesis in cockerels (Rozenboim et a1. ,

1986).

Therefore, the objectives of this study were (1) to

determine if in utero and lactational exposure to the

estrogenic mycotoxin ZEN influence sexual development of the

pig, (2) to determine if inclusion of an antiestrogenic

compound (tamoxifen) in the diet would prevent or ameliorate

the effects of dietary ZEN in swine, and (3) to determine the

relative binding affinities of ZEN and tamoxifen to porcine

uterine estrogen receptors.



LITERATURE REVIEW

1. REPRODUCTION.AND SEXUAL BEHAVIOR IN SWINE

A. The relale

Anatomy of The Reproductive Tract

The reproductive tract of the female pig includes the

ovaries, the oviducts, the uterus consisting of the body and

two uterine horns, the cervix, the vagina, and the vulva. The

ovaries are lobular, owing to follicles in varying stages of

development. They vary in weight from 3 to 7 g and in

diameter from 2 to 4 cm (Boda, 1959). There may be 10-25

individual mature follicles, each 8-12 mm in diameter. The

uterine horns are long and tortuous to accommodate numerous

developing fetuses.

Puberty and Estrus Cycle

Puberty (onset of the estrous cycle) may occur at 6 or 7

months of age. Breed is an important factor in the onset of

first estrus. The estrus cycle of the gilt is normally 21

days in duration with 18 to 24 days considered within the

normal range. The day of heat is usually counted as day 0.

Estrus cycles occur throughout the year with no obvious

seasonality.

The cycle can be divided into proestrus, estrus, and

diestrus. During proestrus (1-3 days), females are alert to

the approach of the boar, will mount other females, and accept

mounting by diestrus females. However, the female will not

tolerate mounting by a boar during this period. During
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estrus, the swollen vulva and vaginal discharge first observed

during late proestrus are accompanied by restlessness,

mounting of other animals, frequent mounting by other females,

and frequent urination. This swollen and redden vulva is

apparently due to the secretion of estrogen by developing

follicles. When pressure is applied to the back or rump, the

animal takes on a rigid stance and has a characteristic ear

carriage. The external signs of estrus may last for a period

of 3 to 4 days or longer, but the female will mate only for a

period of 2 to 3 days (Webel, 1978).

ovulation

Ovulation usually occurs on the second day after the

onset of estrus. The mean number of eggs ovulated increases

from 8‘to 10 at the first postpubertal heat to 12 to 14 at the

third heat. Sows will ovulate 15 to 20 eggs. Although the

mechanism of ovulation is not completely understood, it is

closely governed by delicate interactions among hormones of

the pituitary gland, ovary, and uterus. Plasma progesterone

concentration rises gradually for the first 10 days after

ovulation and the peak lasts for 4 to 5 days. By day 16,

progesterone concentration. declines precipitously in the

course of a 48-hour period and remains low for 4 or 5 days

until the next ovulation (Stabenfeldt et a1., 1969). Estrogen

rises during the follicular phase, triggering a peak of

luteinizing hormone (LH) at the onset of estrus (Hansel et

a1., 1973). Ovulation occurs about 40 hours after the LH
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surge. Corpora lutea regress and follicles begin development

near day 15 post-ovulation in a nonpregnant gilt. During the

luteal phase, estrogens are very luteotropic. .Administration

of estrogen will prolong the life of the corpora lutea for

several weeks (Long et a1., 1988).

After ovulation, the epithelial cells of the oviduct and

uterus rapidly hypertrophy and become high columnar-type cells

by the end of the first week following ovulation (Steinbach

and Smidt, 1970). About 10 days after ovulation, the columnar

epithelium persists and the invasion of eosinophilic

leukocytes is at its peak. If conception does not occur, the

surface epithelium again reverts to the low columnar cell-type

after day 10 and the eosinophilic leukocytes disappear.

In approximately 21 days, the cycle repeats itself. The

vaginal epithelium increases in height at estrus (Steinbach

and Smidt, 1970) and then progressively decreases to a minimum

at day 12 to 16 of the cycle. The superficial layers begin to

slough at about the fourth day and this process continues to

day 16. Leukocytes invade the epithelium during late diestrus

and reach a maximum just after estrus.

Gestation and Perturition

The gestation period of swine averages about 114 days

‘with a range of 109 to 120 days. Embryos at the four-cell

stage are moved through the oviduct into the uterus at about

48 hours after ovulation. At about day 9, embryos reach the

uterine body, where they continue to move into the horn
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opposite from the one of origin and finally implant (Dziuk et

a1., 1964). It is common to have a 30-40% loss of developing

young between the first and 114th day of gestation. More than

half of these losses occur during the first 25 days (before or

shortly after implantation). Hummified fetuses also account

for a surprisingly large total" Host.mummified fetuses are at

least 50 mm long and often nearly full term. Hummified

fetuses are more prevalent in large than in small litters.

About 5 to 10% of fully formed fetuses are stillborn

(Sprecher et a1., 1974). This may be because their lungs have

not inflated during the birth process. Stillborn piglets are

not the small runts, but often the larger fetuses. A greater

percentage of fetuses are stillborn in litters larger than 14

and smaller than 5. Host stillbirths in large litters occur

when the interval between births is extended, and when the

fetuses are located in the tip of the uterus (Dziuk, 1991).

Thus, the litter size is limited. by 'the number' of ova

produced, by the percentage of fertilization, by the uterine

space for embryos, and by the number of prenatal deaths and

stillbirths.

B. The Hale

Anatomy of The Reproductive Tract

The reproductive tract of the boar is comprised of the

testes, epididymides, and accessory organs. The testes

produce the spermatozoa and the male sex hormone testosterone.

The spermatozoa pass from the testis into the epididymis where
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they acquire the capacity for fertilization and motility and

are then stored there. The main accessory sex glands in the

male are the seminal vesicles, the prostate, and Cowper's

glands (also known as the bulbourethral glands), all of which

produce secretions which contribute to ejaculated semen.

Puberty

Sexual maturity in the boar is a gradual process in which

sperm production and sexual desire begin concurrently in

increasing intensity at about 4 months of age. Under the

continual influence of androgens, the various components of

male sexual behavior develop with the production of seminal

fluids and sperm. In general, boars reach puberty at about

125 days of age. Spermatozoa are found in the testes,

however, there may be a further delay before they are capable

of fertilizing ova. Mounting activity occurs as early as 4

months of age, but sequential patterns of sexual behavior

culminate after 5 months. The first ejaculation occurs at 5

to 8 months of age, but the volume and percentage of normal

sperm are less than in ejaculates from mature boars. The boar

does not reach mature size until more than 1 year of age.

From.40 to 250 days of age, the paired.testes weight increases

markedly. The number of spermatozoa and the semen volume

continue to increase during the first 18 months of life

(Anderson, 1987). Therefore, the size of the testis tends to

increase proportionately with total body size and is directly

related to total sperm output (Pond and Haner, 1984).
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Sexual behavior of males has been described by Houpt and

Wolski (1982). It includes phases of courtship, mounting,

intromission and ejaculation. When in contact with an estrous

gilt, the boar will pursue the female and attempt to nose her

sides, flanks, and vulva. Tactile stimulation of the female

continues and increases in intensity as the boar's sexual

excitement increases. The boar usually .emits urine

rhythmically and pheromones in the urine may further increase

the female's willingness to stand. Several mounting attempts

may be made until the female becomes immobile, after which

mounting and intromission follow rapidly. The duration of

copulation is 3 to 20 minutes or longer (Signoret et a1.,

1975).

Composition of Semen

The total composition of semen is a reflection of the

secretions from the accessory sex glands as well as from the

testes. The composition of a single ejaculate is conveniently

divided into three components: (1) the pre-sperm fraction

which is often high in bacterial contamination and contains

primarily secretions of the accessory sex glands; (2) the

sperm-rich fraction which contains the largest concentration

of sperm and contributes the largest volume; (3) the post-

sperm fraction which consists mainly of gelatinous material.

The total volume of semen obtained in a single ejaculate is

affected by the size of the boar and the frequency of semen

collection. There is a sizable increase in total semen volume
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between initial semen collection at puberty and at 1 year of

age.

Total volume of the ejaculate and the total number of

sperm produced may be influenced by many factors, e.g., age,

season, social.environment, nutrition, breed, testis size, and

frequency of collection (Cameron, 1985; Colenbrander and Kemp,

1990). In general, however, the normal ejaculate of the

mature boar will average 200 to 250 ml and will average 40 to

50 X 10’ spermatozoa which amounts to 200 to 250 X 10‘ cells

per ml of whole strained semen (Herrick and Self, 1962).



II. THE GENERAL CONCEPTS OF ESTROGEN ACTION

Estrogen Biosynthesis

Estrogens are regarded as the primary female hormones.

It is believed that the thecal cells in the ovary are the

major sites of estrogen production which predominates during

the follicular phase of the estrus cycle. During pregnancy,

the feta-placenta is an additional source of estrogens

(Diczfalusy and Troen, 1961; Villee, 1969). .The adrenal

cortex in both males and females (Baird et a1., 1969; Saez et

a1., 1972) and the male gonads (Longcope et a1., 1972) also

produce considerable quantities of estrogens from steroid

precursors. Furthermore, the ability of the brain to

aromatize androgens is a major source of estrogens in the male

and postmenopausal female (Reddy et a1., 1974). The pathways

shown in Figure 1 have been established as the principal

routes of estrogen biosynthesis (Ryan and Smith, 1965).

Metabolism

Estrogens are secreted and distributed very rapidly in

the circulation from their sites of production throughout the

body. An important step in estrogen metabolism is

hydroxylation to more polar molecules. Estradiol is readily

oxidized to estrone within the liver and estrone may be

further hydrated to estriol (Breuer, 1962). Estriol makes up

the largest fraction of estrogens which appear in the urine.

Hydroxylation of the estrogens at the C-2 position gives rise

to 2-hydroxyestrogens. These hydroxylation products, also

11
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known as catechol estrogens, form a significant component of

the urinary estrogens (Ball et a1., 1975). The brain,

particularly the hypothalamus, is also able to metabolize

estrone and estradiol to catechol estrogens (Fishman and

Norton, 1975) . The decisive metabolic step for estrogen

elimination is esterification with glucuronic or sulfuric acid

to water-soluble conjugates. The liver plays the most

significant role not only in the hydroxylation but also in the

conjugation of estrogens. The estrogen conjugates are

excreted for the most part as glucuronides in the urine

(Breuer et a1., 1969).

Mechanism of Action

Only a small percentage of the circulating estrogen is

present in the free form with the majority being bound to a

specific plasma protein, a B-globulin (Rosenbaum et a1.,

1966). This protein binds both androgens and estrogens with

different affinities and is designated sex hormone binding

globulin (SHBG) (Mercier-Bodard et a1. , 1970) . The binding is

reversible, but it is strong enough to prevent the bound

hormone molecule from passing into the cells of the target

organ and there exerting an effect. Therefore, only the free,

non-protein-bound estrogen fraction is biologically active.

0n the other hand, the protein binding protects the hormone

molecule from rapid metabolism (Vermeulen et a1., 1969).

The unoccupied estrogen receptor (no estrogen ligand) is

thought to be a nuclear protein bound to nuclear components by
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low affinity interactions. Estrogens are lipophilic and

therefore can diffuse through cell membranes, cytoplasm, and

nuclear envelope to interact with the nuclear receptor. As a

result of this interaction, rapid changes occur in. the

conformation of the receptor protein. These conformational

changes result in new physical properties, including a higher

affinity for nuclear components which. prevents low’ salt

extraction of the transformed estrogen-receptor complex. The

nature of the interaction between the estrogen-receptor

complex and the nucleus is still unknown but nuclear

components involved could include chromatin proteins, the

nuclear matrix, DNA, or various combinations of these. Two

potential pathways have been proposed (Figure 2): (1) the

receptor complex is eventually destroyed within the nuclear

compartment and the sensitivity of the tissue is maintained by

re-synthesis of receptor in the cytoplasm (Sarff and Gorski,

1971) and (2) the ligand (estrogen) dissociates from the

complex in the nucleus and the free receptor re-partitions to

the cytoplasmic compartment to bind more ligand (Kassiss and

Gorski, 1981). Currently, the estrogen receptor is believed

to be located in the nucleus of cell as demonstrated by King

and Greene (1984) and McClellan et a1. (1984) by

immunocytochemistry in a variety of target tissues and cells.

