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ABSTRACT

Zearalenone is a common contaminant of mold origin found

in animals feeds. Consumption of zearalenone is associated

with reduced feed intake. Our experiment vras designed to

study the effect of this reduced intake on the metabolism

and toxic expression of zeatalenone. Weanling female

Sprague-Dawley rats were fed a standard diet either ad

libitum or 75eo ad libitum intake for 14 days. In the Enzyme

Study, the enzyme activity of 3ahydroxysteriod dehydrogenase

(uSo) and uridine diphosphate (uop) glucuronyl transferase,

the zearaLenone metabolizíng enzymes, were determined. Feed

restriction altered liver enzyme activity, 3oHSD activity
increased 28eo Q.7 to 9.9 nV/nin/ng protein), while UDp

glucuronyl transferase activity increased 79eo (52.5 to

93.ïnu/hr/ng protein). In the Metabolic Study, animals were

orally dosed with 1mg zearalenone/Xg body weight.

Zearalenone and its metabolites were measured in the urine

and feces. Alterations in enzyme activity were reflected in

urinary and fecal metabol-ites. Feed restriction resulted in
more free and conjugated zearalenone being excreted in the

urine, with a corresponding decrease in øzearalenol and

fecal metabolites produced. No conjugated metabol-ites were

found in the feces. In the Toxicity Studyr ânimals were fed

diets containing 0 to 1 50ppm zearalenone for 3 weeks.
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Growth and organ weights were determined. Feed restriction
ameliorated zearalenone's toxic expression. These results
indicate that nutritionar regime effects zeararenone

metabolism, excretion and toxicity.
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Chapter I

REVIEW OF LTTERATURE

1 .1 INTRODUCTION TO MYCOTOXINS AND MYCOTOXTCOSIS

1 .1 .1 General Characteristics

The term mycotoxin refers to a large number of secondary

metabol ites produced by molds. They are toxic upon

ingestion and the respective illnesses attributed to their
consumption by man and animals are mycotoxicosises (wi1son,

1982). The severity of the disease ranges from reduced feed

consumption, to productivity declines, to death in extreme

cases (t"tirocha et al., 1971), Mycotoxicosis are

characterized by the following features:

1. The disease is nontransmissible.

2. Treatment with antibiotics has IittIe effect.
3. The di sease is often seasonal ¡ since certain

conditions favor mold growth.

4. The disease is usually assoc iated with the

consumption of a specific feedstuff.
5. The suspected feed usually shows signs of moldiness,

which may be less apparent after processing (Harwig

and Munro, 1975).

1
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' The molds that produce toxins are widespread in nature

and only need suitable environmental conditions to grow.

Molds may grow on crops in the field or in storage after
harvesting, and during this growth process may produce

mycotoxins. MoId growth results in changes in the physical

consistency of the plant and causes decreased nutritional
value of the infested crop. The presence of visible mold

growlh does noi mean that there are mycotoxins present.

However, there may be mycotoxins in feed even though mold is
not visible. Mycotoxin production depends on the presence

of mold spores, avai lable substrate and specf ic

environmental conditions (Wilson, 1982; Harvrig and Munro,

1975),

1.1.2 Documentation of Mvcotoxicosis

Coniaminatiorr of feeds and foodstuiis by mycotoxins is
not a new problem, although it has become better documented

in Lhe last two decades. One of the first recorded

incidents of mycotoxicosis was ergotism. It was

characterized by gangrenous degeneration of the lower

extremities and hallucenogenic mental aberations, leading to
its common name St. Anthony's Fire. Ergotism occurred when

rye grain contaminated with Claviceps purpurea vrere ingested

(wilson, 1982, .

Joffe (1971 ) described outbreaks of

aleukia (ata) during the 1940's in Russia.

alimentary toxic

Crops vrere lef t
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molds.

deaths.
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fields and were invaded by Fusarium

these crops resulted in thousands ofof

INTRODUCTION TO ZEARÀLENONE

Chemical and Phvsical Properties

the

In 1960r ên outbreak of mycotoxicosis in England awakened

interest in molds and feed saftey. The disease, caIled
Turkey X Disease, resulted in the death of over 100,000

turkey and chicken poults who had consumed contaminated

peanut meal. We now know that these deaths were due to
af latoxins present in the diet (BuckIe, .1983 

) .

Mycotoxin outbreaks have occurred in Canada in recent

years. A large Fusarium mold problem in Southern Ontario

and Quebec in 1 980 resulted in the downgrading of the wheat

crops and livestock death (Trenholm et aI., 1981a). The

mycotoxin deoxynivalenol (oo¡¡) was found in Manitoba wheat

in the 1984 and the 1 985 crop.

Recently, Schoental ( 1 983 ) observed an increase of
precocious sexual development in children in puerto Rico.

He suggested that it may be due to the consumption of the

mycotoxin zearalanoL found in agricultural products.

Zearalenone is a naturally occurring mycotoxin produced

by Fusarium mold species roseum, and other species in the

Gibberella zea complex: F. tricinctum, E. qibosum, E.



roseum egui set i
4

q.. roseum culmorum and E. roseum

qraminearum (Mirocha et â1., 1977). Zearalenone acts as a
hormone. It regulates the sexual stage in E. roseum acting
as a primary messenger, binding to a cytosolic protein,
releasing cyclic 3'-5'-adenosine monophosphate (c-AMp) , the

normal secondary messenger in the reproductive stage.

Zearalenone (figure 1) has a molecular weight of 318 and

a melting point of 164-165oC. Zearalenone is insoluble in
polar solvents and soluble in nonpolar solvents. In spite
of zearalenone's Iarge Ìactone ring, it is remarkably

resistant to hydrolytic cleavage. This may be due to the

methyl group, which hinders nucleophillic attack on the

Iactone carbonyl. The double bond between the C-1', C-2, is
stable under bromination, epoxidation and hydroboration
(Mirocha , 1971).

Reduction of zearalenone results in two isomers of

zearalenol, with the C-6' hydroxyl group in the a ot ß

configuation. The melting point of azearalenol is 168-169oC

and ßzearalenol is 174-1760C. A man made derivative,
zearalanol, is manufactured from zearalenone and is used as

a growth promoting implant for beef cattle. Zearalanol has

no double bond between C1'-C2' and is found in both the a,

and ß configuration (Mirocha , 1971).
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Figure 1 : Zearalenone 5-(10-hydroxy-6-oxo-
trans-1-undecenyl) ßresorcylic acid lactone
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1 .2.2 Occurrence and Optimum Growth Condi tions

Zearalenone has been observed worldwide. It has

sesame

6

been

seed,

corn silage
and commercial rations. Corn is the most

contaminated product (Mirocha , 19711.

commonly

The temperate Canadian climate provides excellent growing

conditions for Fusarium molds and acts to stimulate
zearalenone production. In a moist environment, Iow

temperatures or alternately moderate and low temperatures

stimulate Fusarium mold growth and Èoxin production.

Mirocha et al. (1977) observed that the key enzyme system

for zearalenone production was turned on at temperatures of

12-140C, Under Laboratory conditions, corn was incubated at
24-27oC for one week to ensure mold growth. Mycotoxins were

produced when the mold was then incubated at lower

temperatures (lZ-14oC) for a few more weeks. However, once

the enzyme system was activated, optimum toxin production

could be attained at higher temperatures (27oC).

detected in corn, barley, oats, sorghum,

cornflakes, white corn meal, maize beer, hay,

The

growt.h

in the

un i ted

dry.

it is

environmental conditions that maximize zearalenone

in the lab are similar to conditions that often occur

field. In the corn belt areas of the midwestern

States and Eastern Canada, corn is normally harvested

It is stored on the cob in open wire mesh cribs where

exposed to the elements. Sutton et aI. (1979')



observed that zearalenone contamination of

proportional to the rainfall. The higher the

greater the zearalenone infestation. If there

autumnr otr if snow reaches overÌ{intered corn,

content of the corn may increase to as much as

allows fungi to proliferate within the tissue.

7

corn was was

raínfalI, the

is a wet mild

the moisture

22-30e". Thi s

Temperature also plays a role in zearalenone production.

With decreasing autumn temperatures, optimum conditions

exist for zeayalenone biosynthesis or the induction of

zearalenone synthesizing enzymes. Cool autumn night

temperatures promote the induction of the zearalenone

synthesizing enzymes, while the warm days act to maximize

zearalenone production (¡¿irocha et al., 1971).

.1 .3

t.J. I

BI OLOG] CAL PROPERTTES OF ZEARÀLENONE

Est roqen ic i tv in Ànimals

Ingestion of zearalenone contaminated feed by swine

causes an estrogenic syndrome called vulvovaginitis. The

physical symptoms associated with vulvovaginitis arei edemai

swelling and reddening of the vulva; increased secretion in
the vagina; prolapse of the vagina, which may cause prolapse

of the rectum in severe cases; metrorrhagia; increased

secretion and size of the uterus; and lactation of the

mammary glands in immaturer ôs welI as ovarectomized females

and castrated males (Mirocha et a1., 1971r.



I
This estrogenic syndrome may also result in reduced

Iitter size, neonatal mortality and infertility (Nelson et

al. , 1973) . There may be inhibition of ovulation,
implantation and suppression of gonadotrophic hormone

release (uiay et al., 1977 ; Hobson et aI., 1977). MaIe

swine may undergo a feminizing effect, including atrophy of

the testes and mammary gland enlargement. Stunting of

growing pigs, both male and female has occurred when animals

are fed zearaLenone at extremely high Ievels (500-60Oppm,

Nelson, 1979).

McNutt et al. (1928) were the first to link molded corn

to vulvovaginitis in swine. However, it was not until Stob

et al. (1962) reported their findings that zearalenone

contaminated feed caused vulvovaginitis, that the toxic
agent of the mold was identified. They isolated zearalenone

fro¡n eultures of Gibberella zea and observed that it had

marked anabolic and uterotrophic activity when given to

mice. Administration of zearalenone caused estrogenism in

Iaboratory animals. Swine are the most sensitive animal

tested to zearalenone toxicosis (t¿irocha , 1977).

1.3.2 Bioloqical Activites

Zearalenone is a phenol, but acts to produce the same

biological responses of the natural sex and corticoid
hormones (lnlirocha, 1977). The biological potency of

zearaLenone and its metabolites has been measured in vivo.
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When compared to other estrogens, zearalenone has been

classified as moderately estrogenic in swine, weakly

estrogenic in mice and relatively nonestrogenic in poultry
(stob et al., 1962; Allen et al., 1981; Stob, 1983).

In a study by Greenman et aI. (1979) using cell-free
preparations of uteri from immature BALB/c mice, both

zearalenone and zearalenoL inhibiÈed [H3] estradiol-17ß
binding to specfic sites in the cytosol. When intact uteri
were incubated, these compounds caused the translocation of

specfic estrogen binding sites into the nuclei that were

exchangeable with the estradiol. These findings suggest

that the uterotrophic effects of zearalenone and its
derivatives are mediated through their association with
estogen receptors in the uterus.

