
Properties of Rat Liver UDP-Glucuronyl
Transferase Enzyme Activity

by

Aparna Pandey

A thesis
presented to the University of Manitoba

in partial fulfillment of the
reguirments for the degree of

Master of Science
tn

Foods and Nutrition

Winnipeg, Manitoba
(c) Aparna Pandey, 1989



l@ffi
National LibrarY
of Canada

Canadian Theses Service

Ottawa, Canada
K1 A ON4

Bibliothèque nationale
du Canada

Service des thèses canadiennes

The author has granted an lrrevocable non-
exclus¡ve licence allowing the National Library
of Canada to reproduce, loan, distribute or sell
copies of his/her thesis by any means and ¡n
any form or format, making this thesis available
to interested persons.

The author retains ownership of the copyright
in his/her thesis. Neither the thesis nor
substantial extracts from it may be printed or
otherwise reproduced without his/her per-
mission.

T SBN 0-315-549 LL-I

L'auteur a accordé une licence irrévocable et
non exclusive permettant à la Bibliothèque
nationale du Canada de reproduire, prêter,
distribuer ou vendre des copies de sa thèse
de quelque manière et sous quelque forme
que ce soit pour mettre des exemplaires de
cette thèse à la disposition des personnes
intéressées.

L'auteur conserve la propriété du droit d'auteur
qui protège sa thèse. Ni la thèse ni des extraits
substantiels de celle-ci ne doivent être
imprimés ou autrement reproduits sans son
autorisation.

Caxaad#



PROPERTIES OF RAT LIVER UDP-GLUCURONYL
TRANSFERASE ENZYME ACTIVITY

BY

APARNA PANDEY

A thesis submitted to t¡le Faculty of Craduate Studies of
the university of Ma'itoba i' partiar furfiilment of the requirenrents
of the degree of

MASTER OF SCIENCE

o 1989

Pernrissior has bee¡r gra'red ro the LIBRARy oF THE UNIVER-
SITY OF MANITOBA ro lend or sell copies of this thesis. to
the NATIOn'AL LIBRARy OF CANADA to microfilnr this
thesis ard ro lerd or seil copies of rrre firm, and uNTvERSITy
lvf ICROFILMS to publish an absrract of this thesis.

The author reserves other publication rights, alrd neitller tlre
thesis llor extensive extracts frorl it may be prirrted or other-
wise reproduced without the author's writte¡r pernrission.



I hereby declare that I am the sole author of this thesis.
I authõrize the University of Manitoba to l-end this thesis
to other institutions or individuals for the purpose of
scholarly research.

Aparna Pandey

Aparna Pandey

I furLtrer authorize the University of l{anitoba to reproduce
this thesis by photocopying or by other means, in total or
in part, âL thã iequest of other institutions or individuals
for the purpose of schoÌarly research.



The University of Manitoba requires the signatures of aII
persons using or photocopying Lhis thesis. Please sign
below, and give address and date.



ABSTRACT

Zearafenone (Z) is a hydrophobic xenobiotic which is
metabolized by two dif ferent reactionsr, a red'uction to an

alcohol- and a conjugation with gJ-ucuronic acid. Experiments

were conducted to determine the UDP-glucuronyJ_ transferase

(UDPGT) isoenzl¡me which catalyzes Z conjugation, and the

effect of increased enzyme activity on Z metabolism. In

competitive enzyme assays, the activity of rat liver UDPGT

towards Z was inhibited by l-naphthol (NA), a Gtl substrate,

and 4-hydroxybiphenyl (HP), a GTZ substrate. When enzyme

activity was induced with either 3-methylcholranthrene

(3-MC), a GTf inducer, or phenobarbital (PB), a GTZ inducer,

increased UDPGT activity towards Zt NA and HP was observed.

UDPGT induction by PB increased urinary excretion of

conjugated q-zearaIenol. These resul-ts indicate that UDPGT

isoenzymes have overlapping substrate specificities, and

that Z detoxification may be enhanced by UDPGT enzyme

induction resuJ-ting in

con jugated o-zearal-enol- .

increased urinary excretion of

-l-I-
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CHAPTER T

ÏNTRODUCTTON

Contamination of food and feedstuffs by the secondary

metabolites produced by mords is a common probJ-em (wilson,

L982). several- species of Fusarium molds produce one such

metaboJ-ite, zearalenone. The temperate canadian climate is
very favorabre for zearalenone production (Harwig and Munro,

r975).