Welshons and coworkers (1984) investigated the subcellular

distribution of unfilled estrogen receptor using cytochalasin

B-induced enucleation also indicating that the unoccupied
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Figure 2. A and B, models for the subcellular mechanism of

estrogen (E) action. E dissociates from plasma

proteins (P) and diffuses into target tissue cells.

E binds to estrogen receptors (R) in the cytoplasm

(model 1) or the nucleus (model 2). The estrogen

receptor complex (ER) is activated (it)

(transformation) before initiating the events

associated with estrogen action: activation of RNA

polymerase and subsequently protein synthesis and

DNA polymerase and cell division (Jordan, 1984).

Model 2 is currently more accepted as a description

of estrogen mechanism of action (King and Greene,

1984; McClellan et a1., 1984; Welshons et a1.,

1984).
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estrogen receptor is predominantly nuclear in the intact cell.

They further proposed that in the intact cell, there is no

nuclear translocation of receptor as part of the steroid

response, but rather an increase in receptor affinity for

nuclear element. These issues still require further

investigation. However, it is clear that estrogen binding to

the receptor causes increased rates of transcription of a

variety of genes, depending upon the respective target cell

(Gorski et a1., 1986). The initiation.of these nuclear events

by estrogen.results in an increase inlwhole‘uterine lipid, RNA

(via activation of RNA polymerase) (Gorski, 1964) and proteins

(Aizawa and Mueller, 1961) , and finally triggers DNA synthesis

and cell division (Kaye et a1., 1972).

Physiological Roles of Estrogen

Estrogens are found in both females and males and can be

demonstrated in an active form in both sexes. However, they

exert their main effects on the primary and secondary female

sex organs. Estrogens produced during pubertal maturation in

the female are responsible for growth and development of the

vagina, uterus, and oviducts, organs essential to ovum

transport and zygote maturation and implantation of the

conceptus. Mammary growth and development is also initiated

by the actions of estrogens in concert with other hormones.

Estrogens acting on specific nuclear sites within the brain

affect the libido which is usually first evidence in the

adolescent female. Other physiological actions of estrogens
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are summarized in Table 1 (Hadley, 1988).

Nonsteroidal Estrogens and Antiestrogens

A number of nonsteroidal compounds possess estrogenic

activity such as diethylstilbestrol (DES), plant estrogens,

and some estrogenic pesticides. The major plant estrogens

include: (1) coumestans (coumestrol) , ( 2) isoflavones

(genistein and daidzein), and (3) resorcylic acid lactones

(zearalenone) which are more correctly classified as fungal

estrogens (Price and Fenwick, 1985). Nelson et a1. (1978)

showed that chlorinated pesticides, such as the o,p isomer of

DDT, methoxychlor and kepone have estrogenic activity as

determined by the rat uterine weight assays. Thus, these

compounds can now be classified experimentally as estrogen

agonists or partial agonists.

Some compounds possess antiestrogenic activity.

Triphenylethylene derivatives such as tamoxifen and estrogens

with a rapid dissociation rate from the estrogen receptors

like dimethylstibestrol (DMS) function as such (Jordan, 1984) .

Antiestrogens, through competition for estrogen receptors, may

prevent endogenous estrogens from initiating full expression

of their effects in their target tissues. By this action they

antagonize a variety of estrogen-dependent processes, such as

uterine growth and negative feedback to the hypothalamus.

Nonsteroidal estrogens may exert their biological effect

through. an interaction. with. receptor* proteins in target

tissues, with the subsequent induction of protein synthesis
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TABLE 1. THE PHYSIOLOGICAL EFFECTS OF ESTROGENS IN MAMMALS

 

 

Primary site of action Physiological action

CNS Maintains libido and sexual behavior

Pituitary Has negative and positive feedback

effects on gonadotropin secretion

Increases pituitary TRH receptors

Increases pituitary GnRH receptors

Increases oxytocin production

Ovary Required for ovum maturation

Vagina Causes proliferation and cornification

of the mucosa

Oviducts Causes growth and development in

preparation for gamete transport

Uterus

Cervix Increases mucus secretion

Endometrium Increases blood flow

Increases number of oxytocin receptors

at term

Causes decidualization response

Myometrium Synthesizes contractile proteins of

smooth muscle cells

Increases membrane excitability

Increases sensitivity to oxytocin

Mammary glands Causes ductule and stromal growth and

development and fat accretion

Skin Induces sebaceous gland secretion

(thinner fluid)

Stimulates axillary and pubic hair

growth

General body effects Causes H20 and Na“ retention, weight

gain, and female type of fat

distribution

Maintains bone mineral deposition

Liver Causes hepatic angiotensinogen

production

Causes hepatic production of thyroid

binding globulin

Blood Decreases plasma cholesterol formation
 

Adapted from Hadley (1988).
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(Kawabata.et a1., 1982). The interaction.of ZEN'and tamoxifen

with estradiol binding sites on the calf uterus has been

described (Kiang et a1., 1978). Kiang and coworkers (1978)

demonstrated that ZEN and tamoxifen can compete with estradiol

for binding with cytosol estrogen receptors, in which the

relative binding affinity of 17B-estradiol, ZEN, and tamoxifen

to receptors was approximately 10:1:0.3, respectively. As the

result of differences between binding affinity and biological

activity, and a longer retention in the nucleus (Koseki et

a1., 1977), tamoxifen.is used as antiestrogen in the treatment

of advanced breast cancer (Kiang and Kennedy, 1977).



III. THE NYCOTOXIN ZEARALENONE AND ITS EFFECTS ON SWINE

Chemical Properties

Zearalenone (ZEN), a non-steroidal estrogenic compound,

is chemically described as 6-(10-hydroxy-6-oxo-trans-1-

undecenyl)-8-resorcylic acid lactone with the molecular

formula CanOy. ZEN is a white, crystalline compound with a

melting point of 164-165°C (Cole and Cox, 1981). ZEN is

insoluble in water (0.002 g/100 ml), carbon disulfide, and

carbon tetrachloride, but it is slightly soluble in n-hexane

and progressively more soluble in benzene, acetonitrile,

methylene chloride, methanol, ethanol, and acetone (Hidy et

a1., 1977). The chemistry of ZEN and its derivatives (Figure

3) has been reviewed by Shipchandler (1975) and by Pathre and

Mirocha (1976).

Occurrence and Potentiation Factors

ZEN is not an intrinsic component of food plants but it

is a secondary mold.metabolite of fungal species, principally

Fusarium roseum (graminearum) which is a common field organism

(Caldwell et a1., 1970; Eugenio et a1., 1970; Abbas et a1.,

1984). FUsarium roseum is the most important corn ear-rot

fungus, and it also causes kernel rot in storage. ZEN

production does not seem to occur in significant amounts prior

to harvest, but under proper environmental conditions, it is

readily produced on corn and small grains in storage. During

storage, alternating low and moderate temperatures are

necessary for production of this toxin. Temperatures between

20



21

 
I‘m '0.”

(II) (III)

on 0 04;

HO

OH

(IV)

 

(V)

Figure 3. Chemical structures of zearalenone (I), a-zearalanol

(II), o-zearalenol (III), B-zearalanol (IV), and 8-

zearalenol (V).
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53-57°F and moisture content of 23% or above induce the

enzymes involved in biosynthesis of this toxin and optimum

production occurs at 81°F (L'vova et a1., 1981).

ZEN production is correlated with plant density, soil

fertility, insect damage, cool and damp weather conditions,

mechanical damage during harvest, and improper storage

conditions (Mirocha et a1. , 1977; Sutton et a1. , 1980; Montani

et a1. , 1988) . The Fusarium fungi may die or be destroyed and

be absent in the toxic feed sample. However, since ZEN is

fairly stable to heat and other detrimental factors, the

mycotoxin may remain in the feed unaltered for long periods of

time (Mirocha et a1., 1971) . Therefore, the presence or

absence of Fu$arium mold in a sample of feed at a given time

has little or no relationship to the presence of ZEN in that

sample (Nelson et a1. , 1970) . Presence of ZEN in a variety of

grains and feeds has been reviewed by Bennet and Shotwell

(1979) and Kuiper-Goodman et a1. (1987).

Metabolism

ZEN is ingested by swine and appears to be fairly rapidly

absorbed through the gut into the circulatory system following

oral administration (Dailey et a1., 1980; Olsen et a1.,

1985a) . ZEN can then be transported to both insensitive

tissues and sensitive target tissues where it exerts

estrogenic effects, or it can be transported to the liver

where it is reduced and/or converted to a more soluble

glucuronide form. The main metabolites of ZEN are the
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epimeric a- and B-zearalenols (Shipchandler, 1975). ZEN and

its metabolites are excreted in the urine mainly as

glucuronide conjugates (Mirocha et a1., 1981; Olsen et a1.,

1985a). According to Hidy et al. (1977), the major route of

excretion for most species is via the feces and urine

directly, and.the feces indirectly via the bile» On the.basis

of work with 3 sows, Vanyi et a1. (1983) found that the major

route of excretion of ZEN and metabolites (as glucuronide

conjugates) is the feces.

When rats ingested diets containing 250 ppm ZEN, about

50% of the compound was absorbed from the intestine into the

systemic circulation (Smith, 1980). Once absorbed and in the

systemic circulation, ZEN becomes associated with.hydrophobic

regions of serum albumin and sex hormone-binding globulins

(Martin et a1., 1978) as ZEN is essentially insoluble in

aqueous solution. When ZEN is spontaneously dissociated from

carrier proteins and diffuses through capillary cells into the

liver, it is metabolized along 2 major pathways (Kiessling and

Pettersson, 1978; Mirocha et a1., 1981; Olsen et a1., 1981;

Bock et a1., 1987):

1. zearalenone 3 o-hydroxysteroid.dehydrogenase: a-zearalenol

+ --------------------------------> +

NADH or NADPH NAD+ or NADP+

2 . zearalenone UDP-glucuronosyl- zearalenone-glucuronic

(a-zearalenol) transferase isoenzymes acid conjugate

+ ---------------------->

glucuronic acid

Absorption and metabolism of ZEN are rapid processes.
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Plasma concentrations of ZEN metabolites were measured in a

gilt following oral administration of ZEN at a dose of 192

ug/kg b.w./day for 4 days (Olsen et a1., 1985a). Detectable

concentrations of ZEN, present as a glucuronide conjugate,

were found as early as 30 min after the start of feeding and

traces were found until the fifth day after feeding had been

discontinued. A reduced metabolite, a-zearalenol, was also

conjugated to glucuronic acid and was found in the plasma in

amounts exceeding ZEN by 3-4 times. B-Zearalenol was also

formed but in much lesser amounts (Olsen et a1., 1985a).

Considerable differences between species exist in the ability

to reduce ZEN (Olsen and Kiessling, 1983; Pompa et a1. , 1986) .

Of note is that of five species examined, swine have one of

the greatest abilities to form the more highly estrogenic o-

zearalenol (Olsen et a1., 1985b).

Mechanism of Action

The exact mechanism by which ZEN adversely affects

reproduction has not been determined. However, zearalenone,

zearalenol and zearalanol bind to mammalian estrogen receptor

sites because of their chemical similarity to estradiol (Hurd,

1977). It is known that free ZEN diffuses through plasma

membranes and binds to estrogen receptors (ER) in reproductive

and other sensitive tissues. The ER is associated with the

nuclear membrane and contains hormone- and DNA-binding domains

(Koike et a1., 1987) . Subsequent translocation of the ZEN-ER

complex into cell nuclei initiates expression of specific
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genes which cause an "estrogenic response". ZEN and its

metabolites compete with 178-estradiol and bind specifically

to hepatic (Powell-Jones et a1. , 1981) , uterine (Kiang et a1. ,

1978; Katzenellenbogen et a1., 1979; Greenman et a1., 1979),

mammary (Boyd and Wittliff, 1978) and hypothalamic ER

(Kitagawa et a1., 1982).

ZEN and its metabolites have different affinities for the

ER. When measured by competitive or direct binding assays

using rat uterine cytosol receptors, the relative binding

affinities are 17B-estradiol > a-zearalanol > a-zearalenol >

B-zearalanol > zearalenone > Brzearalenol (Tashiro et a1.,

1980) . ZEN and zearalenol are weak estrogens and like

estradiol cause inhibition of the hypothalamus and anterior

pituitary resulting in atrophy of the ovaries, testes,

prostate and seminal vesicle. It has been suggested (Ueno and

Tashiro, 1981) that the estrogenic effect of ZEN is due to its

metabolism to zearalenol, and may be partly and secondarily

related to inhibition of steroid metabolism (Olsen, 1985).