Similar studies by Katzenellenbogen et al. (1979), using

epimeric zearaLenone and zearalenols, looked at the direct
estrogen receptor interactions and the biological activites
of these compounds in the immature rat uteri. All compounds

were found to compete with estradiol for cytoplasmic

receptor binding and they caused translocation of estrogen

receptor sites into the nucleus. Zearalenol is four times

as estrogenic as the other zearalenone metabolites (Mirocha,

1977'). Zearalenol was more ef fective in inhibiting
estradiol binding and stimulating the translocation of

estrogen binding sites into the nuclei than was zearalenone.

This may account for the difference in biopotencies between

the compounds.
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Zearalenone and the zearalenols act to increase the

permeability of the uterine cells which aIlows for an

increased uptake of amino acids and induces DNA and RNA

synLhesis (Katzenellebogen et aI., 1979; Ueno and yagasaki,

1975). They act to alter the utilization of dietary amino

acids by promoting the synthesis of uterine protein,
increasing uterine size. Zearalenone appears to alter
protein utilization by diverting amino acids from muscle

protein synthesis to protein in the uterus. It is unknown

if liver and kidney enlargement in rats is due to a direct
anabolic action of zearalenone (Smittr, 1982b).

À mol-ecular basis for the mycotoxin receptor interaction
has been postulated by Powell-Jones et aI. ( 1 981 ) . The

researchers suggested that there is a fol-ding of the toxin
molecufe such that hydroxyJ- or potential hydroxyl groups

become oriented to facilitate binding to unoccupiecl receptor

sites.

These studies indicate that the resorcylic acid lactones

have similar biological and biochemical responses as the

estrogen estradiol. Zearalenone mediates its toxic effects
by competing with estrogen for receptor sites and increasing
protein synthesis.
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1

1

.4

.4

METÀBOLISM OF ZEARALENONE

.1 Molecular Weiqht Basis for Metabol i sm

The molecular weight of a compound effects its metabolism

and excretion (Matthews, 1981). There appears to be a

threshold for urinary excretion of 325150 in rats.
Compounds with molecular $reights below this threshold are

excreted in the urine and compounds above this threshold are

excreted in the bile. Zearalenone has a molecular weight of

318. Since zearalenone has a molecular weight near the

threshold it should be found in both the urine, and the

feces via biliary excretion. However, the low solubility of

zearalenone makes it an unlikely candidate for urinary
excretion (uiay et â1., 1977).

Zearalenone is metabolized by two different reactions, a

reduction to an alcohol and a conjugation with a glucuronic

acid (x.iessling and Pettersson, 1978), Reduction and

conjugation of zearal-enone increases its solubility and may

promote its excretion in the urine. Conjugation of

zearalenone also increases its molecular weight, promoting

biliary excretion. The metabolism of xenobiotics differs
with sex, age and species (Ueno et ãI., 1983; Figure 2).
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Zennru-Eruo¡rE IS mFrABq-tzED By rlo DTFFERENT RouTES:

1, Reu,crto¡r oF zfÁRALETsNE To zEARALE¡roL¡ A REACTIoTI cATALyzED By A

MDrr EpENDENT S"txvmo¡ysTERo I D Dct-fyDRoccrtlsE

llo o
ll

l-lto
ll

o
,

o
,

H3

3o<Hso
66

MDJ

ZF¡RALEI{ONE ZEARALEI{CL

2, co¡¡.lr¡nnoô{ oF zEARALE¡or¡E By A GLrctRoNIc AcrD (uæ cltruRoNlc
nclo) To HAKE ZEARALENqIE ptcRE soLuBLE

cooH cooH
OR

R-OH + OH
t I

HO o-P-o- UDP
I

OHOH OH

oH oH

ZEARALE¡IONE + UDP GLI..CIJRONIC ACID t.DP + R{-GLI,CI.RONIC ACID

KrEssr-lruc nxo PErrenssoru, 19/8

lt
H

o
il

o

ûî"-N-"o -\-
1-o HO

H

Figure 2t Metabolism of Zearalenone
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1 .4 .2 Reduct ion

The reduction of zearalenone to zearalenol takes place at,

the keto group in the 6' position. This reaction is similar
to the steroid reaction (androsterone to

S¿androsterone-3-1 7-dione) by 3ahydroxysteroid dehydrogenase

(3aHSD) in the presence of NAD (Kiessling and Pettersson,

1978). In a mixed substraLe assay, the strong inhibition of

the formation of zearalenol from zearalenone by androsterone

indicates that zearalenone reduction is cat,alyzed by the

same enzyme (O1sen et al., 1981).

Several enzymes have the ability to reduce zearalenone to

zearalenol. Three oHSD is not one single well defined

enzyme (Olsen et aI., 1981 ). Ueno et aI. (1983) observed

two reductase enzymes, one active at pH 4.5 and the other

active at pH 7.4. In vitro, the enzyme at the acidic pH is
most active and it is found in the microsomal portion of the

celI. The cytosolic fraction contains the enzyme active at

the physiological pH. Ueno et aI. (1983) speculated that

90e" of the zearalenone reductase activity was tightly bound

to the microsomes. The microsomal enzyme reduces

zearalenone to øzearalenol on1y, while the cytosolic enzyme

reduces zearalenone to both ¿ and ß configurations. Hoff

and Schiefers (1973) observed that there are two different
cytosolic and three different microsomal 3øHSDs. One of the

cytosolic and two of the microsomal enzymes found in males

are different from those found in females.
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A study by Olsen and Kiessling (1983) showed that the

reducing capacity of the Iiver differs between species and

is dependent on the presence of NÀÐ. They observed swine to

have the greatest capacity to reduce zearal-enone. The

reduction pathway is of. lesser quantitative importance than

the conjugat ion route, but of great physiologícaI

importance, since the zearalenols exhibit greater biological
activity than zearalenone (James et â1., 1981).

1,4.3 Conjuqation

Uridine diphosphate (uop) glucuronyl transferase

catalyzes the transfer of glucuronic acid from UDP

glucuron ic ac id to an acceptor al-cohol . Thi s enzyme i s

nonspecific, it catalyzes the glucuronidation for many

endogenous and xenobiot ic compounds. They are formed

directly from UDP giucuronic acid and an accepior by the

action of the enzyme. The enzyme is both activatable,
essentially an in vitro phenomenon, and inducibte by

administration of. a xenobiotic (t¡ulder et âf . , 1981 ) .

Zearalenone and the reduced forms of zearal-enone can be

conjugated. There is a minor competition for zearalenone

between conjugation and reduction enzymes (t<iessling and

Pettersson, 1978).

UDP glucuronyl transferase is tightly bound to liver
endoplasmic reticulum and exhibits latency in fresh

preparations. Two models have been proposed to explain the



1s

release of the enzyme from the membrane (ningham et â1.,
1982r. Model one assumes that the enzyme is embedded in the

luminal face of the endoplasmic reticulum. Detergent

activation destroys the membrane allowing glucuronic acid to
gain access to the enzyme via a thiol-dependent permease.

ModeI two assumes the enzyme is noncompartmentalized and

allosteric, but constrained by phospholipids in such a way

that its activity is low. During membrane perturbation, the

positive allosteric effectors convert the enzyme into its
activated conformation. Àctivations of the enzyme are not

additive and increasing perturbation leads to optimal

activation, then to inactivation (nutton et a1., 1981 ).

1.5
'1 .s.1

METABOLIC STUDTES INVOLVING ZEARALENONE

Physiolo goical Versus Pharmacoloqical Dosinq

The use of pharmacoÌogical doses in toxicity experiments

may result in erroneous conclusions. Overdosing animals

results in metabolic overload, the detoxification enzymes

are swamped, consequently the rate and the route of

metabolism and/or excretion may be significantly altered
resulting in the toxic expression of the test compound

(Kraybill et âI., 1977; Mirocha et â1., 1983). The route of

dosing affects xenobioLic metabolism. The LDso for
zearalenone after intraperitoneal injection in the rat is
5.5g/kg body weight and greater than 1Tg/kg body weight for
oral administration (Hiay et al., 1977).
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Conflicting reports concerning the route of zearalenone

excretion and the major excretory metabolites have been

made. This disagreement may be due to different analytical
methods employed, each with its own timitationsi problems

with the stability of radiolabelled compounds; different
dose levels for cold studies and differences between the

sex, age and species studied (Trenholm et aI., 1981b; Smith,

1982ai Olsen and Kiessling, 1983).

1.5.2 Studies Involvinq Rats

Table 1 summarizes studies on zearalenone metabolism in

rats. I n a study by t"ti rocha et aI. (197 6) , I rats were

given a pharmacological dose, 1Tng/kg body weight of

zearalenone (1mg/raL), by stomach intubation. Urine was

collócted every 24 hours for 5 days. OnIy free (27.5e") and
-.. ,. -.l -1 I À^ 

^-6 
\ -- a t- - ì ! r r a-(.:UItJU9öteCr \+UtJJ'ol i¿eAröI€I¡()I¡e were [()UIl(f, WIE,f¡ Ol.1?o ()T.

the total dose recovered. Most of the dose was excreted

within the first 48 hours.

Additional experiments conducted by Mirocha et aI. (1975)

used [H3] zearalenone to determine the distribution of the

mycotoxin in the tissue and excreta. Animals vrere given 1mg

of zearalenone by stomach intubation and sacrificed at 0.5,

2, 6, 12 and 24 hours. No appreciable amounts of

radioactivity were found in the brain, kidney, spleen, ovary

or uterus. The stomach and the intestine contained the bulk

of the radioactivity during the first 6 hours and was later



lable I Studles lnvolvfng Rate

Author

Hlrocha et 41. (1976)

Ìllrocha et al. (1975)

Ueno et el. (1977)

Baldstn et al. (1977)

Jamea et al. (1981)

Sntth (1980a)

Sr¡tth (1982b)

Rout e

of Dose

oral

oral

oral

oral
orel

oral

oral

Anount of
Dose

l0og/kgbn

I Orne /kgbv

IOng/kgbrr

lOng/ I00gbw

lOog/ I 00gbu

lOmg/ l00gbw

Urinary Excretlon (Z)
Free Bound Total

?7 .6 40. 95

60. 5

4-6

20-30

7t

3l.l

Feca I
Excre t lon

(1) Total

4.7

40-60

70-80

62.3

22

T l¡¡e
(hre)

Labe 1

no

H
3

H3

c
t4

no

H3

no

Recovery
(z)

67.4

65.2

44-66

?

50-80

93.4

50-80

n

I

?

2

7.

