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ÀBSTRACT

Zearalenone and its metabolites a- and ß-zearalenol, are estrogenic

mycotoxins that bind to the estrogen receptor in various species. The

relative binding affinity (RBÀ) of these compounds for the estrogen re-

ceptor, reflects their estrogenic potency, with a-zearalenol being the

most potent, follo¡ved by zearalenone and ß-zearalenol. This experiment

was designed to study the RBÀ of zearalenone, and a- and ß-zearaleno]

for the uterine and oviduct estrogen receptors in the pig, rat, and

chicken, to deternine whether RBA could account for the interspecies

differences in sensitivity to these compounds. À saturation binding as-

say rvas performed to determine the concentration of [3H]-estradiol to be

used in the Relative Binding Àssay, and to ensure that the cytosolic

type I high affinity binding sites were isolated. A AnM estradiol solu-

tion was subsequently used in the Relative Binding Assay, and the Kd

values for each species indicated that the type I binding sites had been

isolated (xd=10-101¡). The RBA of a-zearalenol in the pig was signifi-
cantly greaLer than in the chicken (p<0"0321). The RBÀ of a-zearalenol

in the rat, was an intermediate value between that of the pig and the

chicken. The RBA of zearalenone exhibited the same oattern as that of

a-zearaIenol, however the differences among species *uru no, statisti-
cally significant" The RBÀ of ß-zearalenol was the same in each spec-

ies. In vivo, the pig is more sensitive to the estrogenic effects of

these nycotoxins than the rat or the chicken. Therefore these results

indicate that for the more potent rnycotoxin s-zearalenol, RBA rnay par-
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tially explain the interspecies differences in sensitivity to this com-

pound.
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Chapter I

INTRODUCTiON

Zearalenone and its metabolites a- and ß-zearalenol are estroqenic

mycotoxins produced by the Fusarium mould Gibberella zeae. These com-

pounds are classified as eslrogens because of the typical estrogenic re-

sponse that they induce in animals (stob, '1983). Àt ]ow concentrations,

zearalenone and its metabolites act like anabolic "hormones", promoting

growth in laboratory and domestic animals. Àt high doses, these com-

pounds become toxic causing hyperestrogenism; hypertophy of the uterusf

mammae and vagina, and reproductive abnormalities.

The sensitivity of aninals to the toxic effects of zearalenone and

its metabolites is not uniform. For example, dietary zearalenone as low

as 5 ppm induces a pseudopregnancy state with failure to cycle in pigs,

(Etienne and Jemmali, 1982), while chickens can ingest up to 800m9 of

zearalenone kg-1 of body weight with few adverse effects (elIen et al.,
'1 98'1 ) . Rats appear to be moderaLely sensi t i ve to the tox ic ef f ects of

zearalenone and its derivatives, as 1"Omg of zearalenone kg-t of body

weight administered ora1ly causes uterine hypertrophy (Ueno et a1.,

1974) and persistent anovulatory estrus. (ttumagai and Shimizu, 1982),

The estrogenic activiLy of zearalenone and its derivatives can be

partially attributed to their ability to bind to Lhe estrogen receptor

molecule in target tissues (Katzenellenbogen et a1., 1979¡ Greenman et

â1. , 1979¡ Powell-Jones et al. , 1 981 ) . In addition, the potency of

zearalenone, and a and ß-zearalanol appears !o be related to the affini-

I
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ty of these compounds for the estrogen receptor. Àlpha zearalanol,

which is a more potent estrogen than zearalenone and ß-zearalanol, binds

with the greatest affinity to the estrogen receptor in uterine and he-

patic tissues (Katzenellenbogen et â1. , 1979¡ Powell-Jones et ê1. ,

1981).

The objective of this study therefore, was to examine the relaLive

binding affinity of zearalenone, a-zearaIenol, and ß-zearalenol for the

uterine and oviduct estrogen recepLors in the pig, rat, and chicken, in

order to determine whether possible differences in binding affinity

could account for the differences in sensitivity of these animals to the

estrogenic effects of these mycotoxins.



Chanfcr T T

TiTERATURE REVIEW

^4¿. I iNTRODUCTION

Estrogens are anabolic hormones important to the development of the

tissues involved in reproduction (Granner , 1985), In the uterus,

estrogen stimulates both lhe growth of the uterine muscle (myometrium)

and epithelium (endometrium) (Vander et â1., 1980). Estrogen is

believed to exert its effects on uterine tissue via its interaction with

a specific cel-1ular receptor protein. The exact nature of this interac-

tion remains to be elucidated.

While estrogens are hormones of primarily animal origin, there are

many plant species which produce estrogenic cornpounds. The first
evidence for plant estrogens or phytoestrogens as they are commonly

called, came from Bradbury and White (1954). They identified 53 plants

that possessed estrogen activity based on their ability to stimulate

estrus in animals" There have now been more than 20 phytoestrogens

identified, and many of these compounds have a chernical structure

similar to that of the synthetic estrogen, diethylstilbestrol
(pns) (serchell, 1985).

The principJ.e compounds responsible for the estrogenicity of plants

are: isoflavones, coumestans, and the resorcylic acid lactones

(Setchell, 1985; Stob, 1983) (r'igure 1 ). Table 1 lists some common

foods which are sources of these phytoestrogens.

-3-
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TABTE 1

Edible Plants Containing Phytoestrogens

= == === === === = = ======== = = ====== ============== == = = = = = ===== ====== == = == = ====
I sof lavones Coumestans Resorcylic Àcid

Lac Eones

soyabean
chick pea
¡horrrr

ã¿taato

soya sprouts
cot.¡ pea
green beans

UO LÐ

barley
rye
sesame

= ===== === ============= == ====== ==== ========== = = = = = == = === ======= = = ==== ====

adapted from Setchell, '1985.

Genistein, 9Bflistin, daidzen, biochanin À, formononetin and praten-

sein are the isoflavones most likely responsible for estrogenicity in

plants (Stob, 1983). The most inportant coumestans are cournestrol

(Bickoff et a1., 1957) and 4'-O-methylcoumestrol (gickoff et a1., 1965).

Zearalenone and zearalenol are the most common estrogenic resorcylic

acid lactones (StoU, 1983). It is imporLant to note that zearalenone

and zearalenol are not intrinsic plant products, but are secondary

fungal melabolites of the Fusarium rnould Gibberella zeae , ã field fungus

which can grow on poorly stored grain and seeds (Setchell, 1985)"

The isofLavones, counestans, and the resorcylic acid lactone zearale-

none and its derivatives, are classified as estrogenic compounds because

of the typical estrogenic effects that they produce in animals: hyper-

trophy of the vulva, vagina, and uterus of female mammals; hypertrophy

of the accessory glands of nale mammals; hypertrophy of the mammae, and

inhibit.ion of the hypothalamus, anterior pituitary and gonads of both

sexes; and enlargement of the vent and oviduct of avian females (Stob,

1983).
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Phytoestrogens are capable of binding to eslrogen receptors. The

ability of some of these compounds to bind to the uterine cytosolic

estrogen receptor is a measure of their relative potencies. Verdeal et

aI. ( 1980) determined the relative binding affinities of several

phytoestrogens in rat uterine cytosol to be: estradiol-'17ß> coumestrol>

zearalenone> genistein> daidzen>biochanin À> formononetin. The relative

binding affinities of some of these compounds correlates well with their

in vivo estrogenic potency as deternrined by a mouse uterine weight

bioassay procedure: DES> estrone> coumestrol> genistein> daidzen>

biochanin À> formononetin (gickotf et al., 1962). Thus an important

factor in determining the estrogenic potency of the phytoestrogens

appears to be their abiLity to bind to the estrogen receptor.

2"2 TRANSPORT OF ESTROGEN

In the circulation, estrogen occurs both free in solution in the

plasma and bound to protein (Knowler and Beaumont, 1985). In adult

vlomen, approximately 60% of. circulating estrogen is weakly bound to

albumin, 30% is strongly and specifically bound to gonadal binding glob-

ulin (Cgc)(Ganong, 198'1), and 2% remains unbound (Sodergard et al.,
1982). The unbound estradiol is considered to be the active form of the

hormone, while the bound estradiol acts as a reservoir that is in equi-

librium with lhe free fraction. The binding of estradiol lo protein

protects it fron degradation (Knowler and Beaumont, 1985).

Estrogen enters the uLerus and other target tissues (i.e., ovaries,

liver, hypothalamus, etc.) by passive diffusion, and becomes associated

with specific receptor proteins, the eslrogen receptors. The binding of

estrogen to its receptor is non-covalent but relatively strong (Jensen

and De Sombre, 1973). Estrogen can also bind non-specifically to
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various cyLoplasmic components having a relatively low affinity but high

capacity for the hormone (Stormshak, 1979).

This theory of the transport and uptake of estrogen by its target

tissues is not universally accepted. Some authors have presented

evidence that estrogen enters target cel1s by facilitated transport or

via a protein mediated step (t"tilgrom et al., 1973¡ Baulieu,1975; UrieI

et al., 1976). The plasma membrane has also been cited as an estrogenic

binding site which may play a role in the transport of hormone into the

target cell (Nenci et a1., 1981). Clearly, further research is neces-

sary to elucidate the exact mechanism by which estrogens enter their

target cells.

2.3 ESTROGEN RECEPTOR MODETTHE

À second contentious issue regarding the mode of action of estrogen

is the interaction between the hormone and its receptor molecule, of

estrophilin as it is commonly calIed. The traditional concept of the

estrogen receptor model is a two step hypothesis. Briefly, estrogenic

compounds enter the uterine cells (and other target tissues), and bind

to receptor molecules in the cytoplasm. The binding of estrogen to its
receptor coupled with exposure to physiologic tenperatures (250C-370C),

promotes a translocation of the occupied receptor into the nucleus where

the receptor-hornone conplex binds to the chromatin. In the nucleus,

the estrogen-receptor conplex stimulates the enzymes RNA polymerase i

and II (Stormshak, 1979), which ulLimately results in an increase in

proÈein synthesis and ulerine growth.
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This traditional model has been recently challenged by several groups

who believe that the estrogen receptor is associated with the nucleus

all of the time, and that the presence of unoccupied receptor in the

cytoplasm is simply an artifact of certain homogenization procedures.

The new hypothesis is that the unoccupied receptor is loosely associated

with the nucleus of target cells (tting and Greene, 1984). The binding

of estradiol to its receptor causes the receptor to become more tightly

associated with the nucleus.