Zearalenone is a mycotoxin that naturally occurs in the

food chain. rt acts as a non-steroidal estrogen like
substance having anabolic properties when administered to
farm animals in small amounts. However, at high

concentrations that can occur in the food and feedstuffs,
its effects are toxic (Hidy et â1., 1977), zeararenone has

been implicated in numerous incidences of hyperestrogenÍsm;

proJ-onged estrus, anestrus, changes in libÍdo, infertirity,
increased incidence of psuedopregnancy, increased udder or
manmary gland development and abnormar l_actation.
'vulvovaginitis' occurs in the prepubertar girts (Mirocha et
â1., r97r), the most sensitive species tested. Karrera and

Ettal-a (1984 ) have Linked zearal-enone contamj_nated hay with



early abortions in the cor¡¡. Rats appear to be moderately

sensitive to the toxic effects of zearaLenone (Kumagai and

Shimizu I I9B2).

ZearaÌenone is metabolized by two different reactions, a

reduction to an alcohol and a conjugation with glucuronic

acid (Kiessling and Petterson, 1978). While conjugation

deactivates zearalenone, its reduction increases its potency

producing q-zearalenol. Both reduction and conjugation of

zearalenone increase its solubJ-ity which may promote it.s

excretion in the urine.

Conjugation of zearalenone is catalyzed by the enz]¡me

UDP-glucuronyltransferase (UDPGT) which consists of a family

of related isoenzymes (Bock et al., 1982). However, the

specific isoenzyme responsible for zearalenone conjugation

has not been documented (Olsen et al ., l-987).

The objectives of this study r¡rere:

(a) To identify the UDPGT enzyme form responsible for
zearalenone conjugation ;

(b) To increase the UDPGT enzyme activity by induction
of enzl¡me synthesis; and

(c) To observe the effect of inductÍon on the amount of
conjugated zearalenone and/or metabolites excreted in the

urine.



C}IAPTER TT

LÏTER.ê.TURE REVIEW

2. T NUTRITIONAI, TOXICOTOGY

Nutritional toxicology is an area of research concerned

with toxicants in the diet and their interrelations with
nutrition. rt is a branch of both toxicorogy and nutrition
concerned with the diet as a source of toxicants, the

effects of toxicants on nutrients and nutritional processes,

the effects of nutrients and nut.ritional metabolism on

toxicants, and the scientific basis for regulatory decisions

affecting toxicological safety of dietary components

( Hathcock, 1982 ) . Rel-ationships between nutrition and

toxicology fall into three major categories:

(a) the effect of nutritional status on the toxicity of
foreign compounds, drugs and environmental chemicals;

(b) the additional nutritional demands that resul-t from

exposure to drugs and environmental chemicals; and

(c) the presence of toxic substances in foods (parke and

Ioannides, 198i-).



Living beings are exposed to a wide variety of foreign
chemical-s including naturaJ- products, food additives, drugs,

insecticides, industrial chemicals and pollutants. AII
foreign compounds, which gain entrance to the body are

coÌl-ectively termed as xenobiotics. The processes involved

in the elimination of xenobiotics are relatéd to those

systems which are involved in the elimination of the waste

products from the organisms. The biogenic xenobiotÍcs

include food poisons such as cyanogens, goitrogens, fish and

sheIl fish poisons, agents causing ergotism and laÇhyrism

and carcinogenic compounds such as aflatoxins.
The maÍn goals of toxicology, and certainly nutritional

toxicology, are prevention of toxic action and treatment of

eventual intoxication. The hazard that a certain agent

presents to man depends on its toxicity (the dose required

to produce toxic action) as well- as environmental- factors
such as its distribution, the probabJ-ity of contact, the

circumstances under which the contact takes ptace and the

physiochemical- properties of the agent (Ariens and Simonis,

1982) .