6

t2

l0

r20

24

120

48

48

96

48

29

2

\¡



recovered in the urine. After 24 hours, 60.5eo of the

v¡as recovered in the urine and 4.7eo in the f eces.

attributed the radioactivity found in the feces to be

result of contamination with the urine.

18

dose

They

the

The findings of Ueno et aI. (1977 ) were not in agreement

with the Mirocha et aI. (1976) study. They intubated 2 rats
with 1Tng/kg body weight of [u3] zearal-enone (1mg/rat) and

found 4-6e" of the dose recovered in the urine with q0-60e" in

the feces. In the feces, the major metabolite was

idenLified as zearalenone (38-56e.) and the minor metabolite

as zearalenol (+-6>"). Conjugated and free zearalenone

derivatives were also found in the urine. Conjugated

zearalenone was the major urinary metabolite. The [u3]

labeling procedure did not alIow for quantification of

metabolites. Baldwin (1977 ) reported that 70-80eo of an oral
a1â. r rC'* labeileci zearalenone dose to rats was excreted in the

feces with 20-30eo found in the urine.

In a metabolic study by James et aI. (1981) 0 rats were

intubated v¡ith a massive dose , 10ng/1 00g body weight of

zearalenone (1\ng/rat). Urine was collected for 48 hours.

The major urinary component was free zearalenone (56.5e"),

followed by conjugated zearalenone (25.6e") and free

øzearalenol (9.3eo). The free forms exceeded the conjugated

forms for aII metabolites by at least 100e". The free

metabolites constituted 71e" of. the dose recovered, while the

conjugated forms made up 29e". These results must be viewed
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vrith caution. The authors state that their recovery rate

ranged from 50-80e" and less than 3eo of the total dose given

vras recovered. Variability between animals vÍas large and

was increased due to difficulties ensuring total collection
of urine over the entire collection peroid. The finding
that zearalenone is metabolized to conjugated zearalenone

more than to the free or conjugated alcohol forms agrees

with enzyme studies done by Kiessling and Pettersson (1978).

Smith (1982a) ora1ly dosed 1 0 rars with 10ng/100g body

weight of zearalenone. Urine and feces vrere collected for
48 hours. They found that urinary free zearalenone and

metabolites exceeded the conjugated forms, with free

zearalenone being the major urinary metabolite ( 56.6e.)

followed by conjugated zearalenone (25.6e.). Excretion of

zearalenone and metabolites was 10 times greater in the
E- 
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recovered in the feces were free zearalenone. No conjugated

zearalenone nor metabolites were observed in the feces.

Only 3e" of the total dose was recovered in the urine and 22eo

in the feces. These findíngs were different from previously
published Iu3] zearalenone studies (Smitfr, 1980a).

In his 1980a study, Smith ora1ly dosed 12 rats with
10ng/1A0g body weight of [u3] zearalenone prepared using

Mirocha et aI. (19771 methods. Urine and feces were

colLected for 4 days and he observed 62.3eo of the dose in

the feces and 31.1eo of the dose in the urine. In this



study I zearalenone metabolites

were not anaylzed for. They

the excretion profiles to the

label (Smitn, 1982a).
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in free and conjugated forms

attributed the discrepancy in

exchangeability of the [u3]

I n an autoradiographic study of Iu3 ] zearalenone,

Zng/1OOg body weight was given to mice by iv injection
(applegren et aI. , 1982) , The study showed a rapid

excretion of radioactivity into the bile as well as the

urine, 20 minutes after injection. The significance of

these findings is that, zearalenone can be found in the feces

through biliary excretion.

1.5.3 Studies Invol-vinq Swine

Studies on zearalenone metabolism involving swine are

summarized in Table 2. Olsen et aI. (1985) fea one

prepubertal gilt 192ug of zearalenone/ng body weight/da1¡ for
4 days and plasma and incomplete urine collections were made

over the dosíng period. They observed zearalenone to be

rapidly metabolized to the o alcohol form with plasma levels
of this derivative to be 3-4 times greater than zearalenon€.

Urinary excretion of zearalenone and azearalenol were

approximately the same and traces coud be found in the urine

for 4 days after the treatment had stopped. A1most a}l the

compounds found in both the urine and plasma were conjugated

to glucuronic acid. No ßzearaLenol yras found in urine nor

plasma.



Table 2 Studles Involvlng Srlne

Author

Oleen et af. (1985)

Hfrocha et al. (1981)

Farnsorth and Trenholn (1981)

I prepubertal gtlt

l, 3 week old pfgtet

12 young nale and female pfgs

n
Rou te

of Dose
Anount of

Dose

192 ug/kgbv dally

90 rng/kgbw

0, 3.5, 7.5 and
I 1.5 ng/kgbv

0, 5, l0 and 15
mg/kgbw dally

Tlme
(hre)

96

96

72

96

Labe I Recovery
(z)

7.

5

83.7 for urfne
56 for feces

?
Farnsorth and Trenholo (1983) 24 young nele and feoale plgs

ora 1

ora 1

ora I

ora I

no

no

no

no

¡\)
J
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The work of Olsen et al. (1985) does not confirm the

earlier work reported by Mirocha et aI. ( 1 981 ) . They

intubated 1, 3 week old pig with 9\ng/kg body weight

zearalenone, and urine vras collected daily for 4 days. Most

of the zearalenone and metabolites, in free and conjugated

forms, v¡ere excreted during the first 48 hours. Free

zearalenone was found to be the major urinary constituent
(43e"), fotlowed by conjugated ¿zearalenol (28e") and

conjugated zearalenone (20e"). Of the total urinary
zearalenone, 31e" v¡as in the con jugated f orm. I^Iith both

zearalenol diasteriomers, the conjugated forms predominated

(87e" f or a and 79% f or ß). However, less than 5eo of the

total zearalenone administered was recovered. Final urinary

distribution of metabolites was 63e" zearalenone, 32%

r¿zearalenol and Seo ßzearalenol.

ñ! f r - I r ì¡JJ.rr-eIeuce5 ÐeE'werr Enelie Ewo 5Eucl1e5 can De aEErlDuEeo to

the fact that Mirocha et aI. (1981) used a piglet and Olsen

et aI. (1985) used an adult female pig. While no work has

been done in pigs, work in rats indicates that sexually

immature rats have lower activity of 3¿HSD than mature rats.
This may due to lower leve1s of circulating steroids (uott

et aI. , 1977) .

Farnworth and Trenholm (1981) looked at the effects of a

single oral dose of zearalenone on excretion in 12, young,

20-30k9 female pigs. Dose levels vrere more realistic in

terms of contamination levels in the farm situation, but
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stiII able to produce detectable levels of zearalenone in

the body. Doses of 0, 3.5, 7.5 and 11.Sng/kg body weight

(corresponding to 0, 70, 150 and 230ppm zearalenone in the

field) were given to 3 pigs aL each dose level. The study

analyzed for only free zearalenone in the feces and free

zearalenone and free azearalenol in the urine.

The data for 3 animals indicates that zearalenone was

probably rapidly absorbed, reaching maximum blood leveIs

20-30 minutes after dosing. Then the zearalenone was

quickly redistributed, metabolized and/or excretedr âs

suggested by the rapid decrease in plasma concentrations of

zearalenone after 60-90 minutes. The remaining animals in

the study showed delayed absorbtion. The differences in the

absorbtion patterns have been attributed to the fact that

animals were allowed free access to food before and after
-a^,-i -- 
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to administer the zearalenone could have aLso had an effect
(Farnworth and Trenholm, 1981).

Much of the original dose was recovered in the feces.

Free zearalenone was found in the feces only at 24 hours.

They speculated that high levels of zearalenone in the feces

were a combination of unabsorbed zearalenone and zearalenone

excreted in the bile. The main excretory metabolite in the

urine was free azeaÊalenol. Free zearalenone was also found

in the urine along with detectable, but not measurable

amounts of ßzearal-enol. the recovery rate for the urine $¡as



83.7eo. Limitations of this study include

recovery rate for zearalenone in the feces,

urine data is based on collections from only

Lhree different times (Farnworth and Trenholm,

only a

and that

2 animals

1981).
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56e"

the

at

Farnworth and Trenholm (1983) dosed 12 male pigs (9-13k9)

and 12 f emale pigs 3-ZOUg) orally with 0, 5, 10 or 11ng/kg

body weight zearalenone. In all but 1 animal, zearalenone

was found in the plasma t hour after dosing. After 1-z

hours, the concentrations of zearalenone in the plasma

exceeded that of ozearalenol. Peak plasma zearalenone

occurred at 4 hours and subsequently decreased, while

øzearalenol plasma concentrations continued to increase up

until 7 hours post dosing. No ßzearalenol Ì,¡as found in the

plasma. Except for the Smg group, female animals had lower

levels of conjugated zearalenone than males receiving the
l^-^Þd¡ile u()5e.

Urine samples were collected only from male pigs. Only

zearalenone and azearalenol were found, although a smaIl

peak wit,h a retention time similar to ßzearalenol appeared

on some samples. This peak was probably due to the addition
of phenol red during the assay extraction procedure. Both

free and conjugated zearalenone concentrations exceeded

those of the ozearalenol counterpart for the entire
collection period. It was clear that these compounds yrere

increasing in concentration throughout the observation

period. The limited number of samples made it impossible to



establish the percent.ages of

or to relate metabolites in

urine. Other lirnitations
collection of urine from male
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these compounds in the urine,

the plasma to those in the

of this study include the

pigs instead of female pigs.

This study was not sufficent lo establish differences in

zearalenone metabolism between male and female pigs.

However, it should be noted that only at the low dose Ievel,
the females had higher plasma zearalenone and metabolites

than maLes at the same dose (Farnworth and Trenho1m, 1983).

Young female pigs are more sensitive even to relatively low

levels of zearalenone in a single oral dose, due to a

limited abilíty to metabolize zearalenone, and the

estrogenic effect of zeatalenone (nuhr et aI., 1983).

The formation of the zearaLenone glucuronide, followed by

excretion via the urine, appears to be the main route of

elimination in pigs, since both plasma and urinary levels of

conjugated zearalenone exceeded conjugated ¿zearaIenol.

This would be consistent with the metabolism of estrogen,

where the conjugated forms predominate in the urine (t evitz
and Young, 1977).



1.6

1.6.1

NUTRT TIONAL TOXI COLOGY

I nt roduc t i on

Nutritional toxicology is an area of research which

focuses on toxic agents in the diet and theír interrelations
with nutrition. This includes the diet as a source of

toxins, the effects of toxins on nutrients and nutritional
processes, the effects of nutrients and normal metabolism on

toxins and the scientific basis for regulatory decisions

affecting toxicological saftey of dietary components.

Toxicants may change nutrient intake, digestion, absorbtion,

transport, activation, function, metabolism or elimination.
On the other hand, food consumption, meal timing, nutrient
intake and nutritional status may alter the actions,
potencies and detoxification of toxins (Hathcock, 19e2).