Support of lhis new hypothesis comes from studies utilizing mono-

clonal antibodies to the estrogen receptor. King and Greene (1984) used

five monoclona] rat antibodies, (D547SP?, Ð58P3u, 075P37 , H2225p7,

u226Spl), to individually localize the estrogen receptor in frozen fixed

sections of human breast tumors, human uterus, rabbit uterus, and other

mammalian tissues as well as in fixed MCF-7 cell cultures, a human tumor

cell line. King and Greene observed lhat specific nuclear staining was

either absent or limited to a few cells in receptor poor breast cancers,

and negative in non-target tissues such as colon epithelium. In all
target t,issues examined, staining was confined to the nucleus and no

specific cyÈoplasmic staining for the unoccupied estrogen receptor yras

observed.

In a similar experiment, Molinari et al. (1985) used the binding of a

radiolabelled antibody to the estrogen receptor ßSZ+/lZ) to determine

the location of estrophilin in rat uterine cytosol preparations. They

found that at 250C, Lhe specific binding of this antibody was much

higher in the particulate fraction (fraction containing nuclei), than in

the solubl-e or cytosolic fraction. Furthermore, Molinari's group demon*

straLed that the appearance of the estrogen receptor in the cytosol was



probably an artifact due to changes

tissue was homogenized at OoC, 90%

was found in the cytosol. At 250C,

to be primarily associated with the

in homogenization temperature. When

of total estradiol binding activity

estradiol binding activity v¡as found

particulate fraction.

Clearly a definitive statement regarding the exact location of the

unoccupied receptor within the ceIl cannot be made at this time.

Therefore, for the remainder of this discussion regarding the character-

ization of the esÈrogen receptor and its interaction with its ligand,

the author will present the traditional view of the estrogen receptor

model. Where there is a dispute between the traditional model and

current literature, both views will be discussed.

2.4 ÀCTIVÀTION ÀND TRÀNSFORMATION OF THE RECEPTOR

The hormone-receptor complex occurs in a variety of forms, âs deter-

mined by ultracentrifugation in sucrose density gradients. In the

cytosol, the estrogen-receptor compJ-ex sediments at about 8s in low

ionic strength media (SLormshak, 1979). When Lhe ionic strength of the

media is increased, the 8s complex is reversibly dissociated into 4s

subunits. In the nucleus the hormone-receptor complex has been shown to

sediment at approximately the 5s region (Stormshak, 1979). The molecular

weights of the 4s and 5s species have been determined to be 60,000 and

'104,000 respectively (Yamamoto and Àlberts, 1972).

The 8s , 4s, and 5s forns of the esLrogen receptor are related to one

another by the processes of activation and Lransformation. Àctivation

can be defined as the increase in affinity of the receptor-hormone

complex for nuclear components, while transformation is lhe increase in
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sedimentation coefficient ( ie. the formation of the 5s species)

(Gschwendt and Kittstein, 1980). Àctivation of the estrogen receptor is

a hormone and temperature dependent process requiring temperatures of

25-370C (Jensen et al., 1968), and precedes transformation (uuller et

a1., '1983a). Àctivation appears lo involve the dissoc j.ation of the 8s

form into 4s subunits through the breaking of ionic bonds (l¿uller et

â1., '1983a) which results in the appearance of lysyl and arginyl resi-

dues on the recepLor's surface (¡¡uller et al. , 1 980; Muller et al. ,

1983b). Àctivation can be induced in vitro by increased ionic strength,

dilution, ageing or heating (Mu1ler et aI., 1983a).

Transformation is the process which results in the conversion of the

4s subunit into the 5s form of the estrogen receptor. tike activation,

transformation is dependent on temperature and the binding of ligand to

the receptor, and can occur both free in the cytosol and wilhin the

nucleus (t'tuller et al., 1983a). in experiments examining the ability of

the estrogen receptor to bind to DNA cellulose columns, Yamamoto and

Àlberts (972) demonstrated that the formation of the 5s species was due

lo the association of the 4s subunit with anoLher molecule. Thampan and

Clark (1981) found this "other molecule" t,o be a cytosolic protein that

sedimenled at 3s but did not itself bind to DNA.

To summarize, the binding of estrogen to its cytosolic receptor

coupled with thermal energy results in an increased affinity of the

receptor-hormone complex for nuclear components. This activation

process involves the dissociation of the 8s form of the receptor into

lhe 4s species. The aclivated 4s subunit then binds to a 3s cytosolic

protein resulting in the formation of the 5s form. It is this 5s form

of the estrogen-receplor complex tha! binds to nucfear componenÈs thus



stimulating the activity of

protein synthesis and tissue

I t should be noted that

involved in activation and

variables however, is beyond

RNA polymerase I

growth.

Lhere appears to be

transformation.

tho cnnno nf th i e

ano lr,

'11

and subsequent

several other processes

The discussion of these

text.

2.5 REPLENISHMENT OF THE UNOCCUPIED ESTROGEN RECEPTOR

The binding of estrogen to its cytosolic recepLor and the subsequent

nuclear translocation, results in a temporary decrease in the nunber of

cytosolic receptors. Àfter lhe administration of physiological doses of

estradiol, there is a progressive decrease in the cytosolic receptors in

rat uteri for approximately 4 hours and then they are gradually

increased to normal physiological levels (Jensen et a1., 1969¡ Sarff and

Gorski , 1971'). The replenishment of the cytosolic receptor appears to

involve de novo synthesis of the molecule rather than a recycling of the

receptor from the nucleus to the cytoplasm (Jensen and DeSombre, 1973i

Nardu]li and Katzenellenbogen, 1986) 
"

It should be noted that the new concept of the estrogen receptor

model can account for the apparent decrease in cytosolic receptor

concentration that is observed after the administraLion of physiological

doses of estradiol to rats. Às mentioned, the new model proposes that

the unoccupied receptor is loosely associated with the nucleus and the

binding of estradiol lo the receptor causes the receptor-hormone complex

to become tightly bound lo nuclear components. With the receptor-

hormone complex tightly bound to lhe nucleus, Do estrogen receptors

would lherefore be detected in the cytosol after the administration of

estradiol.
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2.6 TYPE II ESTROGEN BINDING SITES

In addition to the classical estrogen receptor (type i ), there

appears to be a second estrogen receptor that is found in both the cyto-

plasm and nucleus of the uterine cells. The cytosol of immature rat

uteri contains a proteinaceous macromol-ecuIe which like the type I

receptor, exhibits stereospecificity for estrogenic compounds, (CIark

and Markaverich, 1981) but unlike the type I receptor, does not undergo

nuclear translocation (nriksson et a1., 1978¡ Clark et â1. , 1 978 ) .

ÀÌthough these type II sites appear to have a lower affinity for

estrogen than the type I receptor, they are found in greater quantity

within the ce11 (Clark and Markaverich, 1981). Estradiol administration

to rals causes an increase in the level of a second nuclear estrogen

receptor, (Eriksson et â1. , 1 978 ) , however unlike the classical

receptor, this second binding site does not appear to be a result of a

translocation from the cytosol. Instead, it may be derived from some

activation process (Clark and Markaverich, 1981).

The significance of these type II nuclear sites is that they may be

imporLant for mediating the effects of estrogen on its target tissues

(i.e", increasing uterine weight and growth). Markaverich and C1ark,

(1979) observed that when mature castrated rats were given a single

injection of estradiol, maximal levels of type I and Ii sites were seen

after one hour. The number of type I siÈes then gradually decreased to

control levels by 72 hours. The number of type II sites also gradually

decreased but were maintained 2-3 fold above control levels 72 hours

after estradiol iniection.
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In a second experiment, ovariectomized rats were treated with

paraffin pellets containing either estradiol or estriol and killed 48

hours Iater (Markaverich and Clark , 1979). Both estrogens caused a

sustained elevation of occupied type i sites and a 6-8 fold increase in

the number of nuclear type II receptors. Furthermore, it was observed

that the elevation of type II sites correlated with the ability of the

estrogens to stimulate true uterine growth and this correlation was

stronger than that found for the classical estrogen receptor. Thus one

can conclude that the retention of type i sites in the nucleus and the

sustained elevation of nuclear type II sites appears to be crucial for

mediating the uterobropic effects of estrogen.

There is some evidence to suggest that the nuclear type II estrogen

binding sites are localized in the nucleolus and that disul-phide bonds

may be involved in the estrogen-receptor interaction. Whelly (1986)

observed that in rats who had received a single injection of

17B-estradiol, the number of type II sites in the uterine nucleolus

greatly exceeded the number of sites found in the nucleus. Conversely,

while type I receptors were found in nuclei, none were found in the

nucleoli" The quantity of lhese estradiol-induced nucleolar receptors

was found to be reduced by the presence of dithiothreitol, (a compound

which reduces disulphide bonds), suggesting that disulphide bonds may

play a role in these binding sites. 0f even greater significance was

the observation that there rlas a strong correlation (r=0.91) between the

estradiol binding activity of the nucleolar receptors and the rate of

estrogen induced nucleolar transcription ( i.e. , the ability of the

nucleoli to synthesize RNA). It appears that it may be the binding of

estrogen to lhe type II receptor in the nucleolus of the uterine cell
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subsequentthat is responsible

protein synthesis and

for the increase in

true ulerine growth.

¿.1 ESTROGEN RECEPTORS OF S}¡INE POUTTRY

The presence of type I and type II estrogen receptors is not an

exclusive property of the rat uterus as these receptors have been

isolated in other animal-s such as the pig. Tolton et aI. (1985) in

examining the effects of pregnant mare's serum gonadoLrophin (p¡¡S) and

human chorionic aonadotrophin (hCG) on uterine '178- estradiol receptors

in prepubertal gilts, observed a significant number of both type i and

II receptors in these animals. Scatchard analysis of estrogen binding

!o uterine cytosol produced hyperbolic curves indicative of two binding

sites: one with the high affinity and low capacity for estrogen typical

of type I receptors, and the other with the low affinity and high

capacity typical of the type II sites.

The presence of type I binding sites has been denronstrated in both

the chick and hen oviduct (Harrison and Toft, 1975; Kon et aI., 1980).

The presence of type iI binding sites in the chicken oviducl has not

been conclusively demonstrated, as type II sites have been detected in

Èhe chick (smitn et al., 1979) but not in the hen (Kon et al., 1980)"

Further studies are required to determine whether the presence of type

Ii estrogen binding sites in the chicken oviduct is an age related

phenomenon.

As one might expect, t,he concentration of the uterine estrogen recep-

tors fluctuates during the estrous cycle of animals, reflecting the

changes in estrogen secretion of the ovaries (stormshak, 1979).

ÀNDTHE
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Generally, the concentration of the estrogen receptor is maximal during

proestrus when ovarian secretion of estrogen is also maximal.