The mechanism of toxic actions can be grouped into three

categories:

(a) toxic action based on a reversible interaction
between the toxicant and the molecular action sites;



(b) toxic effects based on an írreversible, covalent

interaction between the toxicant and its target molecules;

and

(c) toxicity based on physical sequestration due to

accumulation of highly Iipid-soluble, metabolically stable
compounds in J.ipid-rich tissues (Hathcock, 1982).

The generation of biological effects of xenobiotic

occurs in three distinct phases:

(a) the exposure phase including the physical breakdown

of dosage form and solublization of active substance;

(b) the toxicokinetic phase comprised of the

absorption, distribution, metabolism and excretion of the

xenobiotic; and

(c) the toxicodynamic phase which covers the j-nteraction

of the toxicant with its morecular sites of action and the

sequence of biochemicar and biophysical events thus induced

and finally J-eading to the toxic effect observed (Hathcock,

1982) .

U BÀ,R.àLENONE

.1 General Characteristics

Molds thrive on organic materials and produce a wide

variety of metaboric byproducts. some of these products man

has found a use for, such as enzymes, food flavorings,

2.2
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solvents and antibodies. However, mold growth on feeds and

food stuffs may produce substances that. are toxic to animals

or humans. These substances are referred to as mycotoxins

(Wilson, 1982).

Zearalenone vras first isol-ated from the cultures of

Gibberella zeae (Fusarium roseum) by Stob et aI.; (1962) and

was identified as a compound effective in improving

growth-rate and feed efficiency in sheep. It is a mycotoxin

that naturalì-y occurs in the food chain. It is produced by

several species of Fusarium mol-ds endemic to the temperate

Canadian climate. Zearalenone belongs to a rare cl-ass of

naLura.l- products, the B-resorcylic acid lactones and is
chemically known as 6( 10-hydroxy-6-oxo-trans-l--undecenyl)-

B-resorcylic acid lactone.

Zearalenone is a non-steroidal compound whose major

bioJ-ogical effects are estrogen-1ike. It acts as a weak

estrogen having anabol-ic properties when administered to

livestock and mice. However, at high concentrations that can

occur naturalJ-y in foods and feedstuffs, its effects are

toxic (Hiddy et âI. , L977 ) . The cl-inical ef fects of

subacute zearalenone mycotoxicosis incl-ude decreased feed

intake, reduced growth and decreased reproduction (Mirocha

et â1., L980). Zearalenone causes an estrus syndrome called
vulvovaginitis involving inflammation of the vulva and the

posterior part of the vagina, when fed to the swine (Mirocha

et â]., 1971). It caused retarded growth and reduced carcass



weight in both mal-e and female rats (Kiessling, L9B2).

Kal-l-ela and Ettala (1984) have linked earJ-y abortions in

cows in Finland to the hay feed contaminated with

zearalenone. Shoental (1983) suggested Lhat zearalenone may

be a factor in human precocious sexual development in Puerto

Rico. Limited dietary exposure of female swine to

zearalenone can result in embryonic loss and disruption of

normal reproductive cycling for an extended length of time

(Long et aI. , 1983 ) .

Zearalenone and its metabol-ites can accumu.l-ate in the

adipose tissue, liver, uterus and other organs of rats (Ueno

et âI. , 1977 ) .

2.2.2 Biological Activities

Zearalenone and its metabol-ites, despite their phenolic

chemica.l- structure, possess a chemical similarity to

estradiol. Estradiol and these mycotoxins have similar

chemical soLubility and close spatial similarities (Hurd,

I977; Lindsây, 1985 ) . Alpha-zearal-enol- and estradiol are

both 10-11.A,0 in length and are of similar lipophilicity.

Similarly, the substance Mentzer's coumarin has a chemical

structure and anabolic activity homologous to that of

q-zearaIanoI, the commericial anabolic zearal-enone

derivative (Hurd, t977r. These molecules are approximately

the same length, differing by only 1-240, and both compounds



possess similar oxygen containing functional groups at the

end of their ring systems. The distance between the pair of
oxygen functions for both the substances is about 11Ao.