Nutritional adequacy is needed for the normal functioning

and the rnetabolic detoxification of foreign compounds.

Deficiencies of proteins, lipids (totaI and essential fatty
acids) and vitamins and minerals, reduce the body's ability
to detoxify and excrete xenobiotics and act to increase the

toxic expression of these compounds. Other nutritional
deficiences increase xenobiotic metabolism, such as energy,

iron and thiamin, and therefore reduce toxicity (Hathcock,

1982) .

26

bíoloxification of

alter the primary

AIong ¡¡ith altered detoxification or

compounds, nutritional deficiences may
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susceptability of cells to toxicants. A decrease in the

biochemical or structural integrity makes celIs more easily
damaged by toxicants. Deficiencies cause decreased rates of

cellular replacement, decreased enzyme synthesis and

activation, and decreased coenzyme synthesis resulting in
increased susceptibility to toxins (wattenb€F9, 1975).

Many toxins can decrease food intake. Most toxic
responses include growth depression, lethargy, metabolic

inhibition and anorexia (Hathcock, 1982).

The detoxification process takes place in two steps:

phase I which is primarily oxidative, where polar groups are

introduced .to the molecule; and phase II, predomiately

conjugational, in which the polar metabolic or original
products are linked with highly water soluble endogenous

products (eriéins and Simonis, 1982) . These products are

then excre|ed via the urine, bile and f eces (t<aspeç and

HenÈon, 1980).

The toxic effects of mycotoxins are based on a reversible
interaction between the molecules of the toxicanÈ and the

molecular sites of action. The reversibilty of this type of

action implies that the effect is usually related to the

contamiation of the drug in the body fluids and disappears

when the toxin is eliminated from the body. The effects can

be acute or subacute, and the potency of the toxic effect
depends upon the dose, the rate of uptake and the rate of
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elimination. À do'se given at one time may be highly toxic
or lethal, while the same dose divided up and given over a

longer period of time will be less toxic or even harmless.

Molecular sites of action are usually specific and are

indicated as specfic receptor sites for the agent (erieins

and Simonis, 1982).

1.6.2 Basic Toxin-Diet InLeraction

Another area of investigation with zearalenone involves

the basic toxin-diet interaction. The toxicity of many

coumpouds is influenced by the persistence of a

pharmacological action which is determined by the capability
of the catabolic enzyme system to metabolize the compound.

This ability depends upon nut,ritional factors and other

exogenous and endogenous compounds (Ctinton et al., 1977 ì

n-lr -! ^ì lôOt\

Deficiencies and excesses of dietary protien have great

effects on the ability of the body to metabolize foreign

compounds (Cambell and Hayes, 1974). Because of this,
protein has been the most studied nutrient in terms of its
effect on mycotoxicosis. Since mycotoxicoses are often
characterized by changes in the metabolic utilization of

dietary protien, mycotoxicosis may be overcome with dietary
supplements of protein (Smittr, 1982b).
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1.6.3 Protein Deficiency

Studies have shown increased toxicity of drugs during

protein def iciency (oriI1, 1952'). Hayes and Schiefer (1980)

reported that Iow prôtein diets exacerbated I-2 toxicosis.
Mice Ìrere given 20ug/g feed of T -Z toxin in diets containing
8, 12 and 16eo protein f or 1 , 2, 3, or 4 weeks. Intestinal
hemorrhaging was present in the rats with deficient protein

diets. They observed that dietary T-2 toxin was more toxic
in diets containing the 2 lower protein levels.

Mayura et al-. ( 1 983 ) suggested that dietary protein

deficiency increases the susceptibility of rats to the

teratogenic effects of ochratoxin A. Weanling female rats
were f ed one of 3 diets; a 5eo protein diet f or 4 weeks,

f ollowed by a normal protein díet (27e" protein ) ; a 1Oeo

protein diet for the enLire experimental period or a 27eo

protein diet for the entire experimental period. Rats were

given a single subcutaneous dose of 1.7\ng/kg body weight of

ochratoxin A on day 6 of. gestation. In animals fed the 10eo

protein diet, 27eo failed to mate and 37eo failed to

ferti lize. Pregnant rats were killed on day 20 of

gestation. The highest incidence of skeletal defects

occurred in the fetuses from mothers on the 10eo protein

diet. In this group, 75eo of the fetuses had some kind of

skeletal defect, whereas f etuses in the Seo and 27e" proLein

diets had 36 and 42e" defects respectively. Under this
experimental regime, the 10e" protein diet made the animals

more susceptible to the teratogenic effects of ochratoxin A.
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Adejuwon et al. (1982) studied the effect to which

nutritional factors alter the body's capacity to conjugate

estradiol. Male and female albino rats were made a protein

calorie malnutrition group (pcm) or a starvation group. The

pcm rats consumed a 3øo protein diet for 3 weeks and the

starvation group received no food or water for 4 days. Ðoth

of these treatments took place immediately prior to the

start of the exper iment . Con jugat ion in pcm rats vras

significantly lower than in the controls, who were fed an

18>" protein diet (g.l and 12.3e" conjugation, p<0.05).

Howeverr coñjugation was not significantly different from

the control animals in the starvation group (13.8 and 11.9e"

conjugation). rhis study indicates that starvation for 4

days does not effect the rate at which the adult liver
conjugates estradiol 17ß. In the starvation state, however,

Lhere is no gross enzymatic effect on the liver like that

seen in pcm. The extent to which pcm affects liver enzymes

is not known. There may be a reduced synthesis of UDp

glucuronyl transferase

Adejuwon et a1. (1982) did not take into consideration

the amount of activity with regard to the protein content of

the Iiver. Their observations would become markedJ.y

different if their results had been expressed on a per mg

protein basis. With less protein in the livers of the pcm

and starved rats, there would be an increased activity of

the conjugating enzyme.
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1 .6.4 Dietary Fiber

Dietary fiber has been shown to be a protective agent

against zearalenone toxicosis (James and Smith, 1982).

James and Smith (1982) observed that the incorporation of

alfalfa into feed containg 250ug of zearalenone/g feed

reduced the inhibitory effects of zearalenone on growth and

feed consumption, and minímized zearalenone induced

enlargement of the liver. It also increased hepatic 3øHSD

activity, which normally decreased on zearalenone feeding.

The mechanism by which al-falfa, alleviates zearalenone

toxicosis, is, as of yet, unknown. It may well be due to

the bile acid sequestering effects by dietary fiber,
interrupting enterohepatic circulation, resulting in

increased fecal excretion (Ershoff et a1., 1956). AIfaIfa
contains a phytoestrogen (coumesteroL ) which may be degraded

by 3aäSD. Therefore, high i-eveis of ingested phytoestrogens

could induce the activity of the enzyme and increase the

rate of breakdown and excretion of zearalenone (t<iessling

and Pettersson , 1978).

1.6.5 Conclusion

Decreased feed intake is a symptom of Fusarium

mycotoxicosis, therefore the effect of nuLritional
deprivation on zearalenone metabolism should be studied. If
diet restrictíon changes the Iiver's capacity to metabolize

zearalenone, there should be an alteration in the biological
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clearance rate which would enhance or diminish zearalenone's

physiological action. James and Smith (1982) have shown an

unexplainable reduction of 3¿HSD activity when animals were

given zearalenone, while Stangroom and Smith (1984) have

observed an increase in activity. I f this enzyme is
affected by a restricLed intake, then the potential effects
on the excretion profile are unknown. Merrill and Bray

(1982) found that UDP glucose dehydrogenase, the enzyme

which synthesizes UDP glucuronic acid and UDP glucuronyl

transferase were not influenced by supplementations of

protein, but increased activity was observed with protein

deficiency. The effect of decreased caloric intake on UDP

glucose dehydrogenase and on UDP glucuronyl transferase and

3¿HSd should be studied to determine if there is an increase

in the toxic action of zearalenone in this state.



Chapter I I

MÀTERTALS AND METHODS

2.1 ANIMALS

Female weanling Sprague-Dawley rats ( 50-609) were

randomly assigned to control or the experimental groups.

Animals were housed separately in stainless steel cages and

kept on a 14-10 hour light-dark cycle. Animals were fed a

commercial- chow diet (Ralston Purina Co., St. Louis, MO) for
2 days. Ànimals v¡ere then switched Lo a standard semi-

purified diet, fed daily and weighed weekly. The control
animals received the diet ad libitum while the pair-fed
experimental animals recieved 75e" of. their control partner's
intake.

2.2 DIET FORMULATION

Diets were formulated according to the National Research

Council's guidelines set forth in the Nutrient Requierments

of Laboratory Ànimals (1978). The level of corn oil in the

diet was maintained at Seo in accordance with the

recommendation of the American InstiLute of Nutrition
(1977), to ensure that the diet was sufficient in essentíaI

fatty acids. Specfic diet formulation in Table 3.

33
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Corn Starch

Glucose

Casein

DL-Methi on i ne

Corn OiI

Fiber

AIN Mineral Mix

AIN Vitamin Mix

Choline Bitartrate
Energy

TABLE 3

Diet Composition (e")

BASAL CARBOHYDRATE

3 0,"a

35e"

20e"

0. 39o

troJ-o

Ëo-J-o

t tro-
J. J-o

1o-l'o

0.2e"

1 5.9JouI es/g



2.3 EXPERIMENTAL DESÏGN

Enzyme Study

Metabolic Study

Toxicity Study

TABLE 4

Experimental Populat ion

Control Group

15

6

40

35

Experimental Group

15

6

40

2.4 EXPERIMENTÀL PROTOCOL

2.4.1 Enzyme Studv

2.4.1.1 Ànimals

After 2 weeks on the dietary regime, the

humanely ki1Ied, Iivers excised, and assayed

UDP glucuronyl transferase enzymes.

2.4.1.2 3¿HSD Enzyme Assay

animals rrere

for 3oHSD and

Method

James and

(sigma

smi th,
Co. Product Information Sheet for 3øHSÐ ì

1982). (Appendix À)

2.4.1.3 UDP Glucuronyl Transferase Enzyme Assay

Method (HatI and Esbenshade, 1984) (Appendix B)
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2.4.2

2.4.2,1

Metabol ic Studv

Ànimals

After 2 weeks on the dietary regime, the animals were

dosed with 1ng/kg body weight of zearalenone by stomach

intubation. Animals vrere transfered to metabolic cages and

urine and feces $rere collected every 24 hours for 4 days.