2,8 THE TOXIC EFFECTS OF ZEÀRÀIENONE ON SWINE, RÀTS AND POULTRY

The Fusarium mycotoxin, zearalenone, and its derivatives affect labo-

ratory and domestic anirnals by binding to estrogen receptors. Às

mentioned previously, zearalenone and its derivatives are anabolic

"hormones" capable of increasing growth in animals. indeed the compound

c-zeara1anol, a tetrahydro derivative of zearalenone (Katzenellenbogen

et aI., 1979), is marketed under the name of "Ralgro" and is used as an

anabolic arowth promoter in sheep and cattle (Hurd, 1977). Zearalenone

when administered to animals in Iarge doses however, is toxic, resulting

in hyperestrogenism and reproductive problems and abnormalities.

The toxic effects observed in animals exposed to zearalenone varies

with the species: poultry are relativeLy refractory, rats moderately

sensitive and swine markedly sensitive to the compound. Data fron

several experiments show that poultry can ingest up to 800m9 kg-1 body

weight of zearaLenone per day with few adverse effects. At this dose

only the weights of the testicles and combs were found to be signifi-

canÈIy less than in control animals, (ÀIlen et al., 1981) while other

organs appeared !o be unaffected by the compound (Chi et al., '1980a; Chi

et a1. , 1 980b) 
"

The number of doses of zearalenone and the route of administration

appear to influence the estrogenicity of this toxin in poultry. Chi et

a1. ('1980a) observed that a singJ.e dose of zearafenone (15"09 kg-t )

failed to stimulate oviduct growth and weight gain in chickens, while

repealed smaller doses resulted in increases in both parameters. The
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estrogenic effects of zearalenone rvere also observed to be more

pronounced in birds who were injected inlramuscularly with the compound

over a period of several days when compared to birds who were dosed via

oral intubation.

Àdministration of a single dose of 'l .Omg of zearalenone to neonatal

rats has been shown to cause persistent anovulatory estrus (Kumagai and

Shimizu, 1982). In rats, ovarian weights were decreased compared to the

control animals and the outer parts of the ovaries were found to be

swollen with many large follicles, both growing and atretic. No newly

formed corpora lutea were found in the ovaries, and the existing corpora

lutea showed histological involution due to cell degeneration and

resorpt i on .

The reproductive abnormalities observed in rats exposed to zearale-

none are even more pronounced in swine. Feeding swine zearafenone in

concentrations greater then 60 ppm results in: miscarriage, non

viability of the fetuses, failure to farrow and prolonged maintenance of

corpora lutea (long et al., 1983; Long and Diekman, 1984). Às well,

zearalenone appears !o cause a reduction in serum progesterone levels in

swine which interferes with normal cycling in the animals (Long et al.,

1983; tong and Diekman, '1984). Even at relatively low concentrations

(<5 pprn), the estrogenic effects of zearalenone can still be observed in

swine, such as the induction of a pseudopregnancy state with failure to

cycle in gilts and a reduction in fetal and placental membrane weights

in pregnant animals (Etienne and Jemmali, 1982r.
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2.9 THE INTERACTiON OF ZEARALENONE WITH THE TYPE I ESTROGEN RECEPTOR

It is clear that zearalenone acts like an estrogen in both laboratory

and domestic aninrals. The estrogenic effects of this mycotoxin appear

to be due to its ability to bind directly with the type I estrogen

ronanfar¡ eveì/ev¡ .

Competitive binding assays show that zearalenone and zearalanol are

capable of inhibiting the binding of estradiol to its cytosolic receptor

(Katzenellenbogen et a1., 1979¡ Greenman et a1., 1979), indicating that

these toxins must also be capable of binding to the estrogen receptor.

Katzenellenbogen et a1. f979) observed that when various concentrations

of [ 3tt] a-zearalanol were incubated in rat uterine cytosol, the

resulting binding curve had the sigmoidaÌ character of a saLurable

binding system, with the capacity of 1.4pmo}/ulerine equivalent. This

level of binding of zearalanol to the esLrogen receptor was equivalent

to Lhat seen by saturating leve1s of estradiol. Furthermore, sedimenta-

tion analysis on 1ow salt sucrose gradients indicated that the

zearalanol-receptor complex sedinented as an 8s species as does the

estradiol-receptor complex.

Zearalenone and some of its derivatives are also capabl-e of causing a

translocatíon of the estrogen receptor from the cytoplasm to the

nucleus. Katzenellenbogen et al. (979) observed that a single '1 .Omg

injection of zearalenone, d- or ß-zearalanol into raLs caused an

increase in nuclear receptor sites and a decrease in cytoplasmic

receptor sit.es. Nuclear receptor levels in uteri in rats injected with

zearalenone or ß-zearalanol decreased to near control levels by 12 hours

and cytoplasmic receptor levels remained elevated above control leve1s

aL 24 hours. Àlpha zearafanol on the other hand, produced prolonged
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elevation of nuclear receptor levels with a corresponding retardation in

cytoplasnric receptor replenishment. Sedimentation analysis on high salt

sucrose gradients showed that the a-zearalanol-receptor complex sedi-

mented at approximately the 5s

estrogen receptor.

region as does the classical type I

The results of Greenman et al. (1979 ) agree wi th those of

KatzenelLenbogen's group that zearalenone and zearalanol stimulate the

translocation of Èhe cytoplasmic estrogen receptor into the nucleus.

Five micromoles of unlabelled zearalenone and a-zearalanol were incu-

baLed with isolabed uterine horns at 370C for 30 minutes and a nuclear

exchange assay rlas used to determine the amount of receptor present in

the nucleus. Both zearalenone and zearalanol increased the number of

exchangeable nuclear sites above endogenous levels. Greenman's group

also observed that zearalanol was a more potent estrogenic compound lhan

zearalenone and brouqht about maximal accumulation of exchanqeable

sites.

it is clear that like esLrogen, the effects of zearalenone and its

derivatives are mediated by their specific binding lo, and interaction

with, the classical type I estrogen receptor. There is no informaLion

available as to whether zearalenone is also capable of binding to the

type II estrogen receptors. Às the binding of estrogenic compounds to

the nuclear type II sites and the retention of these sites within the

nucleus appear to be important in the long term growth effects of

estrogen on Èhe uterus, it is necessary that. further research be

conducted to ascertain whether zearalenone and its derivatives can also

bind to these receptors and lhereby stimulate true uterine growth.
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À second question to be addressed is how can a compound such as zear-

alenone bind to the estrogen receptor when it does not possess a steroid

structure? Zearalenone, its derivatives, and the other resorcylic acid

lactones, (Figure 2) possess a phenolic chemical structure (Hacking,

1983), which would seem to be an unlikely ligand for the estrogen

receptor nolecule

À possible explanation for the ability of zearalenone and its deriva-

tives to bind to the estrogen receptor despite their phenolic chemical

stucture, is the relatively close spatial similarities that exist

between estradiol and lhese mycotoxins (Hurd, 1977; Lindsay, 1985).

ÀIpha zearalanol and estradiol are both '10-11 Ào in lenglh and are of

similar lipophilicity (r,indsay, 1985). SimilarIy, the substance

Mentzer's coumarin has a chemical structure and anabolic activity homo-

logous to that of a-zearalanol (Hurd, 1977). These molecules are

approximately the same length differing by only 1-2 Ào and both

compounds possess similar oxygen containing functions at the ends of

their ring systems. The distance between lhe pair of oxygen functions

for both substances is about 11 Ao. Thus the estrogenicity of zeara-

Ianol and olher compounds may be a result of the placement of atoms

relative to one another within the molecule, in a manner similar to Lhat

found in estrogen (Hurd, 1977). One would therefore expect that the

more similar a compound's nolecular structure is to that of escrogen,

the more readily it would bind to the estrogen receptor, and thus the

more potent the molecule would be"

The fact that zearalenone does not have an identical molecular struc-

ture to estrogen, is probably the reason why this mycotoxin is not as

potent as the hormone. Katzenellenbogen eÈ al. (1979) observed that
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although zearalenone and a- and ß-zearalanol were able to stimulate

uterine growth in rats, none of these mycotoxins stinulated growth to

the same extent as estradiol. Àlpha zearalanol was found to be the most

potent stimulator of uterine growth followed by zearalenone and

ß-zeara1anol. The relative binding affinities of zearalenone and its

derivatives are also less than that of estradiol (Katzenellenbogen et

â1., 1979). Àgain a-zearalanol appears to be the most potent compound

in this regard having a greater binding affinity than either zearalenone

or ß- zearalanol.

The most useful indicator of the potency of estrogenic compounds is

their ability to induce the synthesis of a specific protein (Ip) within

the first hour after hormone administration (Katzenellenbogen and

Gorski, 1975). IP protein consists of creatine kinase and enolase

(neiss and Kaye, 1981)" Katzenellenbogen et al. (1979) observed that

while 0.25u9 of estradiol produced a 50% induction of IP synthesis, 14

Limes as much a-zearalanol, 48 times as much zearalenone, and 680 times

as much ß-zearalanol were required to elicit an equivalent response.

These differences in potency that exist among the various zearalenone

derivatives can probably be atÈributed to their differing moLecular

structures. For example, zearalenone which exhibits only 1/4 of. Ehe

uterotropic activity of a-zearalanol in vitro, differs from a-zearalanol

in having a double bond at the C-1 1/C-12 postion and carbonyl group at

C-7 instead of a hydroxyl group (tindsay, 1985). Thus lhe lack of both

a double bond and a carbonyl group in the s-zearalanol molecule appears

lo alter its 3-dimensional structure in such a r+ay that it makes the

mycotoxin a more suitable substrate for the estrogen receptor.

Àpparently, the better the ,fit' between lhe mycoloxin and the estrogen

receptor, the more potent Lhe compound is likely to be.
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2.10 SUMMÀRY

The physiological effects of estrogen on the uterus are due to its

binding to and interaction with its receptor mo1ecu1e. More specifi-

cally, it appears that it is the retention of the type I binding sites

and the sustained elevation of the type II binding sites v¡ithin the

nucleus that is responsible for true uterine growth. There is some

evidence to suggest that the type II sites are localized within the

nucleolus and that important disulphide bonds may be involved in the

hormone-receptor complex.

Zearalenone is a mycotoxin possessing estrogenic activity. Poultry

are reLatively refractory, rats moderately sensitive and swine are mark-

edly sensitive to the estrogenic effects of zearalenone and its deriva-

tives. Às zearalenone and several of its derivatives are capable of

binding to and interacting with the classical type I estrogen receptor,

it is possible that the differing sensitivities of aninals to these

mycoLoxins may be due to differences in the relative binding affinities

of these compounds for the estrogen receptor.