The relative binding affinity of a-zearalenol was greater in

the pig than in the rat and significantly greater than in the

chicken. Thus, interspecies differences in ZEN sensitivity

may be due to the binding affinity of o-zearalenol for

estrogen receptors and differences in ZEN metabolites formed

(Fitzpatrick et a1., 1989).
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Clinical Effects

Estrogenic mycotoxicosis was first reported in the United

States by Buxton in 1927 and Legenhausen and McNutt et al. in

1928. The appearance of clinical signs is dependent on the

amount of toxin consumed, and signs are generally expressed in

4 days to 7 days (McNutt et a1., 1928; Eriksen, 1968).

Recovery after discontinuing ZEN-contaminated.rations usually

occurs within 3 to 4 weeks (McNutt et a1., 1928). In terms of

species and age susceptibility, prepubertal gilts are the most

sensitive to ZEN and most frequently affected (Bristol and

Djurickovic, 1971; Shreeve et a1., 1978; Ruhr et a1., 1978;

Berger et a1., 1981). Normally, feed concentrations between

1 and 5 ppm ZEN are sufficient to produce clinical signs of

vulva edema in young gilts. In experimental studies with

young pigs, doses as low as 0.02 mg/kg b.w.lday caused vulvar

swelling, and higher doses caused a variety of signs

characteristic of.hyperestrogenism (Mirocha and Christensen,

1974) . The prominent signs of hyperestrogenism in prepubertal

gilts are edematous swelling of the vulva, mammary gland

enlargement, hypertrophy of the nipples, uterine hyperplasia

with some ovarian atrophy (Stob et a1., 1962; Kurtz et a1.,

1969; Bristol and Djurikovic, 1971; Nelson et a1., 1973;

Vanyi et a1., 1973; Young et a1., 1981). In severe cases,

these symptoms are accompanied by rectal and/or vaginal

prolapses(Bristol and Djurikovic, 1971).

One of the effects of ZEN in mature cycling swine is
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“prolongation of the estrous cycle ‘(Cantley et a1., 1982;

Edwards et a1., 1984). In adult sows fed a ZEN-containing

diet, infertility, pseudopregnancy, nymphomania, and constant

estruswere observed (Chang et a1., 1979). The no-observed-

adverse-effect-level (NOAEL) for the pubertal pigs was 0.06

mg/kg b.w./day (Kuiper-Goodman et a1., 1987). Long et a1.

(1982) fed a diet containing unpurified ZEN derived from a

FUsarium roseum culture to early pregnant sows. The

characteristic .changes in reproductive parameters were

accompanied by.changes in serum concentration of progesterone

and estradiol. The NOAEL for most of these effects was 0.13

mglkg b.w./day.

'[Reproductive problems as a result of consumption of ZEN-

contaminated feeds by pregnant sows are abortion, reduction in

litter_ size, smaller offspring, weak piglets, juvenile

hyperestrogenism and stillbirths (Miller et a1., 1973; Sharma

et a1., 1974; Shreeve et a1., 1978; Chang et a1., 1979). ”The _

most -.likely reasons for the detrimental effects of ZEN .on

pregnancy include alteration of the endometrial environment

and direct effects on developing embryos (Long and Turek,

1989). E29919§.91- (1988) indicated that the period fromwday

Zflto day 10 postmating is the "critical" period for ZEN to

exert its detrimental effects on early pregnancy in swine due

tqsaltered migration of blastocysts.

Very few reports on the effects of ZEN ingestion during

"Illactatio;\hre available in the literature. Feeding 25 to 100
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ppm ZEN during lactation.and.after weaning resulted in.ovarian

atrophy and tortuous uterine horns, particularly at the higher

dose levels (Chang et a1., 1979), whereas 2.1 to 4.8 ppm, when

fed continuously throughout pregnancy and lactation, had no

consistent effect on postweaning rebreeding performance (Young

et a1., 1982). Neither ZEN nor its metabolites were detected

in milk.obtained 1 or 14 days postpartum.(Young et a1., 1982).

Edwards et al. (1987b) reported that feeding 10 ppm purified

ZEN diet during lactation delayed the return to estrous after

weaning, but it did not affect subsequent fertility when the

animals were removed from the ration at weaning.

There are conflicting field reports concerning the

effects of ZEN on male swine. It seems apparent that in some

situations the male has signs of estrogenic stimulation. In

young barrows, there is hypertrophy of the mammae and a few

reports indicate atrophic changes in the gross appearance of

the boars' testicles along with edematous swelling of the

prepuce. These animals have been noted to void small amounts

of urine intermittently. Some reports have indicated ZEN may

cause a feminizing effect with preputial and mammary

enlargement, decreased testicular size, reduced epididymis and

vesicular gland weights, and loss of libido in boars

(Legenhausen, 1928; Koen and Smith, 1945; Stob et a1., 1962;

Christensen et a1. , 1972; Palyusik, 1973; Berger et a1. ,

1981). Young and.King (1986b) found.that.the percent.motility

of sperm was significantly decreased and a trend was observed
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for lower total and gel-free volumes of semen.

The mity} in an outbreak of ZEN mycotoxicosis is

usually low. However, if rectovaginal prolapse is a prominent

feature, secondary complications such as bacterial infections

of the exposed mucosa may lead to death (Buxton, 1927; McNutt

et a1., 1928).

Pathology

The primary pathologic changes in the estrogenic syndrome

1

are physiologic alterations of the genital tract} These

physiologic changes are principally” Characterized as an

accumulation of interstitial edema and cellular proliferation

and metaplasia of the mucosal epithelium into squamous-type

epithelium in the vagina and cervix. The vulva, vagina,

cervix, and myometrium are all thickened due to edema and a

combination of cellular hypertrophy and hyperplasia of the

elements composing the‘wall of these structures (Kurtz et a1.,

1969).

”(Then Uterotropioflheffects: of ZEN consist of grossly

enlarged uterine horns. The endometrium is grossly thickened

by edematous fluid. Histologically, the endometrium is

characterized by an interstitial edema of the submucosa and

hyperplasia of the submucosal endometrial glands. No

inflammatory cells comprise the cellular components of this

area but occasionally a few eosinophils are present.

The ovaries of prepubertal gilts appear grossly

hypoplastic with numerous, small follicles and no evidence of
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corpora luteal formation. Histologically, there is evidence

of follicular atresia (Kurtz et a1., 1969; Palyusik, 1973) and

oocyte:degeneration (Voluntir et a1., 1971). Older gilts seem

to have considerable secondary follicular development and

concurrent follicular atresia. However, the ovaries have no

evidence of ovulation because there is a complete absence of

corpora lutea in the ovarian tissue of these animals. IPerhaps

the larger follicles observed in older gilts are caused by the

influence of endogenous estrogens produced in these older

pigs. Voluntir et a1. (1971) report some ovarian fibrosis,

but this change was not present in the ovaries studied by

Kurtz et a1. (1969).

TEWPFWEEIV glands and nipples are enlarged grossly.

Some reports have suggested massive enlargement of these

glands but usually mammary enlargement is moderate.

Histologic study reveals epithelial hyperplasia and squamous

metaplasia along with an increased mitotic index principally

of the ductal elements in the mammary tissue. There is

edematous infiltration in the interstitium of the parenchyma

in the mammary tissue of prepubertal gilts. These histologic

alterations produced by ZEN are mimicked when estradiol (17B-

cyclopentylpropionate (ECP)) is injected intramuscularly into

similar size gilts (Kurtz et a1., 1969).

(In testes, the germinal epithelium is damaged and there

is a regressive alteration in testicular substance. The

interstitium around the seminiferous tubules tends to enlarge
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showing a serous infiltration and.a marked eosinophilia which

is followed by an increasing proliferation of the interstitial

elements (Vanyi and Szeky, 1980). -

Method of Control

When reproductive problems or a high concentration of ZEN

in feed are observed, the contaminated feed should be

withdrawn from the swine diet. However, prevention of ZEN

production is probably the best long-term solution to ZEN

mycotoxicosis. Some insecticides inhibit production of ZEN in

grain or liquid cultures (Wolf and Mirocha, 1973; Berisford

and Ayres, 1976) and applications of fonofos, maneb, and

carbaryl to corn inoculated in the field with FUsarium.roseum

significantly reduced ZEN concentrations in grain (Draughon

and Churchville, 1985). In addition, plant geneticists are

developing corn and cereal varieties that are resistant to

invasion and proliferation of Fasarium species. This appears

to be a practical and economic long term method to control ZEN

contamination of feedstuffs.



IV. THE PHARMACOLOGY AND ANTIESTROGEN ACTIONS OE TAMOXIFEN

Chemical Properties

Tamoxifen, code number ICI 46,474, is the trans(Z) isomer

of a triphenylethylene derivative. The chemical structure is

(2)-2-[4-(1,2-diphenylbut-l-enyl)phenoxy]-N,N-

dimethylethanamine, with the molecular formula CzanNo-Col-tuo7

and a molecular weight of 563.6. This chemical is sold as the

monocitrate salt using the proprietary name "Nolvadex" in most

countries. The corresponding cis(E) isomer is weakly

estrogenic and less than 1% is present in Nolvadex. Tamoxifen

citrate is a fine, white, odorless, crystalline powder,

slightly soluble in water and soluble in ethanol, methanol and

acetone. The physical, chemical, biochemical and animal

pharmacological properties of tamoxifen are described in

detail by Furr et a1. (1979).

Metabolism

Tamoxifen is well absorbed and extensively distributed.

After i.v. injection of female mice with [“C]tamoxifen, the

concentrations were higher after 5 minutes and 4 hours in

lung, liver, adrenal, kidney, pancreas, uterus, salivary

glands and mammary tissue than in blood (Wilking, 1981;

Wilking et a1., 1981; 1982). Major et a1. (1976), using

[’HJtamoxifen, showed that radioactivity was concentrated and

retained by the reproductive tract and pituitary gland of

female rats.

Using ["C1tamoxifen, Fromson et al. (1973a) were the

32
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first to examine the route of excretion of radioactivity in

the female rat, mouse, rhesus monkey and dog. In all species

examined, the metabolites (Figure 4) were excreted chiefly as

conjugates in the bile and little or no tamoxifen ‘was

eliminated as unchanged drug. In this study it was also shown

that tamoxifen has a long half-life and the excretion of

radioactivity is apparently biphasic. In rats, the initial

half-life is 53 hours with a terminal half-life of 10 days.

Kemp and coworkers (1983) have suggested that tamoxifen is

first converted to N-desmethyltamoxifen, then to

didesmethyltamoxifen (primary' amine), and. finally' to

metabolite Y (primary alcohol). The catechol metabolite D is

present as a glucuronide in the feces and metabolite E is

found as a minor metabolite in dog bile. In the rat uterus

and chicken oviduct, Borgna and Rochefort (1979) identified

the metabolite 4-hydroxytamoxifen. It has been shown that 4-

hydroxytamoxifen is an antiestrogen and that its ability to

inhibit [3H]estradiol binding to estrogen receptors in vitro

is greater than that of the parent drug and is equivalent to

that of estradiol (Jordan et a1., 1977). Like estradiol, and

in contrast to tamoxifen, 4-hydroxytamoxifen shows a very slow

dissociation rate from the estrogen receptor (ER) (Rochefort

et a1. , 1979) . The duration of action of 4-hydroxytamoxifen is

much shorter than tamoxifen (Jordan and Allen, 1980) , probably

because 4-hydroxytamoxifen can be more readily conjugated and

excreted.
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Biological Effects

Tamoxifen is generally considered as a nonsteroidal

antiestrogen. However, the biological effect of tamoxifen on

estrogen ‘target ‘tissues ‘varies. greatly according' to ‘the

species and tissues examined, the parameter measured, and the

endocrine status prevailing at the time the response is

measured (Patterson, 1981). Sakai.etia1. (1978) reported.that

tamoxifen has a direct estrogen-like action by increasing sex

hormone binding globulin. Tamoxifen also has been shown to

posses antiestrogenic properties towards a number of mammary

cell lines and carcinogen-induced mammary tumors (Legha and

Carter, 1976; Furr and Jordan, 1984). Tamoxifen is used in

some countries for the induction of ovulation (Klopper and

Hall, 1971; Williamson and Ellis, 1973; Gerhard and

Runnerbaum, 1979). However, its major clinical application is

in the treatment of breast cancer (Legha and Carter, 1976;

Heel et a1., 1978).

In the immature mouse uterine weight test, tamoxifen is

a full agonist (Terenius, 1971; Campen et a1., 1985) with no

detectable antiestrogenic activity (Terenius, 1970).