2.4.2.2 HPLC Methods

The method used in this study was an adaptation of the

ß-glucuronidase hydrolysis proceedure of James et aI.
( 1981 ). The extraction procedure and HPLC operating

conditions were those of Trenholm et al. (1981b). (appendix

c)

2.4.3 Toxicitv Studv

2.4.3.1 Ànimals

Within each treatment group, each animal was assigned to

a semi-purified diet containing 0, 50, 100 or 150ppm pure

zearalenone. After 3 weeks on this dietary regime, the

anímals were humanely kitled and and tiver and uterine
weights were determined.
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2 .4 .4 Stat i st ical AnaIys i s

Ðata l.¡as analyzed using the Statistical Analysis System

(SaS), 1982 version. À one vray analysis of variance (eNOva)

was used on the Enzyme and Metabolic Sludies to determine

the effect of treatment (control versus experimental). A

two yray ANOVA was used on the Toxicity Study to determine

the independent effects of ppm and treatment.



Chapter III
RESULTS ÀND DISCUSSION

3.1 ENZYME STUDY

In the Enzyme Studyr ânimals on the restricted dietary
regime consumed 75e" of their control animals ad libitum feed

inLake. There vras a signi f icant di fference observed in
final body weights between the control and experimental

animals, with the experimental animals supporting lower body

weights than control animals (table 5, p<0.0001 ) .

Cumulative feed efficiency was also significantly lower in
experimental animals (p<0.0001). The differences in growth

and feed ef f ic iceny vrere a reflect ion of the dietary
restriction placed on the experimental animals.

Feed restriction resulted in a significant difference in

3oHSÐ enzyme activily. There was a difference in enzyme

activity of 27.5e", from 7.75 to 9.88nM of NADH

produced/nínu|e/ng protein in control and feed restricted
animals respectively (tab1e 6, p<0.0038).

There are no other results on

on 3øHSD activity reported in the

Smith (1984) observed the effect
activity. They observed that

the effect of diet per se

literature. Stangroom and

of substrate on the 3oHSD

rats given zearalenone
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Table 5 Enzlme Stud
The Effect

Control

Experloental

ANovA (p)

uean ! SEI{

v:
of Feed Restrlctlon on Body $etght (g) and Cu¡ulatlve Feed Efflclency (ÎoÈal l.letght Galn (g)/Total Food Intake (g))

Body l{elght Cuuu la t lve
Food Intake (g)

260.57 ! 7.28

197.79 r 5.33

0.0001

Cunulatlve
Feed Efflclency

0.256 ! 0.0r0

0.205 ! 0.006

0.0001

t5

t5

lnltlal

r43.93 ! 2.95

138.47 ! 2.O2

NS

Fi na1

207.93 ! 5.05

180.07 t 3.14

0.0001

(^,
\o



Table ó Enzyoe Study:

the Effect of Feed Reetrlctlon on 3cHSD (nr¡ol/NADH produced/nlnute/rng proteln) end UDP glucuronyl trangferaee (nno1 conJugatedlhtlrLg proÈeln) Actlvlry

3aHSD UDP Glucuronyl lraneferaee

Control

Experfnental

ANovA (p)

oean ! SE!{

t5

t5

7.75 ! 0.46

9.813 r 0.49

0,0038

52.567 r 3.869

93.758 ! 7.686

0.0001

rÞ
o
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(250ug/g feed) t¡ad significairtly higher (5.3so) 3øuso enzyme

activities when compared to control animals (61.1 to 64.5 nM

of NAÐH produced/ninute/ng protein, p<0.01 ). However, they

could not reproduce these effects in subsequent experiments

reported in the same document. Futhermore, this íncrease in

the activity of 3aHSD after zearal-enone administration was

in contrast to their earlier report (James and Smith, 1982).

In this study, the enzyme activity of the zearalenone

treated animals decreased 30.9e", f.rom 4.2 to 2.9 nM of NÀDH

produced/minute/mg protein, p<0.05) . The authors attributed
the 10 fold difference in actívity of 3øHSD between the

studies to the nonsaturated substrate l-eveIs in the 1982

study (Stangroom and Smith, 1984). These reports by Smith

and coworkers (James and Smith, 1982¡ Stangroom and Smíth,

1984) must be cautiously interpreted. Neither of these

enzyme assay conditions reported could be shown to produce a

linear response nor a response proportional to the amount of

protein in our laboratory.

The following two studies were conducted to characterize

the pH optimum and ceIIuIar location of the zearal-enone

reducing enzyme and not to establish maximum reaction rates.

These studies have produced data on the activily of 3øHSD in

rat liver. Tashiro et aI. (1983) measured the in vitro
conversion of zearalenone to zearalenol, and observed the

activity to be 3.OpM of NADH produced/nínute/ng protein. In

a similar study, Ueno et aI.(1983) observed an enzyme



act ivi ty of 17 .2p14 of NADH produced /nínute/ng
3øHSD. Both Tashiro et aI. (1983) and Ueno et

observed pmolar activity, a very small amount

when compared to this sludy and others (James

1982; Stangroom and Smith, 1984).
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protein for

aI. (1983)

of activity
and Smith,

Varying results have been reported in the Iiterature on

the measurement of 3øHSD enzyme activity. The differences
observed can be attributed to differences in analytical
methods used, sex of animals, age of animals and the

fractions of the liver used in the enzyme preparation.

Feed resÈriction resulted in a significant difference in

UDP glucuronyl transferase enzyme activity between ad

Iibitum and restricted animals. À difference of 78.7>o was

observed between control and experimental animals, with UOp

glucuronyl transferase activities of 52.5 to 93.8nM of p-

nitrophenol conjugated/hour/mg protein respectiveJ-y (rable

6, p<0.0001 ) .

This is in general agreement !¡ith other reports in the

Iiterature. Wood and Woodcock (1971 ) studied the effects of

dietary protein deficiency on the conjugation of foreign

compounds in the rat liver. They fed immature male rats an

18eo protein or protein-free diet for 7 days and measured UDp

glucuronyl transferase activity. A marked difference of

115e" in enzyme activity vras observed in the protein

deficient animals (85 to 183 nM of p-nitophenol
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conjugated/hour/mg protein, p<0.01). Protein deficiency

alone increases UDP glucuronyl transferase activity, but

when this is accompanied by a subnormal caloric intake, a

much smaller increase of enzyme activity was observed. The

authors suggest that this effect was not due to the

synthesis of a nevr enzyme protein, since protein synthesis

is minimal in deficient animals. The alterations in the

composition and/or or structure of the endoplasmic reticulum

or both vlas the cause of the increased enzyme activity.

In a recent study by Merrill and Bray (1982) chloral
hydrate induced sleeping time was used as a measure of

glucuronide formation in vivo. UDP glucuronyl transferase

enzyme conjugates the main by-product of chloral hydrate

rendering it inactive. MaIe wistar rats were fed diets of

7.5, 15 and 45e" protein for 16 days. Animals fed the 15e"

protein diei besi represented normai growth patterns. Feeo

efficiency was significantly less on the 7.seo protein diet,
but no difference was seen between the 15 and 45eo groups.

The in vitro activity of UDP glucuronyl transferase was

significantly higher in the 7.seo group (100 and 108eo) with

an activity of 38.37 nM conjugated/hour/mg protein when

compared to the 15eo ( 1 9. 19nM) and the 45eo ( 18.44nM) protein
groups (p<0.05). Chloral hydrate induced sleeping Lime was

inversely related to the in vivo UDP glucuronyl transferase

activity. Animals in the protein deficient group had

sleeping times of 58.4 minutes, 60 and 66eo shorter than the



1 5 and 45e" prote i n

respectively.

44

groups at 93.2 and 97 .2 minutes,

They concluded that low dietary protein intake caused an

increase in UDP glucuronyl transferase activity. Merrill
and Bray (1982) hypothesized that the diet caused structural
changes in the endoplasmic reticulum, lowering the

permeability barrier. À decrease in dietary protein may

have caused a decreased phospholipid content and altered the

composition of the phospholipid present.

These studies support the data presented in this
experiment, that a decreased caloric intake causes an

increase in the activity of UDP glucuronyl transferase. The

activity of the enzyme Ì{as well within the normal range of

20 to 80 nm conjugated/hour/mg protein for untreated rats.

3.2 METÀBOLIC STUDY

In the Metabolic Studyr ânimals on the restricted diet
had signi f icantly di f ferent cumulat ive feed intakes
(p.0.0001 ) and cumulative feed efficiencies (tabIe 7 ,

p<0.0217). Experimental animals had both lower cumulative

food intakes and cumulative feed efficiencies than control
animaLs. The initial experimental population were selected

so that after two weeks of feed restriction no difference
would be observed in body weights between control- and

experimental animals.



Table 7 Hetabollc Study:

The Effect of Feed Restrfctlon on Body l.lefghC (g) and Cunu.latlve Feed Efflclency (Total l.lelght caln (g) llota| Food Inrake (g))

Body l.lel8ht
Inltlal Flnaln

ConÈrol

Experluental

ANoVA (p)

nean ! SEI{

6

6

78.00 ! 2.45

89.67 I 5.89

NS

152.00 ! 4.38

138.33 ! 4-99

NS

Cuou 1a t lve
Food Intake (g)

215.17 ! 3.04

165.33 ! 2.74

0.0001

CusulaÈlve
Feed Efflciency

0.344 I 0.015

0.295 ! 0.010

o.0217

rÞ(¡
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There !.ras a significant effect of feed restriction on the

percentages of cumulative excretion of zearalenone and

metabolites in the urine and feces. There were differences
in both the route of excretion and the form of metabolites

excreted (tab1e 8). The restricted animals excreted 15.34e"

more bound urinary zearalenone than control animals (11.03

fo 26.37e", p<0.0292). There was a corresponding difference
of 21 .67e" in f ree fecal zearalenone (38.34 to 16.67e",

p<0. 0459 ) and free fecal azearalenol of 4.28eo (9.72 to
5.44e", p<.0.0354) in restricted animals excreting less than

their matched controls. These differences were reflected in

the total distribution of metabolites. Restricted animals

excreted 4.47e" more total zearalenone (81.85 to 86.32eo,

p<0 . 0129 ) and 3 . 65e" less tota L øzearalenol (15 .28 to 11 .63eo,

Tab1e 8, p<0. 05 ) . Only smalL amounts of ßzearalenol !,rere

excreted, and these were to variable to detect differenecs
in excretion between control and experimental animals.