Thus, the estrogenicity of zearalenone and other compounds

may be a result of the placement of atoms rel_ative to one

another within the molecul-e, in a manner similarto estrogen

(Hurd, L977 ) .

Zearalenone and its metabolites are capable of binding
to and interacting with the estrogen receptors (Lindsay,

1985). The ability of these compounds to bind to the uterine
cytosolic estrogen receptors is a measure of their relative
potencies. Alpha-zearalenol is the most potent stimulator
of uterine growth, foì-1owed by zearalenone and p-zearalenol

(ueno and Tashiro, l-980). This can be correlated with the

greater binding affinity of q-zearal-enol towards the

estrogen receptors (Picken et aI., 1989).

The interspecies differences observed in the sensitivity
'to zeararenone have been expJ-ained by the differences in the

relative binding affinities of this compound for the

estrogen receptors in the pig, rat and the chicken (picken

et al. , 1989). Pigs are most sensitive to zearalenone

because their estrogen receptors have the greatest affinity
for these mycotoxins. Even a single exposure to the toxin
at concentrations as low as 5 mg kg-lnody weight has been

found to produce visibre signs of toxicosis (Farnworth and

Trenholm, 1-981). Rats are moderately sensitive to effects



of zearalenone, while poultry are relatively refractory.

Administration of a 1 mg dose of zearalenone to neonatal

rats caused anovul-atory estrus (Kumagai and Shimizu, 1982).

Dietary zearalenone, as high as 800 mg kg-lboay weight, fed

to chicken and turkeys had no effect on body weight gain,

feed consumption and organ weight (AÌIen et â1., i.981).

2.2.3 Metabolism

Kiessling and Petterson ( 1978 ) , demonstrated that

zearalenone was metabolj-zed along two principal pathways, a

reduction to produce zearalenol and/or a conjugation with

glucuronic acid-. The metabolism of zearalenone is a classic

exampJ-e of Phase I and Phase II reactions. In the Phase I

reaction, the enzyme 3o-hydroxysteroid dehydrogenase

( E.C. L. 1. l-.50 ) catalyzes the reduction of zearalenone to

either o- or B-zearalenol. Picken et af. , ( 1989 )

demonstrated that the relative binding affinity of

o-zearalenol \^¡as ten fold greater than zearalenone, which

suggests that it was more toxic than zearalenone, and that

this reduction is an activation reaction. Zearalenone can

also be reduced to ß-zearalenol. Picken et â1. , ( 1989 )

suggested that this was a deactivation reaction, since the

rel-ative binding affinity of p-zearalenol for estrogen
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receptors was ten fold less than the parent compound. Thus

the Phase I reaction of reduction can lead to either

biological activation or deactivation.

fn the Phase II reaction, conjugation with glucuronic

acid takes place and the reaction is catalyzed by the enzyme

UDP glucuronyl transferase. It was demonstrat.ed that the

addition of UDP-glucuronic acid increased the amount of

conjugated zearalenone in a preparation of rat liver

homogenate and zearalenone. This conjugation was prevented

when B-glucuronidaser âD enz]¡me responsibLe for the

breakdown of conjugates, was added in the incubation medium.

This proved that the enzyme UDP glucuronyl transferase

(UDPGT; 8.C.2.4.L.17 ) was responsible for the conjugation of

zearalenone (Kiessling and Petterson, L978).

Conjugation deact.ivates zearalenone. Here it can be

noted that zearalenols can also be conjugated to some extent

(Kiessling and Petterssont L97B). Recent studies by Kiristy

et aI., (1987), and Fitzpatrick et âI., (1988a) suggest that

nutritional regimen effects zearalenone metabolism,

excretion and toxicity. That is by increasing the total
amount of zearalenone and its metabol-ites excreted as

glucuronide conjugates in the urine, the toxic expression of

zearalenone would be ameliorated.

Quantitatively the reduction of zearalenone has been

thought to be a less important metabolic route when compared

1_ l_



to conjugation. In an in vitro study with rat l-iver

homogenate, the amount of conjugated zearalenone and its

metabolites was observed to be two to five times more than

the reduced zearal-enone (Kiessling and Petterson, 1978).