Similarly, in ovariectomized mice and guinea pigs, the

administration of tamoxifen results in full vaginal

cornification (Harper and Walpole, 1966; Furr et a1., 1979;

Pasqualini et a1., 1986). In contrast to its effect in the

mouse, tamoxifen behaves as a partial agonist in the rat based

on vagina histology and uterine weight (Harper and Walpole,
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1967a; Marois and Marois, 1977). The biological effects of

tamoxifen in the rabbit, like those in the rat, are of a weak

agonist as determined by its ability to prime the uterus to

respond to progesterone (Pasqualini et a1., 1988). In the

chick oviduct, tamoxifen was uniformly antiestrogenic with

virtually no detectable agonist actions (Sutherland et a1. ,

1977; Binart et a1., 1979; Sutherland, 1981) . In the immature

pig, Lin and Buttle (1991b) concluded that tamoxifen acts as

an estrogen agonist in the uterus as well as stimulating

mammary duct growth. However, concurrent administration of

tamoxifen with estradiol showed antagonism between the two

compounds in the mammary gland. Treatment of pregnant gilts

with tamoxifen did not affect the development of mammary

structures or the ability to lactate at parturition. However,

mammary progesterone receptor content in tamoxifen-treated

animals tended to be lower when compared to controls at day 90

of pregnancy (Lin and Buttle, 1991a).

Some histopathological changes were observed in the

reproductive tract of rats treated with tamoxifen (Furr et

a1. , 1979) . Ovarian weights were reduced, corpora lutea were

either absent or less numerous, and follicular cysts were

found. Another feature was the disappearance of endometrial

glands in the uterus. The uterine epithelium consisted of a

single layer of columnar cells with small areas of flattening

and occasional squamous metaplasia. One important qualitative

difference between the uterine response to estrogen and
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tamoxifen was that estrogen caused a massive accumulation of

uterine fluid whereas tamoxifen did not. Co-administration of

tamoxifen inhibited this estrogen-stimulated fluid

accumulation (Marois and Marois, 1977). It was also found

that estradiol stimulated endometrial hyperplasia with an

increase in total uterine DNA content, whereas tamoxifen

stimulated endometrial hypertrophy with only a slight increase

in uterine DNA content (Jordan et a1., 1978).

In male rats, reduction of testes and accessory sex organ

weights and interruption of spermatogenesis were observed

(Harper and Walpole, 1967). However, in contrast to these

observations, Rohr et a1. (1979) showed that tamoxifen caused

a stimulation of prostate glandular epithelium. These workers

concluded that tamoxifen was acting as an antiestrogen at the

hypothalamic-pituitary level, thereby causing an increase in

LH and testosterone secretion, which in turn led to

stimulation of the prostate epithelium. This is supported by

Donaldson et al. (1981a, b) who indicated that tamoxifen did

cause an acute stimulation of LH and testosterone secretion in

male rats. A clear antiestrogenic effect of tamoxifen was

seen in the dog' prostate 'where the. drug' prevented the

estradiol-induced squamous metaplasia of the epithelium and

decreased the induced stromal proliferation in castrated

animals (Funke et a1., 1980; 1981).
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Potential Mechanisms of Action of Antiestrogens

An antiestrogen is usually identified and classified as

a compound that will inhibit the vaginal cornification

produced by estradiol in ovariectomized rats or will inhibit

the increase in uterine weight produced by estradiol in

immature rats. The effect of tamoxifen may be either additive

or antagonistic to estradiol, depending on the dose ratio.

Macnab et al. (1984) suggested that the effects of tamoxifen

are additive at low doses of estradiol and antagonistic at

higher estradiol doses. It is possible that this dualism of

agonism and antagonism seen in other target organs and species

is a function of these basic characteristics of a partial

agonist, However, this. property of tamoxifen does not

completely explain antiestrogen action. The mechanism of

action of antiestrogens is believed to be related to their

structure whereas their potency is related to their relative

affinity for the ER (Lieberman et a1., 1983).

In general, antiestrogens regulate estrogen-stimulated

prolactin synthesis, progesterone receptor production, protein

synthesis and [3H]thymidine incorporation, DNA increases, and

the cell cycleaof estrogen-sensitive cells (Jordan, 1984). In

an estrogen target tissue, an antiestrogen can bind to ER,

antiestrogen binding sites (Sutherland et a1., 1980; Sudo et

a1., 1983) or calmodulin (Lam, 1984). The interaction

equilibria are dependent upon the relative binding affinities

(RBA) of the antiestrogen from.the proteins. Tamoxifen has a
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high binding affinity for the antiestrogen binding sites (RBA

- 100, E2 REA 8 0), but a low binding affinity for the

estrogen receptor (RBA a 5, E3 RBA = 100). Tamoxifen is a

potent inhibitor' of calmodulin-mediated. phosphodiesterase

(Lam, 1984) . Calmodulin is believed to be intimately involved

in cell division (Chafouleas et a1., 1984) and inhibitors of

calmodulin will produce a block in the G1 phase of the cell

cycle (Ito and Hidaka, 1983).

Most studies at present have focused upon the interaction

of antiestrogens with the ER. The following observations have

been made: (1) antiestrogens inhibit the binding of

|?H]estradiol to the ER (Skidmore et a1., 1972); (2)

[EHJantiestrogens bind directly to the ER (Jordan and

Prestwich, 1977); (3) estrogens and antiestrogens may have a

different method of "activating" receptors (Rochefort and

Borgna, 1981); (4) differences in the size of nuclear estrogen

and antiestrogen receptor complexes have been noted (Eckert

and.Katzenellenbogen, 1982); (5) there are differences in the

interaction of estrogen and antiestrogen receptor complexes

with DNA (Evans et a1., 1982); (6) ER re-synthesis was

believed to be impaired by antiestrogen (Clark et a1., 1974).

Structural alterations of the tamoxifen molecule can be

divided into two main categories: substitution in the phenyl

portion of the molecule (equivalent to the A ring of the

steroid nucleus), and alteration or removal of the

dimethylaminoethoxy side-chain (Furr and Jordan, 1984). The
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importance of the side chain for the antiestrogen activity of

tamoxifen has been studied. Removal of the side chain to

produce the phenol (metabolite E) destroys antiestrogen

activity and increases estrogenic activity (Jordan and Gosden,

1982) . The substitution of a 4-phenolic hydroxyl in tamoxifen

confers potent antiestrogen activity and very high binding

affinity for the ER (Jordan et a1., 1977). Overall, Jordan

and Lieberman (1983) concluded that compounds can be

classified into three categories based upon their structure.

Antiestrogens have a side chain extending away from the

binding site, partial agonists have a his phenolic structure

and agonists are unsubstituted.

Tamoxifen has been widely used to probe estrogen activity

and to provide valuable comparative information to establish

a molecular mechanism for both estrogens and antiestrogens.

However, there is still no satisfactory molecular mechanism to

explain either estrogen or antiestrogen action. This is, in

part, due to the complex, perplexing and often contradictory

pharmacology of this drug.



MATERIALS AND METHODS

Animals and Procedures

Twelve crossbred gilts were bred and randomly assigned to

one of four dietary treatment groups. The pigs were housed in

an environmentally controlled confinement facility at the

Michigan State University Swine Research and Teaching Center.

The treatments consisted of (1) corn-soybean meal basal diet

(Control), (2) basal diet containing 2 ppm ZEN, (3) basal diet

containing 10 ppm tamoxifen, and (4) basal diet containing 2

ppm ZEN plus 10 ppm tamoxifen. The treatment diets were

individually fed to the gilts ad libitum beginning on day 30

of gestation through lactation. At farrowing, the number of

offspring produced, their body weights, and sex were

determined. Gilts then were killed shortly after the piglets

were weaned and their reproductive tracts were weighed and

prepared for histological examination.

At 21 days of age, all piglets were weaned and weighed.

Three males and three females from each treatment were kept

for subsequent breeding. The remaining animals were killed

and gross necropsies performed. Reproductive tracts from

these animals were removed, weighed, and processed for

subsequent histological examination. The six animals per

group kept for breeding were provided a control diet for the

duration of the trial. Beginning at five months of age, the

12 F1 females were checked for estrus daily with the aid of a

mature boar to determine the age of first observed estrus.

41
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Estrus was presumed if a gilt exhibited a positive back-

pressure test and allowed a boar to mount. Once a female had

gone through one estrus period, it was killed and the

reproductive tract was processed for histological examination.

Beginning at five months of age, the 12 F1 males were

exposed twice per week to a gilt in estrus and the day of

first attempt to mount was recorded. After showing a

willingness to copulate, males were electroejaculated for

semen collection. Semen evaluation included sperm

concentration and sperm motility. At eight months of age,

each boar was given an opportunity to mate with two females

which were allowed to farrow. Boars then were killed and

their reproductive tracts were removed and processed for

histological examination. Sperm from the cauda epididymides

was also evaluated. At the time of farrowing, the number of

piglets .born, their sex, and their body weights were

determined.

The interaction of ZEN and tamoxifen with estradiol

binding sites on the calf uterus has been described (Kiang et

a1. , 1978) . For a better understanding of the mechanism of

action of ZEN and tamoxifen in producing estrogenic effects,

we further investigated the relative binding abilities of ZEN

and tamoxifen to porcine cytoplasmic estrogen receptors. The

binding ability of the unlabeled ZEN and tamoxifen relative to

17B-estradiol was determined by competitive protein binding to

cell-free uterine cytosol in vitro (Kiang et a1., 1978;
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Fitzpatrick et a1., 1989).

Experimental Diet

Purified crystalline ZEN (P-1492; Pitman-Moore, Inc.,

Terre Haute, IN) and/or tamoxifen citrate (Stuart

Pharmaceuticals, Division of ICI Americas, Inc., Wilmington,

Del) were dissolved in 100% absolute ethanol and added to an

appropriate amount of standard corn-soybean swine diet to give

the final concentration of 2 ppm ZEN, 10 ppm tamoxifen and 2

ppm ZEN plus 10 ppm tamoxifen.

Analytical Methods

Peedstuff analysis: Samples from each treatment diets

were taken randomly. The concentration of ZEN in each

treatment diet was determined by Dr. W. E. Braselton of the

Animal Health Diagnostic Laboratory, Michigan State

University.

Tissue examination: The portions of the reproductive

tract prepared for histopathologic examination were the

ovaries and uterus from the female and testes, epididymides,

CowPer's glands and seminal vesicles from the male. Tissues

were fixed in Bouin's solution and then examined by Dr. B.

Yamini of the Animal Health Diagnostic Laboratory, Michigan

State University.

Sperm analysis: Semen collection by electroejaculation

was performed by Dr. P. H. Coe of Large Animal Clinic

Sciences, Michigan State University. Sperm from caudal

epididymides was collected at autopsy. After collection,
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semen or spermnwas incubated in.a boar semen extender (Modena,

Swine Genetics International, Ltd., Cambridge, Iowa) for 2

hours at 37°C. Sperm concentration and motility were analyzed

by using a CellSoft computer automated sperm analyzer (Cryo

Resources, Ltd., Montgomery, NY).

Estrogen receptor binding assay:

A. Preparation of soluble cellular protein: All the

experiments described in this study were performed at 0-4°C

unless specified differently. The frozen uteri from immature

gilts (5—6 weeks old) were pulverized and then homogenized in

TEDG buffer (10 mM Tris, 1.5 mM EDTA, 1.0 mM dithiothreitol,

10% glycerol, pH 7.4) with a PCU-2-110 Polytron (Brinckmann

Instruments, Inc., Westbury, NY) for 10-second intervals

twice. Tissue to buffer ratio was 1 g uterus/ 8 ml TEDG

buffer. The homogenate was centrifuged at 800 x g (Beckman

GPR Centrifuge) for 5 minutes. Soluble cellular protein was

obtained by subjecting the supernatant to ultracentrifugation

at 100,000 x g (Beckman L7 Ultracentrifuge) for 60 minutes.

The protein concentration was determined by coomassie blue

binding (Reisner et a1., 1975) and.was approximately 3 mg/ml.