The various zearalenone derivatives differ markedly in their estro-

genic potency with a-zearalanol being more potent than either zearale-

none or ß-zearalanol. These mycotoxins however are all far less potent

than estrogen, probably because of t.heir phenolic chemical structure.

It appears Èhat Lhe structure and estrogenic potency of the various

zearalenone derivatives are intimately related. The better the ufitu of

the mycotoxin with lhe estrogen receptor, the more potent the compound

will be.



Chapter IiI
MÀTERIALS ÀND METHODS

3 . 
.1 

Bi NDi NG ÀSSÀYS

For the relative binding assay, the method of

(1981 ) was followed, but with minor modifications

tritiated estradiol solution was used instead of a

ization buffer volume was adjusted so that the

would have similar protein concentrations. Three

for each animal soecies.

For the saturation binding assay,

( 1981 ) was followed (eppendix B).

animaL species.

Murphy and Sutherland

(appendix e). À 4nM

1nM, and the homogen-

cytosol preparations

trials were performed

method of Murphy and Sutherland

trial r+as performed for each

the

0ne

Cytosolic protein concentrations $rere

towry meLhod of Oyama and Eagle (1956).

determined by the modified

3.1 .1 Preparation

3. 1 .'1 .1 Rats

of Tissues and Cvtosols

Immalure, fenale Sprague Dawley rats (21-27 days of age) were

purchased from the University of Manitoba animal holding facility. Rats

were killed by decapitation, their uteri were excised and cleared of all
surrounding fat and mesentery, then frozen immediately on dry ice. The

tissue was then kept frozen aL -700C until required.

-¿5-



A TE-DTT homogenization buffer was used

both assays. This buffer consisled of

dithiothreitol (prr), pH 7.4. The TE-DTT

each trial.

24

in preparing the cytosol for

TE (nppendix À) plus 1 .OmM

buffer vras prepared fresh for

To prepare the cytosol, 0.959n (approximately 25 uteri) of tissue was

kept on dry ice, minced finely with a scalpel, and hornogenized in a

siliconized glass test tube with 9.5mI of ice cold TE-DTT buffer. The

sample was homogenized on ice by !wo-5 second bursts of a Brinkman

Polytron PT'10-35, ât setting number 6, with a PT 10 S generator. À

15-20 second cooling period was allowed between bursts. The tissue to

hornogenization buffer ratio was 1:10 (w/v) which resulted in a cytosolic

protein concentration of 5.3mg/m1t'1.59mg/m1(s.g.M. ). The homogenate was

transferred to polycarbonate centrifuge tubes and centrifuged at

105,000xg for 45 minutes at 40C. The supernatant r+as removed with a

pasteur pipet to exclude the fat layer, and kept on ice.

3,1 ,1 "2 Pigs

Imrnature, female Managra pigs (28-35 days of age) were obtained from

the DeparÈment of Anina1 Science, University of Manitoba. The animals

were killed by electrocution supervised by the university veterinarian,

and their uteri were excised and treated in the same manner as for the

rats.

The preparation of the pig uterine cytosol was identical to that of

the rat with the exception of the following rnodifications. Two uteri,

or approximately 0.959m of tissue, were homogenized with 9.5m1 of ice

cold TE-DTT buffer to give a 1:5 tissue to homogenization buffer raLio"
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This was necessary in order to obtain a cytosolic protein concentration

similar to that of the rats (5.1mg/mLt0.3Omg/m1). It was also necessary

to homogenize the pig uteri with three - 5 second bursts of the polytron

in order to achieve an adequate degree of homogenization.

3.1.1.3 Chickens

Imnature female teghorn chickens, (De Kalb-XL) (46 days of age), were

obtained from the Department of Ànimal Science, University of Manitoba.

The animals were killed by cervical dislocation, and their oviducts were

excised and treated in the same manner as for the rats.

The preparation of the chicken oviduct cytosol was identical to the

procedure used for the rats (0.95gm of tissue rlas equivalent to approxi-

mately 15 oviducts). The cytosolic protein concentration was determined

to be 3,Zng/nl!0. 1 1m9/m1.

5"¿

3 .2.1

STÀTI STI CÀL ÀNÀLYSI S

Relative Bindinq Àssay

For each species, a competitive binding curve was drawn for each of

the three trials. The relative binding affinity of DES and each myco-

toxin was then calculated from each curve (Appendix C).

Data was analyzed using the Statistical Ànalysis System (S¡S), 1983

version. À two way analysis of variance (¡HOve) was used on the rela-

tive binding assay Lo determine the independent effects of mycotoxin and

animal species on relaLive binding affinity. Bonferroni's test, for

pairwise comparisons rvas used to test for significant differences

between means.
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3.2.2 Saturation Bindinq Àssav

One saturation binding curve and one Scatchard plot were drawn for

each species. The Scatchard plots were derived by Ordinary Least

Squares (OtS) regression analysis. As only one saturation binding assay

trial was performed for each species, no statistical analyses rlere

c onduc ted .



Chapter IV

RESUTTS ÀND DISCUSSION

L1

ti11

RESULTS

Saturation nindinq Assay

The saturalion binding curves of the pig, rat and chicken are illus-
trated in Figures 3,4 and 5. Saturation of the estradiol binding sites

occurred at estradiol concentrations ranging from 2.0 to AnM.

Scatchard plots for the three species are shown in Figures 6,7 and 8.

The tern n/u represents the ratio of the concentration of [3H]-estradiol

specifically bound to the estrogen receptor (g), to lhe concentration of

estradiol that remains unbound (u). The r2 vaLues associated with the

Scatchard plots for the pig, rat and chicken were 0,34, 0.34 and 0.92

respectively. The equilibrium dissociation constants (xa) for the

estrogen receptors in the pig, rat and chicken vrere determined to be

0.53nM, 2"29n14 and 0.23nM respectively. The concentration of binding

sites in the pig, rat, and chicken were determined to be 0.8pmo1/mg

protein, 1.Spmo1/mg protein and 0.'14pmoI/mg protein respectively.

-27 -
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Fig.4: Satu¡ation þi¡rting Assay for [3U]-Estrâdiot
with the Uterine Cltosol of the Rat
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Fig.5: Saturation Binding Assay for ¡3U¡-estradiol
with the Oviduct Cltosol of the Cbicken
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4t/ Relative Bindinq Assay

This is the first study to conpare the relative binding affinty (nn¡)

of zearalenone I a-zearalenol, and ß-zearalenol for the uterine and

oviduct estrogen binding site in pigs, rats and chickens.

Representative relative binding curves are presented in Figures 9,'10 and

11 and indicate that the different species exhibit similar relative

binding patterns for DES, d-zearalenol, zearalenone, and ß-zearalenol.

The RBÀ values of the mycotoxins were calculated according to the meLhod

outlined in Àppendix C.

The initial analysis of variance of the data (Àppendix D) indicated

that there rras a significant interaction (p.0.0005) between the myco-

toxins and each species which precluded any analysis of the independent

effects of Èhese variables on RBÀ. Investigati.on of this interaction

revealed that the binding pattern of the mycotoxins was inconsistent

among species (nigures 12 and '13). Figure 12 is a plot of the indi-

vidual RBÀ values of DES and a-zearalenol from each triat for each

species, and Figure 13 is a plot of the individual RBA vaLues of zeara-

lenone and ß-zearalenol from each trial for each species. In Figure'13,

the RBÀ values f.or ß-zearalenol are close to zero, and are therefore

superimposed on one anoLher.

The only significant dífference in RBÀ that was observed between

species vlas for a-zearalenol (tabte Z). The RBÀ of a-zearalenol for the

pig uterine estrogen receptor rYas significantly greater (p.0.0321) than

for the chicken oviduct receptor. The RBA of a-zearalenol for the rat

estrogen receptor rvas an inLermediate value between that of the pig and

the chicken, and therefore no significant differences rvere observed in
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Fig. 9: competitive Binding Assay of DES, a-zearalenol,T*aralenone and
p-7æ,aralenol with Uterine Cltosol from the pig.
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Fig.l0: Competitive Binding Assay of DES, æ7æaralenol,T*,aralenone and
g-7æ,aralenol with Uterine Cltosol from the Rat.
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Fig.lt: C.ompetitive Binding Assay of DRS, a-7*aralenol,T*aralenone and
g-7*aralenol with Oviduct CVtosol from the Chicken.
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Fie.l2: Comparison of the Relative Binding Afñnities
of DES and a-Zæ,aralenol for the

Uterine & Oviduct Qrtosolic Estrogen Receptors
in Pigs, Rats and Chickens
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Fie.l3: Comparison of the Relative Binding Affinities
of 7æ,aralenone and g-7*aralenol for the

Uterine & Oviduct Cltosolic Estrogen Receptors
in Pigs, Rats and Chickens
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lhe RBÀ values between the rat and the pig, and the rat and the chicken

(ri gure '1 2 ) .

The pattern of RBÀ for zearalenone (figure 13) vlas sirnilar to that

exhibited by a-zearalenol (Figure '12). However, the apparent differ-
ences among the species were not found to be statistically significant,

although they may be biologically significant. For ß-zearaleno1, there

were no significant differences in RBA arnong the three species (figure

1?ì

It should be noted however, that the three nycotoxins did exhibit

their characteristic binding patterns within each species. Àlpha zeara-

lenol exhibited the greatest affinity for the estrogen receptors in all
three species, while ß-zearalenol exhibited the least affinity.

4.2 DISCUSSION

4.2.1 Saturation Bindinq Assay

The saturation binding assay was performed to ensure that the Type I

high affinity binding sites had been isolated, and to determine the

appropriate conditions for the reLative binding assay. Às saturation of

the estradiol binding sites occurred at estradiol concentrations of 2.0

to 4nM, 4nM was chosen as the estradiol concentration that would satu-

rate the estrogen receplors in all three species. This concentration of

estradiol is comparable to lhat reported in the literature which typi-

cally ranges from 2.2 to 1OnM (Smith et al., 1979¡ Katzenellenbogen et

â1., 1979) 
"

ProgesLerone ulas used to check the binding specificity of the

estrogen receptors in each species. Progesterone does not bind t,o the
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eslrogen receptor, and therefore no decrease in estradiol binding (total

counts) should occur when this compound is added to cytosol prepara-

tions. In this experiment, progesterone did not decrease estradiol

binding in any of the three species, (figures 3,4 and 5) and therefore

the receptors that were isolated s¡ere specific for estrogen.

The Kd varues for each species indicated that the type I binding

sites had been isolated. The Kd value of the chicken estrogen receptor

was 0.23nM which is consistent with the range of 0.11 to 0.86nM reported

in the literature (snith et aI., 1979¡ Harrison and Toft, 1975). The Kd

value for the pig estrogen receptor rvas 0.53nM which is similar,

although somewhat lower than the value of 1.372nM reported by Tolton et

al. (1985) for the immature pig. The lower value reporLed here may be

a result of the Low rz value associated with the Scatchard plot

(r2=0.34).