However, Fitzpatrick et aI., (1988a) reported the activities

of 3o-hydroxysteroid dehydrogenase and UDPGT to be 150 and

50 nanomoles hour-t*n-lprotein. This observation suggests

that the reduction pathway is the more important metabolic

route.

OIsen et aI. , (l-985) have demonstrated in pígs that

zearalenone and its metabo.l-ites are present in the plasma

and are excreted in the urine mainly in a bound form as

glucuronide conjugates. In the plasma, the concentrations of
q-zearal-enol were three to four times higher than that of

the parent compound when dietary zearalenone h¡as

administered to prepubertal giJ-t. Given the biopotency of

o-zearalenol, and the conflicting evidence on the importance

of the two metabolic routes, the question of metabolic

excretion rates warrants additional investigation

2.2.4 Enterohepatic circulation

Once zearalenone enters the liver it may be reduced to

o-zearal-enoL or con jugated with UDP-gJ-ucuronÍc acid.

Zearalenone and its metabolites can move out of the hepatic

veins into the general- circulation and exert their effects

L2
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on the target tissues. Conjugation of zearalenone or its

metabolites by the addition of glucuronic acid, deacLivates

the compound. From the liver the deactivated metabolites

can either be direct.ed to kidney via hepatic veins and

excreted in the urine or they can be transported to the

intestine via the bile duct. Conjugated metabolites may be

broken down to free zearalenone or zearalenol by the enzyme

B-glucuronidase produced by the intestinal microflora. Free

zearalenone/metabolites can be excreted in the feces or

reabsorbed and transported to the liver via portal

circul-ation. This cycle, from liver t.o intestine via bile

duct and back to liver via portal vein, is called

enterohepatic recycì-ing. Enterohepatic recycling increases

the biological half life of zearalenone. Conjugation and

urinary excretion Iimit enterohepatic circulation of

zeara-Ienone, reduce its bioJ-ogical half life, and may act to

Iimit the toxic expression of zearalenone (Kiritsy et âI.,

1987, Fitzpatrick et â1., 1988a).

2.2.5 Excretion of zearalenone

Zearalenone and its metabolites are excreted in urine

and feces, mainly in the free form with conjugates being

observed only in the urine (Kiritsy et â1. . 1987 and Smith,

L982). Conflicting reports concerning the route of

zearalenone excretion and the major metabolites formed have

t4



been published (Ueno , I977 i Smith, L980; Smith, L982¡

Kiritsy et aI., 1987; Fitzpatrick et aI., 1988a). Table 2.1,

summarizes studies on the zearalenone excretory patterns

reported in the rat.

Fitzpatrick and coworkers ( 1988a) observed significant
quantities of zearalenone and its metabolites, 25-5LZ of the

oral dose, \^rere excreted in the urine. This was in agreement

with previous studies from their laboratory (Kiritsy et al.,
I9B7 ) , but were in contrast to the latest findings of Smith

( 1982 ) . Fitzpatrick and coworkers suggested that this
apparent discrepancy was due to differences in the dose

fevel- and recoveries, and that the use of pharmacological

doses in toxicity experiments could result in erroneous

conclusions. They concluded that the overdosing of animals

results in 'metabolic overload' with the abitity of the body

to detoxify the chemical exceeded. The rate and/or route of

excretion may be significantly altered. For example, Smith

( 1982 ) dosed his animals with 10mg zearalenone per 1009 body

weight and recovered 3t of the total dose in the urine and

222 in the feces for a total recovery of 254 of the oral
dose. Fitzpatrick et al . , ( 1988a ) dosed rats with lmg

zearalenone per kg body weight and recovered 64* of the oral
dose , 268 in the urine and 3Bg in the feces.

I{owever, dose level alone may not account for the

reported discrepancies. Smith (1980) dosed rats with 1Omg

15



Table 2.I Studies on zearalenone excretion in the rats.

Author Dose.,
(mg Kg -bw)

Total Recovery
(8 Adm. dose)

Urinary Fecal Total

Fitzpatrick 1
et af. ,19BBa

Kiritsy
et al. , L9B7

Smith
7982

Smi.th
1980

1

100

100

26 38 64

33 32 65

32225

31 62 93

16



per 100g body weight of t3Hl-zearalenone and recovered 31å

of the radioactivity in the urine and 62% in the feces.