B. Competition binding assay: The competitors used

against estradiol at the receptor binding sites were ZEN and

tamoxifen. The 17B-[2,4,6,7-3H(N))estradiol with a specific

activity of approximately 100 Ci/mmol was from New England

Nuclear (Boston, MA). A mixture of 1 nM [2,4,6,7-

3H(N)]estradiol, one of the cold competitors (0.1 nM to 100
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pH), and pig uterine estrogen receptor were incubated at 0°C

for 2 hours in order to reach the equilibrium of a maximal

binding. After incubation, 0.2 ml aliquot of the incubation

mixture was added to Eppendorf tubes containing 0.25 ml of

hydroxylapatite (HAP; Biorad, Rockville, NY) mixture. The

mixture was gently resuspended with vortexing, incubated for

5-10 minutes, and washed with 2.5 ml TEG buffer (10 mM Tris,

1.5 mM EDTA, 10% glycerol, pH 7.4) 3 times. The washed HAP

pellet was then added to the scintillation vial with 5 ml

scintillation cocktail and counted for radioactivity (LS 100C,

Beckman Instruments, Fullerton, CA). The binding of 178-

[2,4,6,7-3H(N) ]estradiol to estrogen receptors in the absence

of competitor served as maximal binding. The binding of 178--

[2,4,6,7-3H(N)]estradiol in the presence of a competitor was

expressed as percentage of the maximal binding.

Statistical Analysis

Data were analyzed using the Statistical Analysis System

(SAS Institute, Inc. , Cary, NC). The effects of treatment

were determined by one-way analysis of variance (ANOVA) .

Significant differences between treatment groups were

determined by least significant differences (LSD) for the

comparisons of multiple means. All statements regarding

significance are based on p < 0.05 unless otherwise indicated.



RESULTS

Peedstuffs analysis

Samples of each diet were analyzed and the mean

concentration of ZEN in the ZEN and combination diets was 2.12

ppm. No ZEN was detected in the control and 10 ppm tamoxifen

feed (Tables 2, 3).

Clinical observations and post-mortem examination

F0 sows:

Table 4 summarizes the results of breeding and farrowing

performances of F0 sows. During the period of administration

of treatment diets (approximately 105 days), no clinical

abnormalities were observed with the exception of one sow fed

the 2 ppm ZEN diet which showed evidence of vulva enlargement.

There was no significant effect on the reproductive

performance of the 12 sows fed ZEN and/or tamoxifen throughout

pregnancy. All of the sows farrowed successfully. The ZEN

and combination sows farrowed numerically larger litters (16

and 32%, respectively) in terms of live pigs as well as total

pigs per litter (30 and 26%, respectively). However,

ingestion of ZEN appeared to lead to an increase in litters

farrowed with more dead and weak pigs. Differences in fetal

mortality were not significant although mortality was

numerically less for sows fed the control diet than those fed

the ZEN diet. The addition of ZEN and/or tamoxifen to the

diet of pregnant and lactating sows had no effect on combined

male and female piglet body weights at birth and at 21 days of

46
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TABLE 2. COMPOSITION OF GESTATION DIETS USED IN THE FEEDING

  
 

 

STUDY

Ingredient' Control ZEN" TAM” ZEN-l-TAM"

Shelled Corn 70.45 70.45 70.45 70.45

Soybean Meal 14.50 14.50 14.50 14.50

Wheat Bran 10.00 10.00 10.00 10.00

Calcium Carbonate 1.30 1.30 1.30 1.30

Mono-Dical-Phos 21% 2.00 2.00 ' 2.00 2.00

MSU Swine VIT-TM Premix 0.60 0.60 0.60 0.60

Selenium & E Premix 0.50 0.50 0.50 0.50

Choline Chloride 60% 0.15 0.15 0.15 0.15

Salt 0.50 0.50 0.50 0.50

Tamoxifen, ppm 0.00 0.00 10.00 10.00

Zearalenone, ppm < MDLc 2.12d < MDLc 2.12‘

(analyzed) 10.20 10.26

' Data expressed as percent in ration.

b ZEN refers to 2 ppm zearalenone, TAM refers to 10 ppm tamoxifen,

and ZEN+TAM refers to 2 ppm zearalenone plus 10 ppm tamoxifen.

° Limit of detection for zearalenone is 0.2 ppm.

< MDL: concentration is less than method detection limit.
(I
Data presented as mean 1 standard deviation.
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TABLE 3. COMPOSITION OF LACTATION DIETS USED IN THE FEEDING

 

 

STKHTY

Ingredient‘ Control ZEN“ TAM“ ZEN-t-TAM"

Shelled Corn 71.85 71.85 71.85 71.85

Soybean Meal 23.50 23.50 23.50 23.50

Calcium Carbonate 1.35 1.35 1.35 1.35

Mono-Dical-Phos 21% 1.90 1.90 1.90 1.90

MSU Swine VIT-TM premix 0.60 0.60 ' 0.60 0.60

Selenium & E Premix 0.50 0.50 0.50 0.50

Salt 0.30 0.30 0.30 0.30

Tamoxifen ppm 0.00 0.00 10.00 10.00

Zearalenone ppm < MDLc 2.12‘l < MDL‘ 2.12‘

MEL ___§.°.;.z_°.___J'.25_ 

' Data expressed as percent in ration.

ZEN refers to 2 ppm zearalenone, TAM refers to 10 ppm tamoxifen,

and ZEN+TAM refers to 2 ppm zearalenone plus 10 ppm tamoxifen.

° Limit of detection for zearalenone is 0.2 ppm.

< MDL: concentration is less than method detection limit.

‘ Data presented as mean t standard deviation.
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TABLE 4. THE EFFECT OF ZEARALENONE AND/OR TAMOXIFEN ON

BREEDING AND FARROWING PERFORMANCE OF SOWS‘

Parameter Control ZEN” TAM” ZEN-l-TAM"

No. of Sows 3 3 3 3

SOW Body Weight (kg) 129.39 132.73 126.06 130.30

112.81 113.39 i 6.58 i 4.64

(103) ( 97) (101)

Litter Size 7.7 10.0 7.7 9.7

i 0.58 i 2.65 i 4.16 i 3.51

(130) (100) (126)

Live Births/Litter 6.3 7.3 6.3 8.3

i 1.53 1 4.73 i 4.51 t 2.52

(116) (100) (132)

% Mortality 17.86 32.14 22.22 11.79

£15.57 136.25 119.24 110.47

(180) (124) ( 66)

% Female/Male 34/66 71/29 58/42 42/58

Birth Weight (kg) 1.56 1.57 1.53 1.64

i 0.40 i 0.18 i 0.20 i 0.59

(101) ( 93) (105)

Weaning Weight (kg) 6.52 6.68 5.89 6.22

i 1.41 i 1.20 i 0.76 i 1.58

(102) ( 90) ( 95)
  

' Data presented as mean t standard deviation.

Number in parentheses refers to percent of control value.

” ZEN refers to 2 ppm zearalenone, TAM refers to 10 ppm tamoxifen,

and ZEN+TAM refers to 2 ppm zearalenone plus 10 ppm tamoxifen.
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age when compared to control weights.

A summary of the effects of ZEN and/or tamoxifen on the

reproductive tract of the sows which were necropsied after 21

days of lactation is presented in Table 5. The dietary

treatments had no effect on body weight at this point in the

trial. .A trend of ovarian.atrophy and.uterine enlargement was

observed in sows ingesting ZEN and/or tamoxifen.. The percent

reduction in the relative ovarian weights for sows fed ZEN,

tamoxifen, or ZEN plus tamoxifen was 26, 33 and 46%,

respectively. Relative uterine weights were numerically

elevated in all three treatment groups with tamoxifen

resulting in the smallest increase (6%) and the combination

causing the greatest increase (18%). However, using analysis

of variance, there were no significant differences (p > 0.05)

between treatment or treatment by period interactions for any

of the measured parameters.

Table 6 summarizes the results of the histopathologic

examination of the reproductive tracts of sows. All sows had

evidence of corpora albicans (CA) but not of corpora lutea

(CL). There were numerous large follicles observed in all

control ovaries, while in the sows fed ZEN and/or tamoxifen,

the ovaries contained predominantly small and atretic

follicles. The histologic appearance of the uterus and cervix

in the treatment sows was similar to controls except that some

pustules and suppurative exudate were present in the ZEN and

tamoxifen sows.
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TABLE 5. THE EFFECT OF ZEARALENONE AND/OR TAMOXIFEN ON

OVARIAN AND UTERINE WEIGHTS OF SOWS‘

Parameter Control ZEN” TAMb ZEN-l-TAMb

No. of Sows 3 3 3 3

Body Weight (kg) 150.91 144.55 161.21 146.82

$16.52 $17.91 $13.31 $13.28

( 96) (107) ( 97)

Ovarian Weight (g) 8.60 6.43 , 6.05 4.55

i 2.52 t 4.96 i 1.08 i 1.09

( 75) ( 70) ( 53)

Ovarian Weight/Body Weight 0 . 057 0 . 042 0 . 038 0 . 031

(x 1,000) 10.015 10.028 10.006 10.006

( 74) ( 67) ( 54)

Uterine Weight (9) 653.53 691.53 750.37 762.67

$367.22 1 26.73 1 90.68 1129.31

(106) (115) (117)

Uterine Weight/Body Weight 4 . 37 4 . 83 4 . 66 5 . 17

(X 1,000) $2.55 10.60 $0.55 $0.51

(111) (107) (118)

‘ Data presented as mean 1 standard deviation.

Number in parentheses refers to percent of control value.

I ZEN refers to 2 ppm zearalenone, TAM refers to 10 ppm tamoxifen,

and ZEN+TAM refers to 2 ppm zearalenone plus 10 ppm tamoxifen.
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TABLE 6. SUMMARY OF HISTOPATHOLOGICAL EXAMINATION OF THE

REPRODUCTIVE TRACTS OF SOWS WHICH WERE EXPOSED TO

ZEARALENONE AND/OR TAMOXIFEN DURING GESTATION AND

LACTATION

Dietary

treatment No. Histopathologic observationsb
 

I Control 3 Normal active ovaries and uterus.

Ovary: numerous large follicles (4-7 mm in

diameter); evidence of CA but no CL;

numerous primordial, primary,

secondary and tertiary follicles.

Uterus: lumen clear, LE columnar; SC diffuse,

mild infiltration of neutrophils;

endometrium moderately populated with

medium sized glandular structures; LP

distended and edematous.

Cervix: lumen contained eosinophilic granular

materials; SC, multifocal, minimal

mononuclear inflammatory cell

infiltration.

 
 

ZEN' 3 Ovary: numerous tertiary follicles, 2 mm in

diameter, many in degenerating process

with neutrophils in the theca cell

layer; evidence of CA but no CL;

numerous primordial, primary,

secondary follicles.

Uterus: lumen contained neutrophils and

eosinophilic materials expended to LP;

LE contained multiple pustules.

Cervix: lumen filled with neutrophils and

suppurative exudate; LE contained many

pustules.

 

user 3 Ovary: similar to those in ZEN group.

Uterus: SC diffuse, mild mixed inflammatory

cell infiltration.

Cervix: submucosa contained diffuse, mild

inflammatory cell infiltration.

 ZEN+TAM‘ 3 Ovaries, uterine, and cervix were similar to

l those in TAM group.

' ZEN refers to 2 ppm zearalenone, TAM refers to 10 ppm tamoxifen,

and ZEN+TAM refers to 2 ppm zearalenone plus 10 ppm tamoxifen.

CA refers to corpora albicans, CL refers to corpora lutea,

LE refers to luminal epithelium, SC refers to stratum compactum,

and LP refers to lamina propria.
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F1 female piglets:

Results of the examination of the reproductive tracts of

the 21-day-old female piglets are given in Table 7. None of

the suckling piglets in the litters of treated sows showed

vulva swelling or reddening. Consumption of ZEN and/or

tamoxifen by sows during gestation had no significant effect

on female piglet birth weights while piglets from sows in the

tamoxifen group weighed significantly less than piglets from

the combination sows at weaning. Piglets in the tamoxifen

treatment group had numerically higher birth weights (1.49 i

0.27 kg vs 1.33 i 0.13 kg) but significantly lower weaning

weight (5.40 i 0.51 kg vs 6.10 i 0.16 kg) than those piglets

in the control group. The effect of ZEN and/or tamoxifen on

the reproductive tract of female piglets at 21 days of age was

similar to the effects observed in the sows. There was a

strong trend towards smaller ovaries.and.an enlarged uterus as

a result of in utero and lactational exposure to ZEN and/or

tamoxifen. The combination of ZEN and tamoxifen resulted in

uterine weights which were 31% higher than control weights (p

< 0.05). In female piglets exposed to tamoxifen, there was a

significant decrease in the ovarian weights and increase in

relative uterine weights (p < 0.05) in comparison with those

of control piglets. Although there were differences in the

weight of the reproductive tracts among groups, the gross

histology of the ovaries and uterus was normal in all female

piglets.