The Kd values for the type I estrogen receptor in the innature rat

range from 0.12 to 1.OnM (Katzenellenbogen et al., 1g79¡ Barbanel and

Àssenmacher, 1984; Eriksson et al., 1978). The observed varue ot z"29nM

is similar although somewhat larger than the reported values, and may be

a result of the low rz value associated with the Scatchard plot
(12=0.34). it should be noted that Lhe Kd value reported here is
substantially less than lhe Kd values of. 20 to 33nM reported for the low

affinity, type II estrogen binding site (nriksson et al., 1978i clark

and Markaverich, 198'1). Therefore the rat uterine estrogen recepE,ors

Èhat were identified were the high affinity type I binding sites.

The concentration of binding sites in the rat and chicken as deter-

mined in this experiment is comparable to that reported in lhe liLera-
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ture. The concentration of receptors in the rat rlas 1.5pmoI/mg prolein

which is similar to the level of 2.3pmo1/m9 protein reported by Barbanel

and Àssenmacher (1984). The concentralion of receptors in the chicken

was 0.14pmo1/mg protein which is similar to the amount of 0.1Opmo1/mg

protein reported by Harrison and Toft (1975). Tolton et al. (1985)

observed that the concentration of receptors in the prepubertal and

adult pig ranged from 5-1Opmol/mg protein, which is substantially higher

than the value of 0.8pmol/mg protein determined here. This difference

may be due to the age of the animals used by Tolton's group which were

otder than the pigs used in this study (149-152 days vs 28-35 days). it

should be noted that the concentration of binding sites in the chicken

was approximately tenfold lower than for the rat. This difference in

the number of estrogen receplors has been observed by other researchers

(Harrison and Toft, 1975).

The lower concentration of receptors detected in the chicken is a

possible explanation for why its saturation binding curve was different

from that of the other species (Figures 3,4 and 5). The level of

specific binding in the chicken was lower than that of the rat and the

pi9, and the specific binding curve reached saturation at a lower

concentraLion of estradiol. With less receptors available than lhe rat

or the pig to bind estradiol, the lower level of specific binding that

was observed in the chicken rvas not unexpected.

There are several possible explanations for the atypical shape of the

Scatchard plot for the rat uterine cytosol (Figure 7). First, the

binding of eslradiol to its receptor stabilizes the molecule. As there

are a large number of estrogen receptors in the rat uterine cytosol, low

concentrations of estradiol will not saturate the receptors which may
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result in degradation of lhese molecules. Second, it is possible that

the estrogen receptors are displaying positive cooperativity. Positive

cooperativity describes the "interaction in which the receptor shows

increased affinity for estradiol with increasing estradiol occupancy of

the receptor" (wotides et al. , 1 981 ) . Positive cooperativity could

therefore account for the increase in estradiol bindinq that is

observed.

4.2.2 Relative Bindinq Assay

In this study I s-zearalenol was approximately tenfold more potent

than zearalenone, and a hundredfold more potent than ß-zearalenol in

lerns of RBÀ. A significant difference in the RBÀ's of zearalenone and

ß-zearalenol for the estrogen receptors of the different species vlas not

observed, probably because these compounds are weak estrogens. The lack

of a significant difference in the RBÀ values of these compounds was

therefore not unexDected.

À significant difference in the in vitro RBA of a-zearalenol rvas

observed only between the pig and the chicken, and not these species and

the rat" This v¡as unexpected because in vivo, the pig is the most

sensitive animal to the estrogenic effects of zearalenone, followed by

the rat and the chicken. There are several possible explanations for

why a significant difference in RBA was not observed between the rat and

the other species. Firstly, the small number of trials used in this

sLudy most cert,ainly contributed to the variability of the data. If
more lrials had been conducted, it is possible that a significant

difference in RBÀ would have been observed between the rat and the oLher

spec i es .
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Second1y, there appears to be several cytosoJ.ic factors that affect

the binding of ligand to the estrogen receptor. Cytosolic proteins

which bind to the receptor-hormone complex, (known as estrogen receptor

binding factors, or ERBF's), have been identified which prevent the

translocation of the receptor-hormone complex into the nucleus (rukai

and Murayama, 1984). Fukai and Murayama observed that the affinity of

the receptor for the ERBF's was decreased tenfold by the presence of 1mM

Mg2* in porcine cytosol, indicating that the concentration of Mg2* ín

the cytosol may be important in determining the affinity of the estrogen

receptor for various ligands. Differing concentrations of Mg2* and

other ions in the cytosol could therefore affect the RBA of q-zearalenol

for the estrogen receptor in the three species tested. Às well, the

disruption of tissue lhat occurs during homogenization could have

exposed the receptors to cellular components similar to the ERBF's,

which alter their normal binding characteristics. The degree to which

the receptors are altered may be species specific, which could account

for the lack of a significant difference in the RBA of a-zearalenol in

the rat compared to the other species.

The presence of phosphate in the cytosol may also affect the binding

of ligand Lo the estrogen receptor. A nuclear phosphatase has been

isolated which inactivates estradiol binding to its receptor. Estradiol

binding can be reactivated however by a cyLosolic kinase in the presence

of [132p]¡tP, CaZ*, and calmodulin (uigliaccio et al., 1982). It is

possible that the activity of these enzymes may differ among rats, pigs

and chickens thereby accounting for the differences in RBA observed in

these animals. In addition, cellular Ca2* and calmodulin levels could

also affect the RBÀ of various compounds by their associaÈion with the
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kinase enzyme. Further studies are necessary to examine the roles of

cytosolic binding factors, ceIlu1ar Ca2* and Mg2* leveIs, and cytosolic

kinase activity in the in vitro binding of ligand to the estrogen

receptor in rats, pigs, and chickens.

The differences in sensitivity that swine, rals and chickens exhibit

towards zearalenone and its derivatives in vivo, rây be due to how they

rnetabolize these compounds. Kiessling and Petterson ('1978) observed

that zearalenone is metabolized by two main routes in the rat liver.

The primary pathway is lhe conjugation of zearalenone with glucuronic

acid, and the secondary route is the reduction of zearalenone to the

alcohol forns, q.-zearalenol and ß-zearalenol. Kiessling and Petterson

hypothesized that the enzyme responsible for zearalenone reduction was a

NÀDH dependent hydroxysteroid dehydrogenase. 01sen et a1.(1981) demon-

strated that lhe reduction enzyme was 3a-hydroxysteroid dehydrogenase

(3c-HSD). This enzyme is involved in the metabolism of steroids, there-

fore a second mechanism by which zearalenone could exert its estrogenic

effecLs in animals is interference with steroid metabolism (¡tiesslinq

and Petterson, 1 978 ) .

The concept that 3a-HSD is the primary zearalenone reducing enzyme is

not universatLy accepted (Ueno et al., 1983). Therefore, further inves-

tigaLion is required to determine which liver enzyme system is involved

in zearalenone metabolism. It is possible that zearalenone may not be

metabolized exclusive).y by one enzyme system, which could account for

the discrepancies in the literature.

The met,abolism of zearalenone among animal species varies as to the

subcellular localization of the netabolizing enzymes in the liver, Lhe

metaboliles formed, and the coenzyme required. 0lsen and Kiessling
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(1983) observed that the pig has the highest in vitro reducing activity

in the microsones for the formation of both s- and ß-zearalenol. The

pig liver cytosol also possesses limited zearalenone reducing activity.

The cow and the hen have the highest reducing activity in the microsomes

for the formation of a-zearaLenol with either NADH or NADPH, but only

f.orn ß-zearalenol in the cytosoL r,rith NÀDPH as a coenzyme. I.iith NADPH,

sheep on the otherhand, have the highest activity in the cytosol for the

formation of q-zearalenol. In the rat, the highest zearalenone reducing

activity for the formation of a-zearalenol is associated with the liver

microsomes with either NÀDH or NÀDPH (Ueno et aI., 1983). Thus the pig

appears to have a broader capaciLy to reduce zearalenone than the cow

and the hen (Olsen and Kiessling, 1983), as well as the rat.

The greater in vilro reducing capabilities of porcine tissues

compared to that of other animals is also reflected in porcine in vivo

metabol i sn of zearalenone. Olsen et al . ( 1 985 ) observed that when a

prepubertal gilt was fed 192u9 of zearal-enone kg-tof body weight for 4

days, the plasma concentration of a-zearalenol rose 3-4 times Lhat of

zearal-enone. However, the urinary level of zearalenone was higher Èhan

that of a-zeara1enol, and no ß-zearalenol was detected in either the

plasma or urine. In an experiment comparing the effect of feed restric-

tion on zearalenone metabolisrn in the rat, niritsy eL aI. , ( 1 987 )

observed that in control animals fed 1.Omg of zearalenone kg-t of body

weight , the major excretory compound rtas free fecal zearalenone,

although subsÈantiaL anounts of boLh free and conjugated zearalenone, c-

and ß-zearalenol were found in lhe urine. In chickens, approximately

equal amounts of a- and ß-zearalenol are found in the feces, âs well as

some zearalenone (t'ti rocha et al . , 1 982 ) .



48

Therefore, pigs may be more sensitive to zearalenone because the pig

has a greater ability than the rat or chicken to produce a-zearaIenol,

which is a more potent estrogen than either zearalenone or ß-zearalenol

(lindsay, 1985). This data nrust be interpreted with caution however.

Olsen and coworkers (1985) found lhat all of the plasma and most of the

urinary zearalenone and a-zearalenol in the pig was conjugated with

glucuronic acid which acts to inactivate the compounds. Thus the in

vivo metabolism of zearalenone cannot totally explain the interspecies

differences in sensitivity to this compound. Further in vitro and in

vivo rnetabolic studies in both mature and immature animals are needed to

elucidate the exact role of metabolism in the physiologic expression of

zearalenone and its metabolites.

Ànother area which warrants investigation is the importance of disso-

ciation kinetics in determining the potency of estrogenic compounds.

The greater the affinity a ligand has for estrophilin, the slower its

dissociation rate from the receptor molecule. For example, dimethyl-

stilbestrol and nafoxidine which possess lesser affinities for the

estrogen receptor mol-ecule Lhan estradiol (Katzenellenbogen and

Katzenellenbogen , 1973; Korenman, 1970), are rapidly exchanged with

estradiol on Lhe receptor, (ie. they dissociate quickly from estro-

philin) (xaÈzenellenbogen et aI., 1973b). Hexestrol, which has an even

greater affinity for the estrogen receptor than estradiol,

(Katzenellenbogen et a1., 1973a) has a somewhat slower dissociation rate

lhan the natural liqand.