The control animals excretion profile showed free fecal
zearalenone ( 38.34e.) as the major excretory metabolite

followed by free urinary zearalenone (34.45eo), bound urinary
zearalenone ( 11 .03eo) , f ree f ecal ozearalenol (9.72e") , the

urinary forms of ozearalenol and all ßzearalenols (rable 8).
The major excretion product in the restricted animals vras

free urinary zearalenone, which constituted 43.28e" of the

dose recovered in this group. Bound urinary zearalenone

(26.37e") , f ree f ecal zearalenone (16.67e") and f ree f ecal



Table 8 Hetabollc Study:

The Effect of Feed Reetrlctlon on the Cumulatlve Excretlon of Zearalenone and Metebolfte8 tn the Urfne end Fece8 (Z)*

n Free Urlnary Bound Urlnary Free Fecal Total Drstrrbutlon Recovery (ng) Total Recovery (ng)
zea enone

control

experlnental

c zearalenol
control

I zearalenol
control

experlmental

ANovA (p)
zearalenone

o zearelenol

ß zearalenol

nean ! SEM

*corrected for recovery

32.49 ! 9.39

43.28 ! 5.94

3.44 ! O.78

3.61 ! 0.39

1.65 I 0.41

1.07 r 0.40

NS

NS

NS

n.03 1 2.39

26.37 ! 5.34

2. t0 ! 0.51

2.58 t O.37

o.45 ! 0.22

0.57 ! 0.2t

o.0292

NS

38.34 I 8.ll

16.67 ! 4.97

9.72 ! 1.05

5. t14 ! 1.42

o.79 ! O.22

0.41 r 0.20

0. 04 59

0. 03 54

NS

81.85 ! t.l4

86.32 t 0.95

15.28 r l.l8

11.63 I l.14

2.89 ! O.37

2.05 I 0.36

0. 0l 29

0.0515

NS

6

6

6

experLrnental 6

8027 6 .85

76456.27

15310.84

11031.42

26l9.ll

1630.23

Control

Experfnental

98 206 . 80

89t17.92

6

6

NS

rÞ{
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øzearalenol (5.44e") rnade up the ma jority of the other

metabolites excreted in restricted animals. SmaIl amounts

of urinary ozearalenol and urinary and fecal ßzearalenol

were recovered. In both control and experimental animals

the percentages of the total distribution of metabolites

were similar. However, when free and bound forms were taken

into consideration differences in the major excretory

metabolit.es appeared (fable 9).

TABLE 9

Metabolic Study: The Summary of the Major Excretory
Metabol i tes ( s" )

Cont ro1

Free Fecal Zearalenone

Free Urinary Zearalenone

Bound Urinary Zearalenone

Free Feca1 oZearalenol

Exper imental

Free Urinary Zearalenone

Bound Urinary Zearalenone

Free Feca] Zearalenone

Free Fecal ¿ZearalenoL

38.34

34.45

11.03

9.72

43.28

26.37

16 .67

5 .44
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The urine method had a recovery rate of 93eo and the

recovery rate f or the f ecal method vras 80eo. Data yras

corrected for method recovery. In this study, 62.Seo of the

total dose given was recovered. The daily excretion
profiles presented (tables 10, 11 and 12) were converted to
percentages of cummulative excretion for the purposes of

this discussion.

In the control animals, 48.85eo of the dose recovered was

excreted in the feces and 51 .16e" in the urine (tabIe 13).

Experimental animars had 22.52e" f ecaÌ excretion and 77.48e"

urinary excretion. when these percentages are corrected for
recovery, the control animals excreted 30.53eo of the dose in

the feces and 31.79e" in the urine. Experimental animals had

fecal excretions of 14.08e" of the dose and urinary
excretions of 47.98e".

In a 1976 study by Mirocha and covrorkers

excretion in rats, they observed 2'l .5eo as free

and 39.8e" as conjugated metabolites. Of the

given, 67.4eo wâs recovered.

on urinary
metabol i tes

total dose

James et aI. (1981) developed a HPLC method to quantify
zearalenone and metabolites in rat urine. The authors

observed 71e" of the dose as free metabolites and 29eo as

bound metaborites. The recovery rate for this method was s0

to 80eo, and only 3eo of the total does was recovered. When

Smith (1982a) used this methodr urinary recovery of



Table l0 ÌíeÈabolic Study:

The Effect of Feed Reetrfctlon on the Dafly Excretlon Proflle of Free Zearalenone and Free Metabolftes ln the Urlne (ng)r

Day I Dey 2 Day 3 Day 4n

Control

zearalenone

a zearalenol

ß zearalenol

Experfnental

zearalenone

q zearelenol

B zearalenol

Eeen ! SEll

*corrected for recovery

15804.28 ! 4848.25

1095.56 ! 470.67

370.67 ! 10t.48

16432.00 t 3835.97

1330.31 ! 554.t6

276.O4 ! 75.15

6265.27 ! 1185.88

946.92 ! 124.10

530.84 ! ll2. ll

l0ó87.1:t r 12t8.50

1262.6:i ! 177.05

280.63 ! 103.05

244J.14 ! 354.79

633.30 t 66.38

389.12 ! 82.05

2878.80 ! 327.58

457.67 ! 52.46

196.31 ! 76.97

8ó5.40 ! 124.05

354.66 ! 94.12

106.27 ! 49.99

878.43 ! 108.43

t64.57 ! 69.72

0.0

lota I

26317.13 ! 5940. l7

3030.43 ! 552.9t

1396.63 ! 277.63

3ó020.95 ! 5885.06

3215.20 ! 772.84

752.98 I 1E0.5¿r

6

6

6

6

6

6

ulo



Table ll ¡letabolfc Study:

the Effect of Feed Restrlctlon on the Dally Excretlon Prc,flle of Bound Zearelenone end Bound Metabollree ln the Urlne (ng)*

Day I Day 2 Day 3 Day 4

Cont rol

zeara lenone

o zearalenol

g zearalenol

ANovA (p)

Exper furenta 1

zeara lenone

o zearAlenol

6 zearalenol

ANovA (p)

nean 1 SEM

corrected for recovery

9437.74 ! 3074.14

t375.81 ! 498.54

87.58 ! 41.55

19061. l3 ! 6tz6.32

t239.t2 ! 3t3.95

67 .27 ! 27.77

1815.20 ! 529.22

337.27 ! 37.42

52.90 ! 34.65

3583.96 !.1039.22

65t.79 r 124.08

115.22 ! 25-14

382.t7 r 106.t4

160. 14 ! 87.87

154.30 ! 99,70

652.55 ! 220.t4

21o.34 ! 70.17

139.03 ! 81.72

135.86 ! 69.74

97.tO ! 72.O9

t7.42 ! 30.57

225.63 ! 6t.27

72.90 t 15.08

31 .52 ! t9.94

lota I

tt770.97 ! 3395.48

2113.35 ! 652.77

342.20 ! 137.98

23523.26 ! 6383.73

2t74.16 I 404.51

430.09 ! ló5.92

6

6

6

6

6

ó

(¡



Table l2 lletabollc Srudy:

The Effect of Feed Restrlctfon on Èhe Dafly Excretlon Proflle of Free Zearalenone and Free Metabolltes ln the Feces fng)*

Day I Day 2 Day 3 Day 4
n

Cont rol

zeara lenone

a zearelenol

I zearalenol

Experlnental

zearalenone

a zearalenol

g zearalenol

nean t SEl,l

orrec or recovery

6

6

6

23906.79 r 10985.97

2976.67 I t235.36

288.48 I 133.83

4036.35 t 2690.98

415.13 ! 223.79

22.t9 ! 22.19

13585.08 t 1863.40

4663.67 ! 874.89

312,69:t 107.95

9307.23 t 2771.27

323t.73 I I 181.34

286.77 ! t40.t5

3937.52 ! 1503.16

1985.56 ! 675.69

173.05 ! 59.03

2739.48 ! 657.44

1526.60 ! 377.56

t38.2t ! 57.49

759.35 ! 22t.59

541. l7 t 146.01

20.31 r t5.t6

829.00 ! t52.17

468.60 ! 137.23

0.0

Tota I

42t88.75 ! 13196.00

l0ló7.0ó ! 2255.O5

880.27 ! 292.80

16912.06 ! 5ó28.38

5642.06 ! t787.?7

447.t7 ! 209.34

6

6

6

CN
N)
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TABLE 1 3

Metabolic Study: The Summary of the Urinary and Feca1
Distribution of Metabolites (e.)

Urine Feces

Cont rol
Exper imental

Corrected For Recovery
Cont rol
Exper imental

51 .16
'17 .48

31 .79
47.98

48.85
22.52

30.53
14.08

zearalenone revealed 2e" of the total dose as free urinary
zearalenone and metabolites and 1eo as bound urinary
metabolites. With a 50 to 80e" recovery rate, the amount of

zearalenone recovered vJas minimal, êspecially when

considering the size of the dose (10mg/100g body weight).
They al-so measured fecal excretion and observed 22eo of Lhe

dose in the feces. They did.not state the recovery rate for
the fecal method. The major urinary and fecal metabolites

were f ree zearaleneone, 82.2 to 99.6e" respectively.

Smith ( 1 980a) conducted a [H3] Iabelled study to
determine the excretion profile of zearalenone and

metabolites in rats. Of the 93.4>" of the dose recovered,

31.1eo irâs f ound in the urine and 62.3eo as f ecar metaborites.

Quantification of the metabolile forms was not carried out

in this experiment.
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Mirocha et al. (1975) observed 60.seo of a labelled
zearal-enone dose excreted in the urine, with 4.7eo in the

f eces. However, both Ueno et al. (1977') and Baldwin et aI.
(1gll ) observed the majority of a radiolabelled dose of

zearalenone to be excreted in the feces 40 to 60e" and 70 to

8Oeo, respectively. There is no agreement in the literature
as to the rate, route and form of zearalenone metabolites

exc reted.

3.3 TOXICTTY STUDY

A significant decrease was observed in cumulative feed

intake between control and experimental animals in the

Toxicity Study (rable 14, p<0.0001 ). This difference was

due to the dietary restriction placed on experiment,al

animals, which was part of the experimental design.

The measurement of feed efficiency estimates the effect
of treatment on the diet utilization and its impact on

growth as measured by weight gain per unit nutrient
consumed. Analysis of the cumulative feed efficiency data

indicated the presence of an interaction between dietary
treatment and zearalenone level (Table 14, p<0.003). Feed

efficiences in feed restricted animals given zearalenone at

50, 100 and 150ppm, while not significantly different from

each other, showed a significant increase when compared to

control animals at the same dietary zearalenone leveI (12.9

to 26.3eo). No difference in feed efficiency was observed



Table l4 Toxlclty Study:

The Effect of Feed Reetrlctlon on Body wetght (g) an¿ cu¡ulatfve Feed Efficlency (Total tlelghr Galn (g)/Totar Food rntake (g))

n

Body Wetght
Inlrial Final

Control Experlmental Controll Experlnental
Cu¡ulatlve Food Intake (g)
Control Experfnental

Cunnrlatlve Feed Ef flclency
Control Experfoental

0 ppro

50 ppo

100 ppo

150 ppo

l0 63.5010.82

I0 58.57!1.41

t0 63.90!2.t7

l0 65.20!2.57

ANovA (p)

PPI{ Error

lreatoent Error

PPll*Treatoent Error

nean t SEH

62 . 25!t .56

66.ó0r1.58

65.50!2.02

59.OO!t.72

178. l0!3.33

152.22!2.24

150.44!4 ,47

135.89!3.57

I 48 .89!3 .94

146 .3t!2 . t2

140. t0rr.67

l27.tt!3.86

311.86!2.59

289.00!11.34

283.89!8.01

29t.44!.t0.43

231.70r5.89

218.40t8.69

220.50!6.92

221.44!8.3t

0. 360!0.006

0 . 289!0. 005

O.297!0.012

0.250!0.0 l0

0.36010.007

0.347!0.009

0. 34 I !0.01 2

0.339!0.008

0. 000 I

0. 000 I

0.oo24

NS

0. 000 I

0. 000 I

0.000r

0.0003NS

(t
(n
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between experimental and control animals at the Oppm level.
In control animals only, there was a trend towards a

decrease in cumulative feed efficiency as the leveL of toxin
increased (17.5 to 30.6eo). It is evident that the dietary
restriclion along with the administration of zearalenone

overcomes some of the deleterious effects of the toxin by

increasing feed efficiency. without a decreased feed

intake, zeatalenone causes a dose dependent derease in feed

efficiency. Smith (1980a) also observed that feed

efficiency was reduced in animals fed zearalenone at 250ug/g

feed when compared to control animals (p<0.01).