 

54

 

TABLE 7. THE EFFECT OF IN UTERO AND LACTATIONAL EXPOSURE TO

ZEARALENONE AND/OR TAMOXIFEN ON BODY WEIGHT AND

OVARIAN AND UTERINE WEIGHTS 0F 21-DAY-OLD FEMALE

PIGLETS'

Parameter Control ZEN" TAM” ZEN+TAM"

NO. of Piglets 4 10 9 6

Birth Weight (kg) 1.33 1.55 1.49 1.70

10.13 10.20 10.27 10.59

(116) .(112) (128)

Weaning Weight (kg) 6.10 6.60 5.40c 7.31

10.16 11.19 10.51 11.57

(108) ( 89) (120)

Ovarian Weight (g) 0.147 0.121 0.110‘ 0.127

10.053 10.026 10.021 10.023

( 82) ( 75) ( 86)

Ovarian Weight/Body Weight 0.024 0.019 0.021 0.018

(x 1,000) 10.009 10.004 10.005 10.003

( 79) ( 88) ( 75)

Uterine Weight (g) 2.032 2.479 2.269 2.662‘

10.258 10.451 10.478 10.549

(122) (112) (131)

Uterine Weight/Body Weight 0.334 0.382 0.419d 0.367

(x 1,000) 10.047 10.069 10.068 10.044

(114) (125) (110)

' Data presented as mean 1 standard deviation.

Number in parentheses refers to percent of control value.

” ZEN refers to 2 ppm zearalenone, TAM refers to 10 ppm tamoxifen,

and ZEN+TAM refers to 2 ppm zearalenone plus 10 ppm tamoxifen.

° Significantly different from ZEN+TAM (p < 0.05).

‘ Significantly different from Control (p < 0.05).
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F1 male piglets:

There were no differences in the male piglet birth

weights and weaning weights due to feeding ZEN and/or

tamoxifen to the sows (Table 8). The effects Of in utero and

lactational exposure to ZEN and/or tamoxifen on the

reproductive tracts Of 21-day-Old male piglets are presented

in Table 8. iPiglets from sows fed.treatment diets had lighter

testes than did those from sows fed the control diet. The

data suggest that ZEN and tamoxifen alone caused an equal

decrease in testes weight (15%) while the combination resulted

in a further decrease (26%) (p < 0.05). When piglet

reproductive organ weights are expressed as a percent of body

weight, a trend toward increased epididymides and seminal

vesicle weights were associated with the combination of ZEN

and tamoxifen, which caused a 30% increase when compared to

control values. IHowever, these effects were not induced.by in

utero and lactational exposure to ZEN or tamoxifen alone.

Also, no difference was found in mean Cowper's gland weights

or in the histology of the reproductive tracts among the pigs

in the four treatment groups.

F1 gilts:

None of the 12 F1 gilts exposed to ZEN and/or tamoxifen

in utero and during lactation and raised to reproductive age

exhibited signs of "hyperestrogenism" such as a red, swollen

vulva or mucus discharge. Clinical defeminization and

masculinization of sexual behavior were also not Observed in
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TABLE 8. THE EFFECT OF IN UTERO AND LACTATIONAL EXPOSURE TO

ZEARALENONE AND/OR TAMOXIFEN ON BODY WEIGHT AND

WEIGHT OF THE COMPONENTS OF THE REPRODUCTIVE TRACTS

OF 21-DAY-OLD MALE PIGLETS'

Parameter Control ZEN” TAM” ZEN-l-TAM"

No. of Piglets 9 6 4 12

Birth Weight (kg) 1.55 1.72 1.52 1.42

10.35 10.24 10.25 10.34

(111) ( 98) ( 92)

Weaning Weight (kg) 6.09 5.98 ' 5.85 5.27

11.54 11.10 10.56 10.98

( 98) ( 96) ( 86)

Testes Weight (g) 5.84 4.82 4.99 4.30°

11.77 11.01 12.55 11.03

( 83) ( 85) ( 74)

Testes Weight/Body Weight 0.996 0.811 0.886 0.830

(X 1,000) 10.251 10.103 10.505 10.221

( 84) ( 92) ( 86)

Epididymides Weight (g) 1.58 1.61 1.48 1.75

10.45 10.29 10.25 10.44

(102) ( 94) (111)

Epididymides Weight/ 0.259 0.270 0.256 0.342‘I

Body Weight (X 1,000) 10.041 10.023 10.059 10.100

(104) ( 99) (132)

Cowper's Glands Weight (g) 2.04 2.17 2.27 1.73

10.53 10.79 10.73 10.49

(107) (111) ( 85)

Cowper's Glands Weight/ 0.349 0.371 0.383 0.332

Body Weight (X 1,000) 10.106. 110.142 10.102 ' 10.084

(106) (110) ( 95)

Seminal Vesicles Weight (g) 0.824 0.836 0.924 0.921

10.203 10.206 10.181 10.359

(101) (112) (112)

Seminal Vesicles Weight/ 0.139 0.142 0.159 0.182

Body Weight (X 1,000) 10.029 10.034 10.036 10.080

(102) (114) (131)

‘ Data presented as mean 1 standard deviation.

Number in parentheses refers to percent of control value.

I ZEN refers to 2 ppm zearalenone, TAM refers to 10 ppm tamoxifen,

and ZEN+TAM refers to 2 ppm zearalenone plus 10 ppm tamoxifen.

° Significantly different from Control (p < 0.05).

‘ Significantly different from Control and TAM (p < 0.05).
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these gilts. In comparison to the controls, the length of

time to the first observed estrus of F1 gilts in the ZEN'group

was 16 days longer but the difference was not significant

(Table 9). The dietary treatments did not appear to have a

consistent influence on the reproductive tracts (Table 9).

Gilts in the ZEN and tamoxifen groups had similar ovarian

weights which were about 10% lower than control ovarian

weights, whereas combination gilts had 48% larger ovaries than

control animals. Enlargement of the uterus attributable to

ZEN was still Observed (15%) but F1 gilts in the tamoxifen

group had an average uterine weight which was 51% lower than

controls while the F1 gilts in the combination group had an

average uterine weight which was only 9% lower when compared

to controls.

Results of the histopathologic examination of the

reproductive tracts of F1 gilts are summarized in Table 10.

There was evidence of CA, CL, and numerous large follicles up

to 5 mm in diameter in the control and combination groups.

However, although there were large follicles Observed in the

ZEN and tamoxifen groups, no CA and CL could be found. The

histological appearance Of the uterus did not vary

significantly across treatments including the control.

F1 boars:

One boar in the 2 ppm ZEN group died early in the

experiment. In utero and lactational exposure to ZEN and/or

tamoxifen.did.not affect body weight (Table 11). The mean age
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TABLE 9. THE EFFECT OF IN UTERO AND LACTATIONAL EXPOSURE TO

ZEARALENONE AND/0R TAMOXIFEN ON BODY WEIGHT AND

OVARIAN AND UTERINE WEIGHTS OF F1 GILTS‘

Parameter Control ZEN" TM!b ZEN-WAN"

No. of Gilts 3 3 3 3

Body Weight (kg) 120.91 128.49c 110.91. 118.94

$ 7.44 $ 8.82 $12.05 $ 5.23

(106) ( 92) ( 93)

Age at First Observed 216.0 232.7 '207.7 202.3

Estrus (day) 1 10.4 1 12.7 i 25.3 i 22.1

(108) ( 96) ( 94)

Ovarian Weight (g) 9.00 8.17 8.09 13.33

$1.05 $3.30 $6.07 $6.35

( 91) ( 90) (148)

Ovarian Weight/Body Weight 0.074 0.064 0.071 0.111

(X 1,000) $0.006 $0.027 $0.047 $0.049

( 86) ( 96) (150)

Uterine Weight (9) 556.40 640.97 284.35 507.47

$326.28 $ $5.23 $132.74 $228.01

(115) ( 51) ( 91)

Uterine Weight/Body Weight 4.724 5.010 2.531 4.218

(X 1,000) $3.079 $0.629 $0.985 $1.775

(106) ( 54) ( 39)

‘ Data presented as mean 3 standard deviation.

Number in parentheses refers to percent of control value.

” ZEN refers to 2 ppm zearalenone, TAM refers to 10 ppm tamoxifen,

and ZEN+TAM refers to 2 ppm zearalenone plus 10 ppm tamoxifen.

° Significantly different from TAM (p < 0.05).
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TABLE 10. SUMMARY OF HISTOPATHOLOGICAL EXAMINATION OF THE

REPRODUCTIVE TRACTS OF F1 GILTS WHICH WERE EXPOSED

IN UTERO AND DURING LACTATION TO ZEARALENONE AND/OR

TAMOXIFEN

treatment No.

Dietary

Histopathologic observations
 

Control 3 Normal

Ovary:

Uterus:

Cervix:

ZEN“ 3 Ovary:

Uterus:

Cervix:

uuur 3 Ovary:

Uterus:

Cervix:

ZEN+TAH' 3 Ovary:

Uterus:

Cervix: 

active ovaries and uterus.

evidence of CA and CL; numerous large

tertiary follicles up to 4-5 mm in

diameter; numerous primordial,

primary, and tertiary follicles.

lumen clear; SC diffuse, mild

neutrophil infiltration; endometrium

moderately populated with medium to

large sized glandular structures.

lumen eosinophilic materials and mild

neutrophil infiltration.

no CA and CL; numerous large tertiary

follicles up to 5 mm in diameter;

numerous primordial, primary and

tertiary follicles.

similar to those in control group.

submucosa multifocal, mild mononuclear

infiltration.

no CA and CL; many tertiary follicles

up to 3-4 mm in diameter; many

primordial, primary and secondary

follicles.

similar to those in control group.

submucosa minimal mononuclear

infiltration.

similar to those in control group.

lumen clear; endometrium well

populated with well development large

glands; multifocal, mild-moderate

mononuclear infiltrate in LP.

lumen clear; submucosa minimal

mononuclear infiltration.

' ZEN refers to 2 ppm zearalenone, TAM refers to 10 ppm tamoxifen,

and ZEN+TAM refers to 2 ppm zearalenone plus 10 ppm tamoxifen.

CA refers to corpora albicans, CL refers to corpora lutea,

LE refers to luminal epithelium, SC refers to stratum compactum,

and LP refers to lamina propria.
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THE EFFECT OF IN UTERO AND LACTATIONAL EXPOSURE TO

ZEARALENONE AND/OR TAMOXIFEN ON BODY WEIGHT AND TESTICULAR

AND EPIDIDYMAL CHARACTERISTICS OF F1 BOARS'

 

 

 

Parameter Control ZEN“ TAM” ZEN+TAM"

No. of Boars 3 2 3 3

Body Weight (kg) 149.39 160.91 151.67 146.52

$15.94 $ 3.86 $ 2.74 $ 6.37

(108) (102) ( 98)

Age of First Mount (day) 151.7 188. 0° , 153.7 151. 0

$12.5 $32.5 $ 5.7 $ 9.2

(124) (101) (100)

Testes Weight (9) 786.03 789.40 674.83 719.83

$88.65 :$232.92 $ 60.59 $146.73

(100) ( 86) ( 92)

Testes Weight/Body Weight 5 . 27 4 . 92 4 . 45 4 . 92

(X 1,000) $0.48 $1.57 $0.32 $1.03

( 93) ( 84) ( 93)

Epididymides Weight (9) 268.17 307.35‘I 237.23 201.87

$27.84 $99.21 $19.98 $43.10

(115) ( 88) ( 75)

Epididymides Weight/ 1.80 1.92 1.56 1.37

Body Weight (X 1,000) $0.08 $0.66 $0.11 $0.24

(107) ( 87) ( 76)

Sperm Concentratione 64.44 1056.2 436.22 413.93

(number/ml x 10% 186.50 11370.7 1336.77 1334.92

(1639) (677) (642)

% motility‘ 58.17 68.69 69.10 52.48

$25.94 $ 7.25 $10.57 $11.54

(118) (119) ( 90)

Sperm Concentration' 3495.37 4361.25 4293.8 2028.0

(number/ml x 10” $416.52 $510.81 $1166.5 $1781.4

(125) (123) ( 58)

% Motility' 52.86 42.93 77.12 50.73

$24.62 $58.07 $ 8.55 $37.31

( 81) (146) ( 96)

' Data presented as mean 1 standard deviation.

Number in parentheses refers to percent of control value.

b ZEN refers to 2 ppm zearalenone, TAM refers to 10 ppm tamoxifen,

and ZEN+TAM refers to 2 ppm zearalenone plus 10 ppm tamoxifen.