Recently, Ei-tzpatrick et aI. , (1988b) reported that dose

leve1 had little effect on zearalenone metabolism, and

suggested that the discrepancies in the literature may be

due to differences in recoveries.

Zearalenone and its metabolites are sparingly soluble in

water, which is not conducive to their urinary excretion

( rlidy et â1 . , I977 \ . Conjugation of zearalenone with

glucuronic acid increases its molecular weight and also

increases its solublity in aqueous medium (Caldwell, 1982).

The mol-ecular weight threshol-d of urinary excretion of water

soluble material is 325 + 50. Below this threshoÌd compounds

are excreted in the urine,

weights above this threshold are excreted in the bile.

Zearalenone, with a molecular weight of 318, is near the

threshol-d and can be excreted in either the urine or the

bile. Conjugation increases the molecular weight and this

may cause an increase in the biliary excretion. However, the

water solubility is increased as well, which may result in

an increased urinary excretion.

while materials with molecul-ar

I1



2.3

2.3

GLUCURONIDÃ,TTON IN DETOXTFTCÀTION

. L lntroduction

I4any foreign compounds entering the body undergo

metabolic Lransformations. These transformations may play an

imporLant role in any therapeutic action or toxicity such

compounds exert. The metabolism of xenobiotics is a biphasic

process. Initially the compound undergoes Phase I I or

functionalization reaction of oxidation, reduction or

hydrolysis, in which a polar group such as -OH, -NH2 or

-COOH is attached to the mol-ecu1e. Phase f reactions may

lead to detoxification, but can also produce toxic

intermediates extremely damaging to the organism. The

products of Phase I reactions are substrates for Phase If,

where functional group from Phase I facilitate conjugatÍon.

Phase II reactions are biosynthet.ic in nature. The

xenobiotic is linked with an endogenous moiety to give a

characteristic product known as 'conjugate' (Williams,

1959). In certain cases, the xenobiotic possess a functional

group suitable for Phase II metabolism and will directly

undergo con jugation reactions (Wi1ì-iams,

reactions proceeds as follows:

1967 ) . rhe
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Compounds

reaction

The Phase fI reactions díffer from

( a ) the nature of the enzymes

phases;

(b) Phase II reactions are all

involving expenditure of energy; and

(c ) the products of Phase I

partially lipid soluble and may posses

while the products of Phase II are

inactive.

Conjugation

> Phase f -------------> Phase II

metabol-ite metabolite

reaction

(CaIdweII, 1985 )

Phase I reactions in:

involved in the tr^to

synthetic reactions

reactions are still

biological activity,

usually biologically

Functional ization

The decreased activity of the products of Phase II can

be attributed to increased water solublity allowing its

rapid removal from the body and a masking of biologically

active groups by superimposition of, or stereochemical

hindrance by the conjugating mol-ecule (Dutton, I9B0).

The Phase II reactions require energy and an endogenous

For example, for glucuronidation, the organismmolecule
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must supply ATP,

and a source of

follows:

a source of uridine to be phosphorylated

carbohydrate. The reactions proceed as

ATP + UDP

ATP + Glucose

or ATP + Glucose

UTP + Glucose-1-P

UDP-Gl-ucose + NAD+

UDP-glucuronic acid + ROH ---- > R.O.glucuronide + UDP

(Dutton, l-980)

The major conjugation reactions of xenobiotic metabolism

are glucuronidation, suJ.phation, methylation, acetylation,

cyanide detoxification and glutathione conjugation.