À significant interaction between dietary treatment and

zearalenone level v¡as observed for final body weights, with
restricted animals significantly lower Lhan controls (tabIe

1 4 , p<0. 0024 ) . Exper imental an imals at the Oppm level
showed a greater decrease in body weight í16.4e"), than other

experimental animals receiving toxin when compared to
control animals (3.9 to 6.9e"). This result suggests t.hat

animals receiving zearalenone, but allowed to consume feed

ad libitum, are more sensitive to the toxic effects of

zearalenone than animals on a restricted regime.

No difference was observed in organ weights when animals

were fed zearalenone at levels of 0, 50, 100 and 150ppm

(rable 1 5) . There was an interaction between dietary
treatment and zearalenone leveI in uterine weights between

control and experimental animals (p<0. 0347) , Restricted
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animars had significantry lower uterine weights than their
matched controls (5.0 to 3.31eo, p<0.OOO2), although the

weights among the restricted animars were not significantry
different from each other. uterine weights of contror
animals decreased with increasing zeararenone revers (14.s

to 22.8e"). However¡ Do significant differences were

observed when uterine weights were expressed as a percentage

of body weight (table 16).

An interactive effect between dietary treatmenÈ and

zeararenone leve1 vras observed for liver weights (rabre 15,

p<0.041 1 ) . Restricted animals, only at the 0 and 1 OOppm

level showed significant decreases in liver weight (9.9 to
17 .9e", p<0.001 ) . In control animals there was a trend
toward decreasing river weight as the toxin revel increased
(14.5 to 24.5e", p<0.0002). when liver weight is expressed

as a pereeniage oÍ body weight, experimentai animajs

reccieving 15Oppm zeararenone had signifiantry higher liver
weights than other experimental animals (8 to 12 eo, Table

16, p<0.0181 ).

Smith (1980b) ted rats 0, 50, 100, 2SO and 500ug

zearalenone/g feed (0, 50, 1OO, 250 and 50Oppm zearalenone)

over a 14 day period. uterine and liver weight increases

r.¡ere only observed in the 250 and 500ug groups (p<0.0S). A

rater experiment by James and smith (1982) reported no

increase in uterine weights in rats fed 250ug zearalenone/g

feed for 2 vreeks. They attributed the lack of zearalenone-



Teble l5 Toxlclty Study:

The Effect of Feed Reetrlctlon on Uterfne Ltetght (g) and Llver Weight (g)

Uterirre Welght
Control

Liver llefght
n ExperlEental Con t rol Experfuental

o Pp"

50 ppur

100 ppo

150 ppo

ANovA (p)

PPM Error

TreatDent Error

PPM*Treetnent Error

Eean t SEH

t0

t0

l0

l0

0.435 ! 0.037

0.372 ! 0.027

0.340 ! 0.0t2

0.336 t 0.015

0.29t t 0.029

0.324 ! 0.017

0.323 ! 0.013

0.288 ! 0.015

8.29 t 0.19

6.96 ! O.27

7.t7 ! 0.25

6.26 ! O.29

6.81 ! 0.37

6.47 ! 0.24

6.46 ! o.l7

6.34 ! O.29

NS

0. 0002

o.0347

0. 000 2

0. 00 l0

0.04 ll

(¡
@



lahle l6 loxfclty Study:
The Effect of Feed Regtrlctlon on Uterlne ttefght and Llv,er ttefght expreesed ae a I of Body t¡elght

Uterine l{elght (Z of body weight)
Control Experlnentaln

Llver l.lefght (Z of body rretght)
Control Experlnental

o Ppo

50 ppn

100 ppu

150 ppo

ANovA (p)

PPH Error

lreet¡rent Error

PPH*Treatoent Error

nean ! SEll

l0

l0

l0

l0

0.245 ! 0.021

0.251 t 0.019

0.221 10.0cr8

0.241 ! 0.0I3

0.223 r 0.033

0. 236 ! 0.01 5

0.230 ! 0.008

0.248 r 0.015

4.79 ! 0.n

4.53 ! O.l4

4.82 ! 0.06

4.ó0 ! 0.14

4.45 ! O.t2

4.48 ! 0.093

4.60 t 0.13

tI.97 ! O.13

NS

NS

NS

NS

NS

0.0181

(n
\o
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induced uterine weight enlargement as being masked by the

effect of endogenous estrogen production. They stated that
rats in the 1982 study were weanling animals who were

approaching puberty, while the earlier study used immature

23 day old rats.

Kiessling (1982) administered daily oral doses of

zearalenone at 1 .25 or 3.7\mg/kg body weight to female rats
for I weeks. He reported liver enlargement when results
were expressed either as a percentage of body weight or

carcass weight (p.0.05), but no increase in uterine weight

was observed.

A dose and time dependent increase in uterine weight in
immature and ovarectomized mice and rats has been shown by

Ueno et aI. (1974) . In this study mice vrere given oral,
subcutaneous and/or intraperitoneat doses of 5 and lOng/kg

body weight zearalenone. AII doses and routes produced an

increase in the uterine weight of immature mice. The

authors also oral-ly dosed mice and rats with 0.5 to 2.!ng/kg

body weight of zearalenone daily for I days. Increased

uterine weight was observed, however Iiver, kidney, spleen

and total body weight did not increase. The researchers

noted that the uteri of ovarectomized mice were much more

sensitive to the effects of zearalenone when compared to

intact animals.
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In the present study several factors contributed to the

Iack of uterine and liver weight enlargement. The use of

weanling animals, as in the James and Smith (1982) study,

may have had a masking effect on uterine weight enlargement,

since these animals were endogenously producing Iarge

amounts of estrogens for growth purposes. The level-s of

zearalenone used in this study were low, and have not been

shown by other researchers to cause uterine nor liver weight

increases.

Control and experimental animals did not receive the same

amount of toxin throughout the study. The diet of the

experimental animals could have been adjusted in accordance

with the dietary restriction to allow both control and

experimental animals to consume the same amount of toxin per

gram of feed consumed. Since the control animals received
!^--:- LL-- LL- l---!-a 

-!-- 
l- rl .IilL)[e L9Àrrl Lr¡örl Lr¡e e]rPet r¡¡let¡tar a¡tr¡t¡ar!i, E'nIsi IIlay accounE

for the stronger toxic effects on the control animals as

exhibited through a decrease in cumulative food efficiency,
final body weight and organ weight. This study revealed

that a decreased food intake has a beneficial effect on

zearalenone toxicosis at these zearalenone levels.



Chapter IV

CONCLUS I ON

This study revealed that diet has a significant effect on

zearalenone metabolism. The effect of feed restriction
altered the metabolism of zearalenone by inducing the

activity of the zearaLenone metabolizing enzymes, which

altered the rate and route of excretion of zearalenone

metabolites, and apparently lessened the toxic effects of

zea ra lenone

The restricted animals showed a greater activity of both

3¿HSD and UDP glucuronyr transferase activity when compared

to their matched controls. Since feed refusal is a symptom

oi mycotoxicosis, the decrease feed iniake has a beneiiciai
effect on enzyme induction. Restricted animals have a

greater enzyme activity and are hence abre to metabolize the

toxin.

This alteration of in enzyme activity is reflected in the

excretion of zearalenone. There was a significant effect of

feed restriction on the percentage of cumurative excretion
of zearalenone and metabolites in the urine and feces.

There were differences in both the route of excretion and

the form of metabolites excreted. Restricted animals

excreted more bound urinary zearalenone and less free fecal
zearalenone and free fecal ozearaLenol than control animals.
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The toxicity study demonstrated that zearalenone, when

fed in assoc iat ion wi th a restr icted dietary regime,

prevenled the toxic expression of zearalenone.

Therefore, reduced feed intake is a beneficial mechanism to
overcome zearalenone toxicosis.
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Appendix A

3ø HYDROXYSTERIOD DEHYDROGENASE ENZYME ÀSSÀY

1 . Method Development:

The method of James and Smith (1982) for 3aHSD

enzyme activity was first tested, however a linear
response could not be produced using their method.

Ðifferent liver dilutions and substrate

concentrations were tested to find optimum conditions

for the enzyme assay, but the response was still not

Iinear. In a lat,er paper by the same authors, they

stated that their earlier study on 3¿HSD was not

conducted under optimal conditions. (Stangroom and

Smith, i964). They siightiy modiiie<i the method and

obtained an increased enzyme activity. Stangroom and

Smith (1984) concluded that the time versus velocity
curve reached a plateau after approximately 1 .5

minutes, therefore to ensure measurement of the

reaction velocities during the linear portion of the

curve, their incubations were terminated at 1.5

minutes. When the new method was tested in our lab,

a similar reaction curve to the one obtained with the

1982 method was produced. This method did not

produce a Iinear maximum reaction rate, nor was it
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proportion to the amount of enzyme

incubation mixture. Modifications

smith's ( 1 984 ) method could not

response .for enzyme activity.

72

(protein ) in the

to Stangroom and

produce a linear

ox idi ze

The product information sheet for 3¿HSD (Sigma

Chemical Co. ) contained the method used in this
study. It could be demonstrated that the linear
response fit the theoretical model (l unit of enzyme

oxidized 1 .0 uM of androsterone/minute/mg of
protein). A range of enzyme dilutions and substrate

concentrations were tested to validate the enzyme

reaction conditions. No modifications of the

substrate, buf fer nor pH vrere necessary since the

reaction proceeded at optimal rates, however more

substrate was added to enable the reaction to proceed
Ê^- - 1^ r!--rur d ¡u¡¡9er E'1¡ile.

Principle: Androsterone + ß-NAD + H* 3¿HSD

5øandrosterone-3-17-dione + ß-NADH.