‘ Significantly different from Control, TAM, and ZEN+TAM (p < 0.05).

‘ Significantly different from ZEN+TAM (p < 0.05).

" Samples were collected using electroejaculation at about 6 months of age.

' Samples were collected from cauda epididymides at about 10 months of age.
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at first mounting an estrus gilt was approximately 152 days

for boars in the control, tamoxifen, and the combination

groups. However, there was a significant delay in ZEN boars

with a mean value of 188 days (p < 0.05). Numerical

reductions in the relative testes weights were found among

treatments with the effect being most pronounced in the

tamoxifen group (16%). The weight of epididymides in animals

in the combination group was 25% less than the weight of

epididymides of control animals and 24% less when weights were

expressed as a percent of body weight. Although the sperm

concentrations produced by the boars at.6:months of age in all

3 treatment groups were much higher than control means, the

differences were not significant. The percentage of motile

sperm was numerically different among diets at both collection

times, with a tendency towards higher motility in the

tamoxifen group. The basic histological changes in most of

the F1 boars were mild degeneration of seminiferous tubular

and mild vasculopathy of the pampiniform plexus.

The results of the effects of in utero and lactational

exposure to ZEN and/or tamoxifen on the reproductive capacity

of F1 boars are presented in Table 12. All boars in the

present study displayed normal precopulatory and copulatory

behavior; INone of the boars would be classified as unsuitable

for breeding. All of the sows bred by these boars farrowed

normally at term. Abnormalities were not observed in the

piglets or their development. There were no differences in
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TABLE 12. BREEDING AND FARROWING PERFORMANCE OF GILTS WHICH

WERE MATED WITH BOARS EXPOSED IN UTERO AND DURING

LACTATION TO ZEARALENONE AND/OR TAMOXIFEN'

 

 

Parameter Control ZENb TAM" ZEN+TAM"

Litter Size 9.5 8.3 9.3 9.7

$ 4.12 $3.06 $3.20 $ 1.51

( 88) ( 98) (102)

Live Births/Litter 8.6 8.3 9.0 9.5

$ 2.87 $ 3.06 $ 2.83 $ 1.52

( 95) (103) (109)

No. of Mummies 0.0 0.0 0.83 0.0

$0.98

% Mortality 5.0 0.0 2.6 1.7

% Female/Male 57/43 44/56 44/56 43/57

Birth Weight (kg) 1.35 1.30 1.24 1.34

$ 0.12 $ 0.27 $ 0.15 $ 0.22

( 95) ( 92) ( 99)

' Data presented as mean 1 standard deviation.

Number in parentheses refers to percent of control value.

b ZEN refers to 2 ppm zearalenone, TAM refers to 10 ppm tamoxifen,

and ZEN+TAM refers to 2 ppm zearalenone plus 10 ppm tamoxifen.
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litter size, fetal mortality, and birth weight among the

groups, although some mummified fetuses were observed in the

tamoxifen group.

Estrogen receptor binding assay:

ZEN and tamoxifen were tested for their potency in

competition with estradiol for binding at pig uterine receptor

sites (Figure 5). Both ZEN and tamoxifen showed significant

competitive binding compared to estradiol. The relative

binding affinities of 17B-estradiol, ZEN, and tamoxifen to

receptors, calculated by the concentrations able to produce

50% inhibition of [’H1estradiol binding, were approximately

100:5:1, respectively.
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Figure 5. Competition of estradiol, zearalenone and tamoxifen,

with [3E1estradiol (1 nM) at the receptor binding

sites of the porcine uterus.



DISCUSSION

The concentration of ZEN selected for this study was 2

ppm of complete ration. This concentration was selected

because mature gilts have been reported to be affected at this

level (Young et a1., 1982) and it approximates levels of

contamination reported in the field. The concentration of

tamoxifen used in this work was chosen to mimic a dose found

to be effective in chickens in terms of antiestrogenic effects

(Rozenboim et 81., 1986).

The differences in the body weights of F0 sows at the

termination of the feeding trial were not significant (Table

4), indicating that ZEN and/or tamoxifen had no effect on feed

intake. In the present experiment, most of the sows fed feed

containing ZEN and/or tamoxifen showed no hyperestrogenic

signs during gestation and lactation. Signs of

hyperestrogenism in prepubertal gilts have been indicated with

as little as 1 ppm ZEN in the diet (Kurtz et a1., 1969;

Mirocha et a1. , 1977) . However, dietary concentrations

required to produce problems in mature sows were generally

higher than those causing hyperestrogenism in prepubertal

gilts (Chang et 81., 1979; Long et a1., 1982).

Moldy feed in the diet of pregnant sows has been

associated with abortion, weak pigs, stillbirths, decreased

litter size, and fetal mummification (Sharma et a1., 1974;

Shreeve et a1., 1975; Mirocha et a1., 1977; Christensen,

1979). It is difficult to assess the overall effects of

65



66

consuming ZEN-contaminated feed after mating, based on the

literature, due to variation in time of initiation of feeding,

the concentration in the diet, duration of feeding and time of

assessment after withdrawal of contaminated feed. However,

the feeding of dietary concentrations of 2.2 or 3.6 ppm ZEN to

pregnant sows did not affect pregnancy (Shreeve et a1. , 1978;

Etienne and Jemmali, 1979). These findings agree with those

of Long et a1. (1982) and Long and Diekman (1984) who reported

that feeding up to 15 ppm ZEN for various periods of time

after mating did not appear to affect litter development.

In the present study, all parturitions were clinically

normal but numerically more stillbirths were found in the ZEN

sows (Table 4). This is similar to the work of Miller et a1.

(1973) who observed a high stillbirth rate when sows were

allowed to consume ZEN up to farrowing time. A reduction in

litter size due to ingestion of Fusarium-contaminated

feedstuffs has been reported by Miller et a1. (1973) and

Sharma et a1. (1974). Shreeve et a1. (1978) observed no

significant effects on reproductive performance when sows were

fed moldy wheat containing 2.2 ppm ZEN. Our results tend to

agree with those of Shreeve et a1. (1978) in that a

concentration of 2.0 ppm ZEN had little effect on overall

reproductive performance. Etienne and Jemmali (1979) did not

observe a decrease in litter size at 80 days of pregnancy when

diets contained 3.61 ppm ZEN were fed. Our data on the total

number of piglets born and the number born alive support their
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observation. However, the results of the present study

suggest that there was a considerable death loss in the ZEN

group during farrowing and shortly thereafter. Even though

mortality was decreased in the combination group, no clear

relationship between ZEN and tamoxifen on fetal mortality

could be ascertained.

The data regarding the influence of dietary ZEN and/or

tamoxifen on the birth weight and weaning weight of piglets

are similar to those previously reported (Table 4). Young et

a1. (1982) found that piglet weight at birth was not affected

by levels of ZEN up to 4.8 ppm feed offered to first parity

gilts throughout pregnancy. Sharma et a1. (1974) observed

that ingestion of moldy feed.did.not influence birth weight or

the weaning weight of pigs indicating that the subsequent

lactation performance was not affected.

Thus, our data suggest that the feeding of diets

containing 2 ppm pure ZEN and/or 10 ppm tamoxifen from day 30

of gestation through lactation is unlikely to cause

appreciable reproductive problems in pregnant or lactating

sows. However, the timing of ZEN administration during early

pregnancy is important. Long and Diekman (1986) indicated

that the period from day 7 to day 10 postmating is the

critical period for ZEN to exert its detrimental effects on

early pregnancy on swine. Long and Diekman (1986) found that

embryonic 'mortality' occurred. when sows ‘were fed. 108 mg

purified ZEN daily on days 7 to 10 post-breeding but not when
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similarly dosed 2 to 6 or 11 to 15 days post-breeding. In the

sow, the intrauterine process of blastocyst migration and

spacing begins day 7 to 10 postmating (Perry et 81., 1973;

Anderson, 1978; Geisert et 81., 1982). Therefore, it seems

likely that ZEN on day 7 to 10 might alter migration of

blastocytes. This finding may explain why we did not observe

adverse effects of ZEN on the breeding'performance of the sows

in this study.

It appears that a concentration of 2.0 ppm ZEN and/or 10

ppm tamoxifen in the diet of sows that were fed during

gestation through lactation resulted in gross alterations of

the reproductive tract. This effect was manifest as obvious

changes in the weights of the ovaries and uterus (Table 5).

In the present study, ovarian atrophy and uterine enlargement

were observed with more pronounced effects in the combination

sows than in the ZEN and tamoxifen sows. However, there were

too few'animals to have any statistical meaning in view'of the

great variability of the affected characteristics.

The results of the present experiment are in agreement

with previous reports associating the consumption of Fusarium

roseum contaminated feed or ZEN with gross changes in the

reproductive tract. Ovarian atrophy and uterine enlargement

were observed in gilts ingesting ZEN (Mirocha et 81., 1968;

Kurtz et 81., 1969; Christensen, 1979; Chang et 81., 1979;

Friend et 81., 1986; 1990). The reasons for these effects are

not clear. They could be mediated by hormonal imbalance
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during’ pregnancy in. relation. to a (continuous intake, of

estrogenic compounds. Perhaps the detrimental effects of ZEN

on the development of the reproductive tract are mediated

locally through the ovary. All necropsied sows treated with

estrogenic chemicals had atrophied ovaries. Similar to the

activity of estrogen (Amoroso, 1969), ZEN acts to inhibit the

release and secretion of follicular stimulating hormone and

progesterone but increases estrogenic activity. Therefore,

the maturation of ovarian follicles during the preovulation

stage is depressed (Chang et 81., 1979) . The results of

histopathological examination of ovaries from sows in the

present experiment support the above hypothesis (Table 6).

The control sows seemed to be under the influence of

endogenous estrogen because of the obvious follicular

development in the ovaries when the animals were slaughtered

after weaning, while in sows fed treatment diets, the ovaries

contained only small follicles. This follicular maturation

arrest caused by ZEN and/or tamoxifen may cause changes in the

secretory activity of the ovary and hence the environment in

the uterus. Moreover, ZEN may impair development of the

uterus and uterine contents when fed during particular stages

of pregnancy (Etienne and Jemmali, 1982) . In the present

study, obvious histopathologic differences in the endometrium.

and uterine mucosa among the control and treatment sows were

not observed. Chang et 81 . (1979) reported that squamous

metaplasia seemed to be the ultimate characteristic effect of
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ZEN on the epithelium of genital organs. However, changes of

the uterus and cervical epithelium did not occur in all female

pigs. This is in contrast to other studies (Kurtz et 81. ,

1969; Vanyi et 81., 1976; Chang et 81., 1979; Long et 81.,

1982; Long and Diekman, 1984) in which morphologic changes in

the endometrium persisted for an extended period after ZEN

treatment. Seemingly, the ZEN treatment was of a.sufficiently

low dose that it did not cause histological changes in the

present study.

Based on the data presented in Table 5, the hypertrophic

uterine response and ovarian atrophy observed in the

tamoxifen-treated females strongly suggest that tamoxifen acts

as an estrogen agonist in the sow. Although considerable

information is available about the biological effects of

tamoxifen in a number of animal species and in variety of

tissues, very few reports pertain to pigs. Lin and Buttle

(1991b) concluded that tamoxifen is an estrogen agonist in the

uterus of immature pigs and administering tamoxifen to gilts

during late gestation did not affect the development of

mammary structures or the ability to lactate at parturition.

In the present study, the stimulation of uterine growth by

tamoxifen is similar to the results obtained with the uterus

of the guinea pigs (Sumida and Pasqualini, 1985),

ovariectomized mice (Terenius, 1971; Campen et 81., 1985) and

immature pigs (Lin and Buttle, 1991b).

The failure of 10 ppm tamoxifen to counteract the adverse
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effects of’2 ppm ZEN on sows reflects the known variability in

the biological effects of tamoxifen between species and even

between tissues of the same species (Furr and Jordan, 1984).

Tamoxifen acts as an estradiol receptor blocker in human and

rat mammary tissue, but in other species such as mice and

guinea pigs, it acts as a weak estrogen. Although a

significant interaction *was ‘not evident. between ZEN’ and

tamoxifen, our data suggest that the effect of tamoxifen was

additive to that of ZEN on the:reproductive tract of sows when

both compounds were given together. This is in agreement with

the findings in immature gilts which indicated that tamoxifen

was additive to estradiol in terms of the synthesis of total

uterine protein (Lin and Euttle, 1991b) . The concurrent

administration of tamoxifen with ZEN showed agonism between

the two compounds in the ovary as well as in the uterus. In

the present experiment, it was not possible to distinguish the

effects of tamoxifen from those caused by ZEN. Both of these

compounds seem to act on genital tissue in a manner similar to

a known estrogenic substance. Therefore, administration of

tamoxifen to sows consuming ZEN during pregnancy was not

effective as a therapeutic agent in treating ZEN toxicoses.