Glucuronidation is the most wide spread form of conjugation

in all vertabrate species and accounts for most of the

conjugated detoxicatory material in bil-e and urine (Smith

and Williams, 1966). There are two main reasons that explain

the widespread utilization of glucuronidation in
vertebrates. Glucuronic acid is widely available substrate,

in that it is derived fairly directly from the universal

vertebrate fueI, glucose. Glucuronic acid can be conjugated

with a remarkably wide range of molecular groupings (Dutton,

1980).
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Glucuronidation causes an increase in polarity of the

resultant metabolite, which makes it more solubl-e in bile or

urine. Once in blood or bile, they will remain in the

aqueous environment and will not readily pass through the

Iipid membranes, into the cells. From blood they will be

filtered by kidney and pass down the tubules without

reabsorption by the tubule cells to appear almost

quantitatively in the urine (Dutton, L980). The bilirubin

glucuronidation is a cofirmon example of con jugation.

Bilirubin is toxic to an infant mamma.I. It is conjugated

with the polar molecule glucuronic acid and is rendered

water solubl-e, thus it is

(Dutton, I980).

available for biliary excretion

2.3.2 Excretion of glucuronides

The majority of the drugs and other foreign compounds

are ultimately cleared from the body by their excretion in
the urine and bil-e, usually in the form of polar conjugates

such as glucuronides. The glucuronide excretion may occur in
one of the three ways either in the urine only or in the

bil-e only or in both urine and bile (Dutton, L966).

fn the rat glucuronides of relativeJ-y low molecular

weight such as benzoyl glucuronide and p-aminophenol

glucuronide are excreted almost exclusively in urine. By

contrast, certain glucuronides,

2I
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rel-atively high molecular weight are excreted almost

entirely in the bite. For example the bilirubin glucuronide

is excreted in the bile. The N-glucuronide of

sulfadimethoxine is excreted to about equal amounts in both

the urine and the bile. In some cases one of the two routes

may predominate as in the case of the eicretion of

alpha-tetralyl and vanilloyl glucuronides. These two

conjugates are excreted in both the urine and bile of rats

but elimination in the urine is the major route of excretion

(Dutton , 19 66 ) .

2.3.3 Inf l-uence of diet on glucuronidation

Dietary restriction affects UDPGT and glucuronidation.

Caloric restriction may reduce the availablity of

UDP-glucuronic acid, while protein restriction changes the

membrane composition and hence the activity of UDPGT enzyme

(Grahm et aI., I974). Marselos and Laitinen (I974) observed

that stimulation of transferase activity by phenobarbital

pretreatment b¡as greater in starved animals, starved for

three days. Kiritsy et â1. , ( 1987 ) reported that feed

restriction resul-ted in a doubling of both the UDPGT enzyme

activity, and the amount of conjugated urinary metabolites.
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2.4

2.&

THE ENZYME UDPGT

.1 General- Reaction

The enzyme uridine diphosphate glucuronyl transferase

( UDPGr) ( EC 2 .4 . r.L7 ) , catalyzes the translocation of
glucuronic acid from UDP-o-D glucuronic acid to an

appropriate acceptor, to form the p-D-glucuronide.

rnversion occurs at the anomeric carbon atom of glucuronic

acid to form the B-D-glucuroníde. The R-group that attaches

to the glucuronic acid, is hydrophobic in nature, and is
either aliphatic or aromatic. rntroduction to the glucuronyÌ

residue increases the polarity of the molecule and also

contributes a carboxyl group, which exists primarily in the

unprotonated form at pH of the most physiological ftuids.
This al-rows sal-t formation and faciritates excretion in
eiLher bile or urine (Kasper and Henton, 1980).

2.4.2 Location

UDPGT has been observed in aII mammals, birds and

reptiles, although the spectrum of acceptor specificities
for various species differ widery (Dutton, 1980). rn mammals

liver exhibits the greatest total amount of UDPGT enzyme

activity as werl as the highest specific activity. other

tissues that are active in glucuronÍdation are kidney,
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gastro-intestinal- tract and skin. These tissues share the

inrpact from the animar's environment (Duttont 1966i Kasper

and Henton, 1980). At the cerlular lever, UDpGT was first
observed in the cytoprasmic granuì-es of river homogenates

(Dutton and Storey, 1954). Subsequent studíes have shown

that UDPGT exists as a lipid-protein complex, firmly
int.egrated into the phosphoripid bilayer of the endoprasmic

reticul-um (Kasper and Henton, 1980). Gram et al., (1969)

ol¡served the non-unÍform distrÍbutÍon of transferase
activities in tìre microsomal subfractions. Most of the
activity towards simpÌe phenols was in the rough microsomes.