To date, the dissociation kinetics of zearalenone, a-zearaIanol, and

ß-zearalanol have only been examined in rat hepatic and uterine tissues.

in Lhe rat uterus Katzenellenbogen et al " (979) found that a-zearalanol

caused the estrogen receptor lo be retained in the nucleus for a longer
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period of time than the weaker estrogens, zearalenone and ß-zearalanol.

Similarly, s-zearalanol which has a higher RBÀ for the liver cytosolic

estrogen receptor than zearalenone or ß-zearalano1, also has a slower

dissociation rate constant than these two compounds (Powell-Jones et

â1., 1981).

It appears that the longer a particular ligand is retained on the

estrogen receptor, the more potent the compound will be. It is there-

fore recommended that the dissociation kineLics of zearalenone,

a-zearaleno1, and ß-zearalenol from the uterine and hepatic estrogen

receptor be studied in pigs and chickens to determine if this could

account for the interspecies differences in the sensitivity to these

conpounds. It is possible that in the most sensitive animal, the pig,

these mycotoxins are retained longer on the estrogen recepLor lhan in

the rat or chicken.



Chapter V

CONCLUSIONS

This is the first study to examine and compare the RBÀ of zearale-

none, a-zeara1enol, and ß-zearalenol for the cytosolic estrogen receptor

in the pig, rat, and chicken. It appears that RBÀ may partially account

for the interspecies differences that exist in the sensitivity of some

animals to the estrogenic effects of these mycotoxins.

The greatest RBÀ value for s-zearalenol was observed in the pi9,

which exhibits the greatest sensitivity towards this compound arnong the

animal species studied. The lowest RBA value was observed in the

chicken which is relatively refractory towards the effects of zearale-

none and its metabolites. The RBA value observed in the rat could not

account for this animal's moderate sensitivity to c-zearalenol, as no

significant differences were observed between the RBÀ of the rat and the

pÍg, or the rat and the chicken.

This was rnost like1y due to the relatively small numbers of animals

that were used in this experiment, but the effects of other factors such

as cytosolic binding proteins, celluLar Ca*2 and Mg*2 concentration, and

cytosolic kinase activity, cannot be overlooked. Further studies are

warranted to determine if these factors differ and affect the binding of

ligand to the cytosolic estrogen receptor in rats, pigs, and chickens.

The compounds zearalenone and ß-zearalenol are weak estrogens

compared to c-zearalenol, which probably accounLs for the lack of a

-50-
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significant difference observed in the RBÀ of these compounds for the

estrogen recepLors in the pig, rat and chicken.

The RBA and potency of a compound are intimately associated with its

dissociation kinetics. Not only does a-zearalanol exhibit the greatest

RBA for rat uterine and hepatic estrogen receplors, but it is also

retained longer on these receptor nolecules than the weaker estrogens,

zearalenone and ß-zearalanol. thus the dissociation rate of a ligand

from the estrogen receptor appears Èo be a determining factor in the

estrogenic potency of a compound. Therefore, a promising corollary of

this study would be to examine and compare lhe dissociation kinetics of

a-zearalenol, zearalenone, and ß-zearalenol in the rat, pig, and

chicken, to determine if this could account for the differinq sensitivi-

ties of these animals toward these mycotoxins.



REFERENCES

A11en, N.K., Mirocha, C.J., [,?eaver, G., Àakus-À1]-en, S. and Bates, F.
1981. Effects of dietary zearalenone on finishing broiler chickens
and young turkey poults. Poultrv Science 60:124-131.

Barbanel, G. and Assenmacher, I. 1984. Diurnal variations in estradiol
binding site concenLrations in the hypothalamus, pituitary and uterus
of prepubertal rats. J. Steroid Biochem. 20:539-543.

Baulieu, E. 1975. Some aspects of the mechanism of action of steroid
hormones. Mol. Ce11. Biochem. 7:157-174.

Bickoff, E.M., Booth, À.N., Lyman, R.L., Livingston, 4.L., Thonpson,
C"R" and Deeds, F. 1957, Coumestrol, a new estrogen isolated from
forage crops. Science 1262969-970.

Bickoff, 8.M., Livingston, À.L., Witt, S.C., Lundin, R,E. and Spencer,
R.R. '1965. New alfalfa compound identified, isolation of
4'-0-methylcoumestrol from alfalfa. J.. Àqric. Food Chem.
I ? " trA?-trAO
I¿.JJ' !JJ.

Bickoff, 8"M., Livingston, 4.L", Hendrickson, À.P. and Booth, À.N.
1962. Relative potencies of several esLrogen-like compounds found in
forages. Àqricultural and Food Chemistrv 10:410-412.

Bradbury, R.B. and White, D.E. 1954. Estrogens and related substances
in p1ant.s" Pages 207-230 in R.S. Harris, G.F. Marrian and K.V.
Thimann eds" Vitamins and Hormones (vol. 12'). Àcademic Press, New
York, U"S.À"

Chi, M.S., Mirocha, C.J., Weaver, G"A. and Kurtz, H.J. 1980a. Effect
of zearalenone on female white leghorn chickens. Àpplied and
Environmental Microbioloqy 39:1 026-'1 030.

Chi, M.S., Mirocha, C.J., Kurtz, H,J., Weaver, G.4., Robison, T. and
Shimoda, W. '1980b. Effect of dietary zearalenone on growing broiler
chicks. Poultry Science 59:531-536.

Clark, J"H., Hardin, J.W., Upchurch, S. and Eriksson, H. 1978,
HeLerogeneity of estrogen binding sites in the cytosol of the rat
uterus. ¿. Biol. Chem. 25327630-7634.

Clark, J.H. and Markaverich, B"M. 1981. Relationships between type i
and II estradiol binding sites and estrogen induced responses. ¿.
Steroid Biochem. '1 5:49-54 "

Eriksson, H., Upchurch, S., Hardin, J.W., Peck, E.J.Jr. and Clark, J.H.
1978. Heterogeneity of estrogen receptors in cytosol and nuclear
fractions of the rat uterus. Biochem. Biophys. Res. Comnun. 81 i1-7.

-52-



Etienne, M. and Jemmali, M. 1982, Effects of zearalenone (F2) on
estrous activiLy and reproduction in gilts. ¿. Ànim. Sci. 55:'1-11.

Fukai, F. and Murayama, A. 1984. Àssociation and dissociation of
estrogen receptor with estrogen receptor-binding factors is regulated
by M92.. J. Biochem. 95:1227-1230.

Ganong, W.F. 198'1. Page 354 in Review of medical physiology. Lange
Medical Publications, tos À1tos, California.

Granner, D.K. '1985. Hormones of the gonads. Page 578 in Harper's
review of biochemistry. Lange Medical Publications, Los À1tos,
California.

Greenman, D.L., Mehta, R.G. and Wittliff, J.t. 1979. Nuclear
interaction of Fusarium mycotoxins with estradiol binding sites in
the mouse uterus. t. Toxicoloqy and Environmental Health 5:593-598.

Gschwendt, M. and Kittstein, W. 1980. Transformation of lhe estrogen
receptor compl-ex from chick oviduct in two steps. Molecular and
Cellular Endocrinoloqy 202251-260,

Hacking, À. '1983. Estrogenic metabolites of fusaria. Veterinary
Research Communications 7 2161-164,

Harrison, R.W. and Toft, 0.0. 1975. Estrogen receptors in the chick
oviduct. Endocrinolqv '19: 

1 99-205.

Hurd, R.N. 1977, Structure activity relationships in zearalenones.
Pages 379-391 in J.V. Rodricks, C.W. Hesseltine and Meh1an eds.
Mycotoxins in human and aninal health. Pathotox Publishers Inc.,
Park Forest SouLh, Ill.

Jensen, E.V., Suzuki, T., Kawashima, W.E. and Stumpf, P.W. 1968. A two
step mechanism for Lhe interaction of estradiol with rat uterus.
Proc. Nat. Àcad. sci. u.s.À. 592632-638.

Jensen, E.V., Suzuki, T., Numata, M., Smith, S. and DeSombre, E.R.
1959" Estrogen binding subsLances of target tissues. SLeroids
13:417-427.

Jensen, E.V. and DeSombre, E.R. 1973, Estrogen-receptor interaction.
Science 182t126-134.

Katzenellenbogen, B"S. and Katzenellenbogen, J.A. 1973. Àntiestrogens;
studies using an in vitro estrogen responsive uterine system.
Biochem. Biophvs. Res" Commun. 50:1152-1159.

Katzenellenbogen, J.4., Johnson, H.J. and Myers, H.N. 1973a.
Photoaffinity labels for estrogen binding proÈeins of rat uterus.
Biochemistry 1224085-4092.

Katzenellenbogen, J"4", Johnson, H.J. and Carlson, K.E. 1973b. Studies
on the uterine, cytoplasmic estrogen binding protein. Thermal
stability and ligand dissociation rate: an assay of empty and filled
sites by exchange. Biochemistrv 1224092-4099.



54

Katzenellenbogen, B.S. and Gorski, J. 1975. Estrogen actions on
syntheses of macromolecules in target celIs. Page 187 in G. Litwack
ed. Biochemical Àctions of Hormones (voI. 3). Academic Press, New
York.

Katzenellenbogen, 8.S., Katzenellenbogen, J.À. and Mordecai, D. 1979.
Zearalenones: characterization of the estrogenic potencies of a
series of fungal B-resorcylic acid lactones. Endocrinoloqy
1 05: 33-40 .

King, W.J. and Greene,G. t. 1984. Monoclonal antibodies localize
oeslrogen recep!or in the nuclei of t,argeb ce11s. Nature
307 2745-747 .

Kiritsy, M.C., Latta, M.J. and Fitzpatrick, D.W. 1987. Effect of
reduced feed intake on zearalenone metabolism. Can. J. Ànim. Sci.
67 2535-542.

Knowler, J.T. and Beaumont, J.M. 1985. The mechanism of action of
oestrogens. Pages 1-39 in P.N. CampelÌ and R.D. Marshall eds.
Essays in biochemistry (vo1. 20). Àcademic Press Inc., London,
England.

Kon, 0"L., Websler, R.À. and Spelsberg, T.C. 1980. isolation and
charact,erization of estrogen recep!or in hen oviduct: evidence for
two molecular species. Endocrinoloqv 107 21182-1191.

Kiessling K.H. and
rat Jiver. Àcta

Korenman, S.G. 1970. Relation
binding to cytosol of rabbit
87: 1 1 19-1123.