The absence of a ZEN effect on the swelling of vulva in

our piglets is in contrast to a previous report indicating

swollen vulvas in 21-d8y-old piglets nursing sows fed 40 ppm

ZEN (Palyusik at 81., 1980). The apparent difference between

these two studies could be due:to the low concentration of ZEN
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fed in our study. However, similar alterations in the

reproductive tracts of female piglets were obtained. The most

consistent findings in this trial were increased uterine

weights and decreased ovarian weights in piglets (Table 7).

Furthermore, the data showed that there was a tendency for

reduced testes weight when piglets were exposed in utero and

during lactation to estrogenic compounds (Table 8).

The collective estrogenic syndrome, observed in the

genital organs of both male and female offspring of mothers

fed the contaminated feed during pregnancy and lactation, lead

to the conclusion that the chemicals may pass through the

placenta affecting the embryos or fetuses and/or are present

in the milk thus affecting the developing piglets. A report

of juvenile hyperestrogenism in neonatal pigs suggested that

placental transmission of the toxin may be possible (Doman,

1970). Furthermore, the excretion of ZEN in the milk of sows

could explain the alteration observed in the newborn piglets.

Clinical observations indicated that the vulva of 1- to 2-

week-old piglets became swollen when the lactating sow was fed

ZEN (Rozsas et 81., 1978). Since piglets of this age

generally do not consume compact feed, it seems reasonable to

suppose that the source of the estrogenic toxin was the

ingested milk. Miller et 81. (1973) reported ZEN metabolites

to be present in sows' milk 12 hours after injection with ZEN.

They detected a- and B-zearalenol and negligible amounts of

ZEN in the milk. Palyusik et 81. (1980) demonstrated that
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when the feed of lactating sows contained 40 ppm ZEN, the

primary form found in the milk was zearalenol. B-zearalenol

was found in the largest quantity (82.0-86.1%), whereas a-

zearalenol and zearalenone were found on smaller quantities

(13.4-16.7% and 0.5-1.3%, respectively). The highest

concentrations of zearalenol found in the milk ranged from

0.575 to 0.790 ppm. However, Vanyi et 81. (1983) reported

that the administration of 40 ppm ZEN during late pregnancy

and early lactation did not produce the estrogenic syndrome in

piglets suckled by sows eliminating the toxin in their milk.

They concluded that the amount of toxin excreted in the milk

(0.12 ppm) was not sufficient to induce or maintain the

estrogenic syndrome in suckling pigs. In contrast to the

above reports, Young et 81. (1982) were unable to detect ZEN

or its metabolites, a- and B-zearalenol, in milk samples

obtained at day 1 and 14 postfarrow. Similarly, Shreeve et

81. (1978) were unable to detect residues of ZEN in sow milk

within 12 hours of farrowing. Therefore, it is difficult to

conclude in the present experiment that milk-borne ZEN would

play an important role in the alteration of the reproductive

tracts of the piglets. However, the possibility exists that

these piglets may have obtained ZEN and/or tamoxifen from the

sow's diet.

Alteration of behavioral sex differentiation was not

observed in pigs exposed to estrogenic chemicals during

gestation and lactation contrary to observations on female



74

rats (Gray et 81., 1985; Kumagai and Shimizu, 1982; Mess et

81., 1979). Williams et 81. (1989) demonstrated that mice

exposed to ZEN neonatally had ovary-dependent reproductive

tract alterations which were characterized by an absence of

corpora lutea, lack of stromal glands, accumulation of dense

collagen in the stroma, and squamous metaplasia of the uterine

luminal epithelium. In the study of neonatal. exposure to

estradiol and ZEN in hamsters, it was found that females were

masculinized but not defeminized. However, males receiving

estradiol treatment had smaller testes, seminal vesicles, and

cauda epididymides and 57% had epididymal cysts (Gray et 81.,

1985). These results demonstrated that a single exposure to

a weakly estrogenic chemical like ZEN during a critical

developmental period can cause the brain to differentiate in

a manner inconsistent with the female's genetic sex. However,

we did. not observe ‘the phenomena of defeminization and

masculinization in this trial. This may be due to the fact

that pigs differ from other mammals that have been

investigated because sexual differentiation of reproductive

behavior occurs during pubertal development and not during

gestation (Ford, 1990).

In the current experiment, there was a little delay in

the age of first observed estrus in the F1 gilts which were

exposed.to ZEN during gestation and lactation (Table 9). 'This

result is similar to that reported by Edwards at 81. (19878)

in that puberty was delayed by ingestion of ZEN. In the F1
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gilts, the changes in ovarian and uterine weights persisted

from weaning to early puberty in the ZEN treatment group.

Furthermore, the results of histological examination of

ovaries in the ZEN and tamoxifen groups (Table 10) indicated

that these gilts had not gone though an estrus cycle as

opposed to animals in the control and combination groups that

showed evidence of recent or impending ovulations indicating

ovarian cyclicity. Although these effects were not

statistically significant, it may suggest that in utero and

lactational exposure to ZEN could cause permanent alterations

of the reproductive capability of swine. This hypothesis is

supported by Ruzsas et al. (1979) who reported that rats

consuming ZEN-contaminated diet during pregnancy and lactation

had permanent changes in reproductive organs of their

offspring. However, in the combination F1 gilts in the

present trial, the ovarian and uterine weights as compared to

control weights were in contrast to the comparisons reported

at weaning. In addition, a decrease in uterine weight was

also observed in the tamoxifen group (Table 9). The reason

for this inconsistency is not clear, but ZEN is almost

certainly not responsible for this change. It is possible

that there were some significant changes occurring in the

pituitary-gonadal axis of these pigs after withdrawal of

tamoxifen. Therefore, the reversal of ovarian atrophy

progressed after the withdrawal of ZEN plus tamoxifen from the

diet, and the ovarian weight increased markedly. The evidence
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of ovulation and a normal estrus cycle observed in the

combination group further supported this possibility. On the

basis of these considerations, the mechanisms by which

tamoxifen acts alone as well as the interactions between

tamoxifen and ZEN to impair reproduction remain equivocal.

Although prepucial and mammary development have been

described in males exposed to ZEN (Koen and Smith, 1945; Stob

et 81., 1962), we did not observed this clinical feature.

However, there was a significant delay in the attainment of

puberty by F1 boars farrowed by sows exposed to ZEN based on

age of first mount (Table 11) . Previous reports indicated

that feeding 60 ppm ZEN for 8 weeks to mature boars did not

affect libido (Ruhr, 1979) but that feeding moldy corn rations

did (Bristol and Djurickovic, 1971) . When compared with

litter-mate controls, boars fed 40 ppm ZEN from 14 to 18 weeks

subsequently had reduced libido scores and fewer treated

animals showed mating behavior (Berger et 81. , 1981) . Changes

in the weights of testes and epididymides were observed in the

present study (Table 11). An interesting point is that the

relative epididymides weight in the combination boars was 24%

less than control value, whereas when the comparison was made

in the 21-day-old male piglets, there was a 32% increase.

This inconsistency in the combination group was similar to the

inconsistency observed in the ovarian and uterine weights of

the combination gilts.

There was a large variation in sperm concentrations among
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the groups (Table 11) . It seems that estrogenic compounds

could accelerate the maturation of spermatogenesis when

compared with the sperm production in normal 6-month-old

boars. This is in agreement with Vanyi and Szeky (19808) who

observed that spermatogenesis began in ZEN-affected boars 1.5

to 2 months earlier than in the control animals. In contrast,

Young and King (1986b) reported that feeding diets containing

9 ppm dietary ZEN to boars from 32 days up to 145 or 312 days

did not affect libido and sexual behavior, but there was a

tendency for boars to produce lower total and gel-free volumes

of semen, with lower total motile sperm. Although in utero

and lactational exposure to ZEN seems to cause testicular

atrophy in the young boar and decreased libido in the mature

boar, the effect of this mycotoxin on spermatogenesis and

fertility in the boar is still unknown. Administration of the

antiestrogen tamoxifen improved sperm count in humans (Willis

et al. , 1977) and stimulated spermatogenesis in cockerels

(Rozenboim et 81. , 1986) has been reported. Evidence of

higher sperm motility was observed in the tamoxifen group in

the present experiment. Although some boars would have been

classified as having greater reproductive potential than

others, all boars were successfully bred with females (Table

12) . Therefore, in utero and lactational exposure to ZEN

and/or tamoxifen in this study did not appear to adversely

affect the reproductive potential of mature boars.

In the study of relative binding affinity, our data
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demonstrated that both ZEN and tamoxifen can compete with

17B-estradiol for binding with uterine estrogen receptors

(Figure 5). In a previous report, it was indicated that the

biological effect (uterotropic activity) of ZEN is about 1000-

fold less than that of 17B-estradiol (Kumagai and Shimizu,

1982) . However, from the competition curve, the binding

affinity of ZEN to receptors is only 20-fold less than that of

17B-estradiol. Our results are parallel to those reported by

Kiang et 81. (1978) in which the binding affinity of ZEN and

tamoxifen was about 10-fold and 30-fold less, respectively,

than that of estradiol in the calf uterine estrogen receptor.

In their study, Kiang and coworkers further indicated that ZEN

differs from. either 17B-estradiol or ‘tamoxifen. in ‘three

aspects: (1) a second wave of translocation occurred 6 to 12

hours following ZEN injection; (2) there was a much longer

nuclear retention (over 24 hours) than in the case of 178-

estradiol; and (3) following a depletion of estrogen

receptors, ZEN induced an over-replenishment by 24 hours,

whereas tamoxifen is reported to suppress the replenishment

(Kiang at 81., 1978). As a result of these differences, it

may provide some information in the different biological

responses caused by ZEN and tamoxifen.

Another important consideration in biological activity is

that the quantity of ZEN or tamoxifen available for receptor

binding in vivo depends on the rate of 'metabolism. and

excretion. The binding affinity and biological activity of
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variable metabolites of ZEN and tamoxifen are different. In

addition, metabolism may be important in the elimination of

chemicals from target tissues. These factors must be

considered in predicting or analyzing the biological

effectiveness of ZEN and tamoxifen.



SUMMARY AND CONCLUSIONS

Experiments were conducted to determine the effects of in

utero and lactational exposure to ZEN on the sexual

development of pigs, the potential of tamoxifen as a treatment

for ZEN toxicosis, and the relative binding abilities of ZEN

and tamoxifen to porcine cytoplasmic estrogen receptors. Data

from our experiment suggest that treatment of sows during

gestation and lactation with low concentrations of ZEN and/or

tamoxifen resulted in estrogenic effects which may affect

subsequent reproductive efficiency. Ingestion of ZEN appeared

to lead to an increase, although not significant, in fetal

mortality. Sows receiving the ration containing ZEN and/or

tamoxifen had lower ovarian weights and higher uterine weights

when compared to controls. Gross and histopathologic

examination of the reproductive tract suggested that the ovary

was the primary site of injury in ZEN intoxication which

results in maturation arrest and degeneration of follicles.

Similar changes in ovarian and uterine weights were observed

in the nursing F1 piglets which raises the possibility of

transfer of ZEN and/or tamoxifen or their metabolites via the

placenta or milk. Furthermore, ZEN-contaminated diets

consumed by mothers during pregnancy and lactation may have

induced permanent changes in the reproductive organs, and

disorders in cyclicity and fertility of their female

offspring, but the reproductive potential of male offspring

did not appear to be at risk. The alterations in the genital

80
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tract caused by ZEN and/or tamoxifen could have been due to a

change in concentrations of estrogen-like compounds and.would

be expected to be more pronounced in the combination group

pigs because they were exposed to both ZEN and tamoxifen and

showed more estrogenic effects. The lack of an interaction

between dietary tamoxifen and ZEN on various measurements of

reproductive performance suggests that tamoxifen at the

concentration used did not exert a protective effect against

ZEN toxicoses but rather mimicked or augmented the estrogen

activity of ZEN on the reproductive tract. Thus, in the pig,

tamoxifen can be classified as an estrogen agonist. From the

estrogen binding assay, it was demonstrated that there was a

similar binding pattern for 17B-estradiol, ZEN, and tamoxifen

to porcine uterine estrogen receptor and the relative binding

affinity to receptors was approximately 100:5: 1, respectively.
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