One unit of enzyme

androsterone per minute at
presence of ß-NÀD. This

oxidizes zearalenone to its
Preparation of Homogentate:

Livers Yrere excised,

Two grams of liver was

and chilled on ice.
pieces with scissors

vrlII

pH8

is the

alcohol

1 .OuM

250C in9at
of

the

thatsame enzyme

forms.

3

weighed

cut into
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and homogenized in a glass homogenizing tube with a

Teflon pestle with 38mI of ice cold 0.01M potassíum

phosphate buffer, ât pH 7 .2. The sample was

homogenized 1 minute on ice. The homogenate vras

centrifuged at 40C for 1 0 minutes at 14,O00rpm

(25,000g). Supernatant was extracted with a pipet to
exclude the fat layer and kept on ice.
Assay:

the following reagents were pipetted into a cuvet

with a 1cm light path. The sample cuvet contained

0.6m1 0.1M sodium pyrophosphate buffer at pH 8.9, 2mI

glass distilled water, 0.2m1 0.01M NAÐ. AII reagents

r.rere at 25oC. Supernatant was added and the cuvet

vras mixed by inverting 4 times. The sample was

monitored at Àg¿onm until constant (5 minutes) using
^ !L^--^-!-!-l !--^-t-cr L¡rertu()sL¿tLe(.r speL;rL9pn()t()¡ueter wlE,n a cuveE,

containing glass distilled *ut"r as the reference.

To initiate the reaction, 0.1mI 0.01M androsterone

was added to the sample cuvet and immediately mixed

by inversion 4 times. The reaction was monitored for
5 minutes.

5. Ðetermination of Activity:

The À4, o ¡nm/minute v¡as

calculated through the

produced /ninute/ng protein

reaction volume/6.22.

recorded. Activity was

equation: um NADH

=AÀg asnm/mínute x 3.0m1
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Determinat ion of protein in the cuvet vras

performed by the Lowry Method ( 1 951 ) on the

supernatant. Each sample was analyzed in triplicate.
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Àppendix B

UDP GLUCURONYL TRANSFERÀSE ASSAY

Method Development:

The method by HaIl and Ebenshade (1984) was

foLlowed. Val-idation of the method was carried out

to determine if the enzyme system was saturated and

that the protein concentration used was appropriate.
Àfter testing, it was concluded that the method was

working at optimum conditions and no modifications
were made.

Pr i nc iple :2

p-nitrophenol +UOP glucuronic

transferasq UDP + p-nitrophenol

-

acid UDP gLLtcuronvl

glucuronic acid.

3

This assay measured the disappearence in color as

p-nitrophenol is conjugated. This is the same enzyme

that conjugates zearalenone and derivatives.
Preparation of Homogenate:

Livers from femal-e rats vrere excised, weighed and

chilled on ice. Three grams of liver was cut inlo
pieces with scissors and homogenized in a glass

homogenizing tube with a Teflon pestle with 12ml of

ice cold 0.154M isotonic KCL, at pH 7.4, The sample
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was homogenized for 1 minute on

was centrifuged at 4oC for 20

(2,0009) and the supernatant

pipet to exclude the fat layer

Àssay:

76

ice. The homogenate

minutes at 4,000rpm

vras extracted with a

and kept on ice.

The assay was perfomed in 13 x 100mm glass test
tubes at 37oC in a shaking water bath (¿O

strokes/minute). Each tube contained 50OuI of the

supernatant and the final volume in the tubes was

brought to 2.5m1 with 75mM maLeate-ma1ic acid buffer
(pu 6.4) containing 0.05e" triton x-100, 0.5 mM p-

nitrophenol and 1mM UDP glucuronic acid. The

reaction v¡as initiated with the addition of the

maleate-malic acid buffer. Two 250uI aliquots were

removed at time 0, 5, 10, 15 and 20 minutes of

incubation. Each aiiquot was added to 2mi of 75mM

Tris-HCL buffer ice cold, ât pH 9.0, lo stop the

reaction. Àbsorbtion of the aliquots at 400nm were

averaged for each time interval. Duplicate assays

were performed for each animal, and the rate of

change in absorbtion v¡as averaged for each animal.

Control assays omitted UDP glucuronic acid from the

assay, and were performed for each animal.

5. Determination of Acitivity

The ÀA+ooflnt

The absorbtion

was plotted for sample and control.
from the graphs were correlated to a
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standard curve prepared by measuring known quantities
of p-nitrophenol (25, 50, 100 and 150nM). The amount

of. enzyme activity (nu p-nitrophenol

conjugated/minute/mg of protein) was then determined.

Determination of protein in the cuvet was performed

by the Lowry Method (1951) on the homogenate.



Àppendix C

HPLC ASSÀYS FOR ZEÀRALENONE ÀND METABOLITES

6. Method Devleopment;

SIight modifications were made to the Trenolm et

aI. (1981b) method for the analysis of urine.
Adjustments were made to the sol-vent to shorten the

retention time between the ¿ and ßzearalenol peaks.

The flow rate was changed to 1n|/ninute and standards

contained 50ng of zearalenone I clzearalenol and

ßzearalenol. The addition of phenol red to the

samples caused a peak to appear at the same postion

as l3zearal-enol . An addi tonal sample hras run through
!L- -l--- l-L---:-- LL -Ê --!-a ---5- 

lLrre ÅJr.9ÇeL¡ur e Lu qeLer¡tlrile trle ä¡nuu¡¡t 9I ac I(1 Iree(fect

to neutralize the samples.

The fecal method used by Trenholm et aI. (1981b)

called for a washing of the ethyl acetate sample with

hexane. Since hexane and ethyl acetate are miscible,

this procedure could not be used. Freeze dried feces

were soxhleted with ethyl acetate for 16 hours and

compared to fresh feces homogenized in water for
percentage recovery of zearalenone and metabolites.

The recovery from the soxhleted samples was only

70-80e" of the metabolites recovered from the

homogenized feces.
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For determination of bound metabolites, 457

of enzyme were incubated with the sample.

difference in recovery of bound metabolites was

when a range of ratios of sampie to enzyme

tested ( 1 :1 , 1 z2 and 1 :5) . When clean samples

added standard were tested for percentage

recovery, there was 93e" urinary and 80eo

recovery of zearalenone and metabolites.

Urine Metabolites Hydrolysis and Extraction:
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units

No

found

vrere

with

of

fecal

7

À 0.1ml urine sample and 1 .8ml glass distilled
water v¡ere pipetted into an 8m1 screlr top test tube.

A ß-glucuronidase soLution (rype B-1 I I I Sigma

Chemical Co.),0.1ml, in glycerol was added. Tubes

v¡ere loosely capped and the mixture v¡as incubated

overnight at 37oC in a water bath. Two m1s of 1Oeo

2-propanoi in ether vras added to the cooied incubated

tubes. The mixture r¡as vortexed, layers allowed to
seperate and the top layer vras removed. This step

was repeated. The two extraction layers (ether) were

combined. The ether layer was placed on ice for
10-15 minutes, and adjusted to pH 12 with the

addition of 2.OmI of chilled 0.184M NaOH. The

mixture þras vortexed and then chilled on ice" The

Iayers were separated and the top layer was

discarded. The cold aqueous layer was washed with
2mJ- portions of benzene. To avoid the formation of



I
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an emulsion the tubes vrere gently inverted i¡hiIe
mixing. The samples were chilled and the top
(benzene) layer was discarded. This step was

repeated. Phenolphathalein indicator (3 drops) was

added to neutralize the sample to pH 7.0-8.0 range by

adding 0.5N chilled acetic acid. The indicator
turned from red to slightly yellow. The sample v¡as

chilled and extracted 3 times with 2.0m1 of benzene,

vortexed 30 seconds and chilled. The extracts were

combined and evaporated to dryness. Samples were

taken up in an known volume of the mobile phase

without phosphoric acid. For the determination of

free zearâlenone, ø and ßzearalenol in urine, the

incubat ion step vras omitted and 1 .9ml of water vras

added to the sample. Standards of known

concentration were used to establish that the

recoveries from the hydrolysis, clean up and

extraction Yrere quantitative.
Feca1 Metabolites Hydrolysis and Extraction:

The total fecal sample was thawed and transfered

to a glass homogenizing tube with 1Oml of glass

distilled water. A polytron homogenízer v¡as used Èo

blend the feces to a uniform consistency. Aliquots

of 0.1ml were taken from this mixture and analyzed

for free and conjugated metabolites by the same

procedure which determined urinary metabolites. The



9

only change vras centrifugation of

the ether extractions.
Mobile Phase:

81

the samples between

Water:Methanol:Acetonitrile and Phosphoric Àcid

(45t42213 + 0.2e"). Flow rate 1.0m1/minute.

1 0. Standards:

Zearalenone, øzearaIenoI,

(International Minerals Chemical

IN).

and

Corp.,

ßzearaLenol

Terre Haute,



Appendix D

NUTRIENT SUPPLIERS

TABLE 17

Nutrient Suppliers

CARBOHYDRATE
Corn Starch

AIphaceI
Non-Nutritive bulk

Dextrose Sugar

PROTEI N
Vitamin Free Casein
"vi ta Free t'

DL-Methi on i ne

Mazola Corn OiI

VITAMINS AND MINERALS
AIN Vitamin Mixture

AIN Mineral Mixture

Choline Bitarate

Pharmacuet icals
Pharmaceut icals

Casco Brand, Canada Starch Co.
Cardinal, Ontario
KOE 1EO

ICN Pharmaceticals Inc. Life Scienes Group
26201 Mills Road
Cleveland, OH 44128

The R. Wine Baril winnipeg, Manibtoba

USB (United States Biochemicals)
21000 Miles Parkway
CIeve)-and, OH 44128

USB

Best Foods (Oivision of Canada Starch lnc.)
CP 129 Station 'A'
Montreal, Quebec
H3C 1C5
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ICN

ICN

USB

Inc.

Inc.
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Appendix E

LTST OF MAJOR EQUIPMENT

1. Sp6-300 Spectrophotometer, pye Unicam

2. Sp8-400 UV/VIS Spectrophotometer, pye Unicam

3. international centrifuge, rnternationar Equipment co.

4. rnternational Refrigerated centrifuge, rnternationar
Equipment Co.

5. Meyer N-Evap Analytical Evaporator

6. Caframo Stirrer Type R2R1-64 Homogen izer, Canlab

PoIyt ron

7. Water-bath Shaker, Eberbach Corp.

8. HPLC

a) Pump, Beckman 1104

b) Ultraviolet Absorbance Detect,or 254nm, Beckman 160

c) Co1umn, Hibar Rp-18, 1Oum (250 x 4mm) with a

Whatman precolumn

d) Recorder, Bausch and Lomb 500 UV Vom 7
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