Petterson, H. 1978. Metabolism of zearalenone in
Pharmacol. Toxicol. 432285-290.

between estrogen inhibitory activity and
and human uterus. Endocrinoloqv

Kumagai, S. and Shimizu, T. 1982. Neonatal exposure
causes persisLent anovulatory esLrus in the rat.
502279-286 "

to zearalenone
Àrch. Toxicol.

Lindsay, D"G. 1985. zeranol - a "nature idenLical" estrogen?, Fd.
Chem" Toxic. 232767-774,

Long, G.G., Diekman, M.4., Tuite, J.F., Shannon, G.M. and Vesonder, R.F.
1983. Effect of fusarium roseum (gibberella zea) on pregnancy and
the estrous cycle in gilts fed moulded corn on days 7-17 post estrus.
Veterinarv Research Communications 6¿199-204.

Long, G"G. and Diekman, M.A. 1984. Effect of purified zearalenone on
early gestation in gilts. J. Ànim. Sci. 5921662-1670.

Markaverich, B"M. and CIark, J"H. 1979. Two binding sites for
estradiol in rat uterine nuclei: relationship to uterotropic
response. Endocrinoloqy 105:1458-1462.



,. 
1,,,, ,,:t,,, 55

Migliaccio, À., Lastoria, S., Moncharmont, B., Rotondi, A. and
Auricchio, F. 1982. Phosphorylation of calf uterus '17ß-estradiol
receptor by endogenous Ca2*-stimulated kinase activating the hormone
binding of the receptor. Biochem. Biophys. Res. Commun.
109¡'1002-1010.

Milgrom, 8., Àtger, M. and Baulieu, E. 1973. Studies in estrogen entry
,: 

,,,., :,j.,:,,, into uterine cells and on estradiol-receptor complex attachment to:::'::: the nucleus. is the entry of estrogen into uterine cells a protein-1": '':::':':ìì 
mediated Drocess? Biochim. Biophvs. Àcta 3202267-283.

Mirocha, C.J., Robinson, T.S., Pawlosky, R.J. and À11en, N.K. 1982.
Distribution and residue determination of [3H]-zearalenone in
broi Iers. Tox icol . Àppl . Pharmacol . 66 277 -87 .

. ..: .1". . _'

::,: ;: , Molinari, À.M., Medici, N., Àrnetta, !., Nigro, Y., Moncharmont, B. and
Puca, G.À. 1985. Particulate nature of the unoccupied uterine::rj::' estrogen receptor. Biochem. Biophys. Res. Commun. 128:634-642.

,:, . ,t:,.::,it,

Muller, R.E., Traish, À.M. and Wotiz, H.H. 1980. Effects of pyridoxal
5' phosphate on uterine estrogen receptor. Inhibition of nucl-ear
binding in cell free systen and in intact uterus. ú. Biol. Chem.
25524062-4067.

MuI1er, R.8., Traish, À.M. and l,totiz, H.H. 1983a. Estrogen receptor
activation precedes transformation. J. Biol. Chen. 25829227-9236.

Muller, R.E., Mrabet, J.Y., Traish, A"M. and Wotiz, H.H. 1983b. The
role of arginyl residues in estrogen receptor activation and
transformation. J. Biol. Chem. 258:'1 1582-1 1589.

Murphy, L.C. and Sutherland, R.L. 198'1. À high affinity binding site
for the antioestrogens, tanoxifen and CI 628, in immature rat uterine
cytosol which is distinct from the oeslrogen receptor. ¿.
Endocrinoloqv. 9'1 ¡'155-161.

.:. '.. .. ':',,',;';;',',,, Nardulli, A.M. and Katzenellenbogen, B:S. .1986. Dynamics.of estrogen
re¡pntor i.urngver in uterine cells in vitro and in uteri in vivo.

: ;, ,; Endocr inoloqv 1 1 9; 2038-2046 "
..'.':..:.:.

Nenci, L, Fabris, G., Marzola, À. and Machetti, E. 1981. The plasma
membrane as an additional leve1 of steroid-cell interaction. J.
Steroid Biochem. 152231-234.

:. ::. Notides, 4.C., terner, N. and Hamilton, E. 1981. Positive
'-,",,,',',', cooperativity of the estrogen receptor. Proc. Natl. Acad. Sci.
-,.::..:.1:,r:: U.S.À, 78:4926-4930.

01sen, M., Petterson, H. and Kiessling, K.H. 1981. Reduction of
zearalenone to zearalenol in female raL liver by 3a-hydroxysteroid
dehydrogenase. Àcta Pharmacol. Toxicol. 48 2157-161.

01sen, M. and Kiessling, K.H. 1983. Species differences in zearalenone
reducing activity in subcellular fractions of liver from female

:: ,: domesÈic animals. Àcta Pharmacol. Toxicol, 522287-291.



56

01sen, M., Malmof, K., Petterson, H., Sandholm, K. and Kiessling, K.H.
1985. Plasma and urinary leveIs of zearalenone and a-zearalenol in a
prepubertal gilt fed zearalenone. Acta Pharmacol. Toxicol.
56?239-243.

Oyama, V.I. and Eag1e, H. 1956. Measurement of cell growth
culture r+ith a phenoL reagent (ro1in-Ciocalteaul' Q2245).
Expt1. Bio1. l'led. 91:305-307.

in tissue
Proc. Soc.

Powell-Jones, I,I., Raeford, S. and Lucier, G.W. 1981. Binding
properties of zearalenone mycotoxins to hepatic estrogen receptors.
Molecular PharnacoÌoqv 20235-42.

Reiss, N.À. and Kaye, À.M. 1981. Identification of the major conponent
of the estrogen-induced protein of rat uterus as the BB isoenzyme of
creatine kinase. ¿. Bio1. Chem. 25625740-5749,

Sarff, M. and Gorski, J. 1971, Control of estrogen bindíng protein
concentraLion under basal conditions and after estroqen
administration. Biochemistry 10:2557-2563.

Setchel1, K.D.R. 1985. Naturally occurring non-steroidal estrogens of
dietary origin. Pages 69-85 in J.A. Mclachlan ed. Estrogen in the
environnent. Elsevier Science Publishing Co. Inc., U.S.A.

Smith, R.G., Clark, S.G., Zalta, E. and Taylor, R.N. 1979. Two
estrogen receptors in reproductive tissue. ¿. Steroid Biochem.
1 0:3'1-35.

Sodergard, R,, Backstrom, '1., Shanbhag, V. and Carstensen, H. 1982.
Calculation of free and bound fractions of testosterone and
estradiol-17ß Lo human plasma proteins at body temperature. ¿.
Steroid Biochem. 16:80'1-810.

Statistical Analysis System Institute Inc.
guide. Revised ed. Cary, N.C.

1 983. SÀS introductorv

Stob, M" 1983. Naturally occurring food toxicants: estrogens. Pages
81-'100 in M. Rechcigl Jr. ed. CRC handbook of naturally occurring
food toxicants. CRC Press Inc., U.S.À.

Stormshak, F. 1979, Uterine estrogen and progesterone receptors.
Pages 399-410 in H.W. Hawk ed, Animal reproduction (g¡nC Symposium
III ). Halstead Press, U.S.A.

Thampan, 1.N. and Clark, J.H. 1981. Àn estrogen receptor activator
protein in rat uterine cyÈosoI. Nature 290'.152-154.

ToIton, 4"0., Grinwich, D.L., Belke, C.J. and Buhr, M,M. 1985.
Measurement and characterization of swine uterine estradiol
receptors: the effects of puberty induction on estradiol receptors
and corpus luteum function. Can. ,1. Phvsiol. Pharmacol. 632214-219.

Ueno, Y., Tashiro, F. and Kobayashi, T.
zearalenone-reductase activitv. Fd.

Species differences in
Toxic. 21 t167-173,

1 983.
Chem.



57

Ueno, Y., Shimada, N., Yagasaki, S. and Enomoto, M. 1974. Àpproaches
to the metabolites of Fusaria VII. Effects of zearalenone on the
uteri of mice and rats. Chem. Pharm. 8u11. 22t2830-2835.

Uriel, J., Bouillon, 0., Aussel, C. and Dupiers, l'1. 1976. Alpha-
fetoprotein: the najor high affinity estrogen binder in rat uterine
cytosols. Proc. Natl. Acad. scí. U.S.À. 7321452-1456.

Vander, À.J., Sherman, J.H. and tuciano, D.J. '1980. Reproduction. Page
50'1 in J.E. Vastyan and S. Wagley, eds. Human physiology: the
mechanisms of body function. McGraw-HiIl Inc., U.S.A.

Verdeal, K., Brown, R.R., Richardson, T. and Ryan, D.S. 1980. nffinity
of phytoestrogens for the eslradiol binding proteins and effect of
coumestrol on growth of 7,12-dimethylbenz(a)anthracene induced rat
mammary tumors. ¿. Natl. Cancer Inst. 642285-290.

WheIly, S.M. '1985. Estradiol regulation of uterine nucfeolar estradiol
binding sites. Biochim. Biophvs. Acta 880:179-'188.

Yamamoto, K.R. and ALberts, B.M. 1972. In vitro conversion of
estradiol receptor protein to its nuclear form: dependence on
hormone and DNÀ. Proc. Natl. Àcad. Sci. u.s.À. 6922105-2109.



Appendix A

REIÀTIVE BINDING ÀSSAY

A.1 MATERIÀtS

Estradiol ,12,4,6,7,sH(H)l (9S.6 Ci/mmol) - New England Nuclear,
Boston, Massachusetts, U.S.A.

Bovine serum albumin (gS¡) (nlR grade) - Sigma, St. Louis,
Missouri, U.S.À.

Dextran (clinical grade) - Sigma

Charcoal - Sigma

DiethylsLilbestrol (nns) - Sigma

Dithiothreitol (prr) - Calbiochem, San Diego, California, U.s.À"

Zearalenone - gift of IMC Terre Haute, Indiana, U"S.À.

s-zearalenol - gift of IMC Terre Haute

ß-Zearalenol - gift of IMC Terre Haute

À.1 .1 Buf f ers

Two buffers were used in this assay: a). TE buffer - 1OmM Tris-HCl,

'l .5mM EDTA, pH 7,4¡ b). TE-BSÀ buffer - TE, 0.2% BSÀ, pH 7.4. The

TE-BSA buffer was stored frozen at -200C in 9 ml aliquots and the appro-

priaLe amount was thawed just prior to use in each assay.

A"1 "2 Charcoal-Dextran Solution

À 5.0% charcoal, 0.5% dextran solution was prepared in TE buffer and

stored at 0-40C. This solution was diluted 1:10 &/v) with tn buffer

-58-



just prior to use in the assay

coaI, 0.05% dextran.

59

!o a final concentration of 0.5% char-

À.1.3 Stock Solution

The DES solutions were prepared fresh for each assay. À 4x10-5M

stock solution of DES was prepared in absolute ethanol'and stored in 1ml

aliquots at -700C. Just prior to use, an aliquot of Lhe DES stock solu-

tion was lhawed and 0.'1ml of DES was pipetted into a 1ml volumetric

tube. The ethanol was evaporated under nitrogen, and the volume of the

DES solution was adjusted to '1.0m1 with rn-¡SÀ buffer. This yielded a

400OnM solution which r+as serially diluted to the appropriate concentra-

tions (400n1,t, 200nM, 40nM, 20nM, 10nM, 4nM, 3nM, 2nM, lnM), }¡ith TE-BsÀ

buffer.

4.1.4 Mycotoxin Stock Solutions

A 4x10-3M stock solution of each mycotoxin was prepared in absolute

ethanol and stored at 0-40C. Just prior to use, t,he following solutions

were prepared.

4.1.4.1 a-Zearalenol

Àn aliquot of the 4x10-3M stock solution was diluted to 4x'10-sM with

absolute ethanol. The a-zearalenol solutions were then prepared in the

identical manner as the DES solutions"

DES

A.1.4.2 Zearalenone
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A 0.'1m1 aliquot of stock solution was diluted with 0.9m1 of absolute

ethanol to yield a 4x10-aM solution. À 0.1nl aliquot of this 4x'10-aM

solution was pipetted into a 1ml volumetric tube and the ethanol was

evaporated under nitrogen. The volume of the zearal-enone solution was

then adjusted to 1.0m1 with TE-BSÀ buffer yietding a 40,000nM solution,

which was serially diluted with tn-sSA buffer to the following concen-

trations: 40,000nM, 20,00OnM, 10,00OnM, 400OnM, 200OnM, 100OnM, 50OnM,

10OnM,5OnM.

4.1.4.3 ß-Zearalenol

À 0.1 ml aliquot of the stock solution was pipetted into a 1ml volu-

metric tube, and the ethanol r+as evaporated under nitrogen. The volune

was then adjusted to'1.0m1 with TE-BSÀ buffer to yield a 400,000nM solu-

tion which vlas serially diluted to the following concentrations:

'100,000nM, 80,000nM, 40,000nM, 20,000nM, 10,000nM, 4000nM, 2000nM,

1 00OnM, 50OnM.

À.'1 .5 [3u]-nstradiol

À 4nM solution was prepared fresh for each assay by adding 1.5u1 of

Lhe stock solution to 4.5m1 of TE-BSA buffer.

A.2 DETERMINATION OF BINDiNG PÀRÀMETERS

For each mycotoxin and for the DES control, a duplicate series of ten

12x75mm glass test tubes v¡ere placed in an ice bath. Reagenls were then

added according to the following protocol (tabte 3).
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TÀBtE 3

Relative Binding Assay Protocol

=== = = === =========== =========== = ================ == ===== ==== ===== = ===== = ==
Tube number [ 3H] -estradiol TE-BSÀ Competitor* Cytosol
(Duplicates) (50uI) ( 50u1 ) t 5uu1 l (10OuI)

1 a,b
2 a,b
3 a,b
4 arb
5 a,b
6 arb
7 arb
I arb
9 arb

10 a,b

+

+
+
I

1

+
+
+
+
+

+
+

I

I

+
+

I

I

+

I I

+
1

+
t
t
+
+
+
+

DES

total assay volume = 200u1

*competitors and concentrations given in Table 4

TÀBIE 4

Concentration of Mvcotoxin Added

=== = ====== === ========== ==== === ============= ============ ===== ============
Tube a-zearalenol zearalenone ß-zearalenol

number

2 a,b
3 arb
4 arb
5 a,b
6 a,b
7 a,b
I a,b
9 arb

10 a,b

1nM
2nM

4nM
1 OnM

20nM
40nM

200nM
400nM

50nM
1 00nM

1 000nM
2000nM
4000nM

1 000OnM
20000nM
40000nM

500nM
1 000nM
2000nM
4000nM

1 0000nM
20000nM
4000OnM
8000OnM

1 00000nM

1nM
2nM
3nM
4nM

1 OnM

20nM
40nM

200nM
400nM

3nM 500nM

Tubes were vort,exed and incubated f.or 1.6-24 hours at 0-40C. To sepa-

rate bound from free ligand, 0,5m1 of diluted charcoal-dextran solution

(0.5% charcoal, 0"05% dextran) was added to each tube. The tubes were

vortexed, incubated for 30 minutes at 0-40C, and then centrifuged at



1000-1500x9 for 15 minutes at

'12x7Smm glass test tubes, and

of Scinti Verse Bio-HP (New

Inc. Mark IiI 6880 counter.

ranqed tron 24% to 34%.

62

40C. The supernatants were decanted into

then 0.5m1 of supernatant was added to 5ml

England Nuclear) and counted in a SearIe

The efficiency of the counter for tritium



Appendix B

SÀTURÀTION BINDING ÀSSÀY

8.1

Þ1'f

MÀTERIÀtS

[ 3H] -Estradi ol

À 40 nM [3H]-estradiol solution was prepared by pipetting 1Oul of

stock solution into a glass 12x75mn test tube. The ethanol !,as evapo-

rated under nitrogen and the volume of the estradiol solution vras

adjusted to 3ml with fe-gSÀ buffer. The 40nM solution was then seri-

ally diluted with TE-BSA buffer to the following concentrations: 40nM,

20nM, 'l0nM, 5nM, 2.5nM, 1.25nM, 0.625nM, 0.313nM.

8.1.2

À 4uM (4000nu) DES solution was prepared in the identical manner as

stated in Appendix A.

B. '1 .3 ProqesLerone

A 4x10-5M progesterone (Sigma) solution was made up in absolute

ethanoL and 0.1mI of lhis stock solution was pipetted into a 1ml volu-

metric tube" The ethanol was evaporated under nitrogen and the volume

of the solution was adjusted to 1ml vrith TE-BSÀ buffer to yield a AuM

solut i on .

DES

-53-
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B.¿ PREPÀRÀTTON OF TISSUES AND CYTOSOL

The uterine and oviduct cytosols from rats, pigs and chickens were

prepared in the identical manner as stated in the Materials and Methods

section. The cytosolic protein concentrations of the rats, pigs and

chickens were determined to be 3.0mg/m1, 4.3ng/nL, and 3.4ng/nl respec-

tively.

8.3 DETERMINÀTION OF BINDiNG PÀRÀMETERS

For the determination of lotal counts (tC) and non-specific binding

(HS¡), a duplicate series of eight - 12x75mm glass test tubes were

placed in an ice bath. Reagents were then added according to the

following protocol (rabte S).

To determine Lhe level of progesterone binding, two - 12x75mrn glass

test tubes were placed in the ice bath and then 50uI of [3H]-estradiol,

50ul of 4uM progesterone, and 100u1 of cytosol were added.

À11 tubes were vortexed and then treated in the identical manner as

slated in Àppendix À.
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TABIE 5

Saturation Binding Àssay Protocol

= ======= = ======= ==== =========== ==== = ======== == ========== === = ======= ==== =
Total Counts

Tube
number

[ 3H] -estradiol
( þuu.l. ,l

TE-BSA
t 5uu1 )

Cytosol
(10OuI)

1

2

3

+

5

6
7

ö

0.313nM
0.625nM
1 .25nM
2. 50nM
5. 0nM

1 0.OnM
20.0nM
40.0nM

I

+

+

I

I

I

+
I

+
+
+
+
+
+
I

I

Non-Specific Binding

Tube
number

[ 3H] -estradi o1
( 5UuI,l

DES
( 50u1 )

Cytosol
(100u1)

1 0.313nM + +

2 0.625nM + +

3 '1 .25nM + +

4 2.5nM + +

5 5.0nM + +

6 10.0nM + +

7 20.0nM + +

I 40.0nM + +

tolal assay volume = 200u1



Àppendix C

RBÀ: À SAMPTE CÀLCUTATION

The relative binding affinity of a substance may be defined as the

ratio of molar concentration of 17ß-estradiol to the compound required

to reduce tritiated estradiol binding to 1/2 its initiat value

(Korenman, 1970). The binding affinty of the Èhree mycotoxins in this

study were calculated relative to DES instead of unlabelled estradiol.

The method used to calculate RBÀ is shown in Figure 14. This graph

is a ptot of the percentage of [3H]-estradiol bound to the estrogen

receptor as a function of the concentration of unlabelled competitor.

The level of 100% binding (go) is the initiat value associated with 4nl't

[3H]-estradiol. One assumes that in the absence of competitor, '100% of

the estradiol added to the cytosol will bind to and saturate the

estrogen receptors. Às the concentration of competitor increases, the

level of estradiol binding (¡) decreases, and hence Èhe ratio B/Bo also

decreases. The ability of a competitor to reduce estradiol binding is a

reflection of the competitor's binding af.f.inity and estrogenic potency.

The first step in calculating the RBÀ of the mycotoxins is to deter-

mine the molar concentration of DES required to inhibit 50% of the

[3H]-estradiol binding. At the point where DES reaches its lower

plateau, â fine is drawn across the graph. This represents the level of

non-specific binding associated h'ith DES, which in this example is 29%.

To calculate the specitic binding of DES, the non-specific binding is

subtracted from the initial value of 100%. Therefore, 100%-29%=71% ot

the DES is specifically bound !o Lhe estrogen receptor"
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This value of 71% is divided in half to give 35.5%, which is then

subtracted from 100%. Therefore, 100%-35.5%=64.5% which is the point

where DES inhibits estradiol binding by 50%. A line is drawn across the

graph at this point, and where the line intersects the DES binding curve

corresponds to lhe concentration of DES that inhibits estradiol binding

by 50%. In this example, this concentration is 3.OnM.

SimiIarly, where the line intersects the binding curves of

c-zearalenol, zearalenone and ß-zearalenol, also corresponds to the

concentration of these nycotoxins that is required to inhibit estradio]

binding by 50%, which in this example are 2.4nM. 42n14, and '1030nM

respectively. The RBÀ of each mycotoxin is now calculated according to

lhe def inition stated previousJ-y:

1). a-zearalenol - ß,0nu/2. nM) x 100 = 125%

2). zearalenone - (S. 0nu/42nu) x'100 = 7,1%

3). ß-zearalenol - (3.0n1.t/103OnM) x 100 -- 0.3%



Àppendix D

ÀNOVÀ TABTES
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Table 6. Inttfal Analysls of Variance of all RBA Data
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