Activities towards phenolphthal-ein, bilirubin and steroids
have been reported in smooth microsomal fractions (frlishart
et al. , 1978 ) . The UDPGT enzyme activities have been

reported in liver, kidney, smalt intestinal mucosa, J_ung,

skin, tests and spleen (Bock et al., j_980).

2.4 .3 Induction

rt is generarly accepted that toxicities from many

compounds including certain drugs, pesticides, hepatoxins

and chemical carcinogens can be altered by induction or
inhibition of certain hepatic microsomal enz]¡mes (Hodgson

and Guthrie, 1980). rt has been suggested that induction is
enhanced enzyme activity after administration of various

It is an adaptation to the xenobiotic whichagents
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increases the total- cellular content of a certain protein
(Bock et ar., 1,979; Astrom et âr., Lg8z). T¡ùhire there is
constant protein turnover in a cel_l there can be íncreased
synthesis based upon specific structures. rnduction is,
therefore, a sl-ow process.

The protein which acts to increase the observed l-evel of
enz]¡me activity may be the enzyme itseff or another protein,
which controls expression of the enzyme activity. The

protein can exert its contror in the following ways:

(a) by slowing the enzyme breakdown;

(b) by facil-itating the access of one or more substrates
of the enz)¡me;

(c) by releasing an activator; or
(d) by removing an inhibitor.

Thus induction refrects a change in concentration of an

enzyme protein or of environmental proteins determinl_ng its
activity (Dutton and BurcheIl I j,975).

Two inducers for the enz]¡me UDPGT have been reported as

3-methyJ-chl-oranthrene and phenobarbitat (rnduction studies,
2.5.2) .

2.4.4 Activity

rn freshly prepared homogenates, the activity of enzyme

UDPGT is l-atent. Activation of f resh enz]¡me occurs on

storage (Burchell- et âl ., LgTs). This enz]¡me is act.ivated by
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membrane pertubations such as mechanical- disruption, aging,

freezirg, thawing or exposure to detergents, chaotropes,

organic solvents, alkali, certain ions, proteases or
phospholipases (Dutton 1980) . Berry et âI. , (L975 ) have

proposed that mechanical procedures rike sonication,
bi-ending and grinding with glass, activated the enzyme by

simpJ-y rupturing the vesicles and improving substrate
accessibility.

2 .4.5 Def inition of Activati-on

Activation is different from induction in that it is an

increase in the enzyme activity, under conditions precluding
protein synthesis. rt directly reflects change in the

act.ivity of preformed protej-n molecures whose catarytic
potency as UDPGT is partialry or wholry unexpressed (Dutton

and Burchel-I, I97 4) .

tlere activation has been explained as ;

(a) removal_ of the barriers that restrict
the reactants into the catalytic site which

the hydrophobic membrane; and

(b) Conformational change in the enz]¡me

makes it easier for the substrate to bind to
site (Dutton, L980).

the access of

is embedded in

protein which

the catal-ytic

2.4.6 Storage
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At OoC, liver homogenates lose UDPGT activity after one

hour (Duttont 1966). rn contrast, activity to p-nitrophenol

in rat ]iver microsomes, increased eight fol-ds, when stored

for eight days at Ooc. storage of an activated transferase
resulted in a progressive decline in enzyme activity (Lucier
et af. , L97L). Activation on storage could result from

endogeneous bile salt, liberation of peroxides, rysorecithin
and free fatty acids and/or disruption of the membranes by

proteases or phospholipases. rt is markedly temperature

dependent (BurchelÌ et âI. , 1975) .

2.4.7 Breakdown of Glucuroni-des

Tlre enzyme p-glucuronidase (EC 3.2.]-2L) catalyzes the

hydrorysis of t.he biosynthetic B-glucuronides to yield their
various agJ-ycones and free grucuronic acid. under arr normal

circumstances, þ-grucuronidase liberates the aglycone and

grucuronic acid in equivalent amounts and the equiribrium
point lies far in the favor of hydrolysis (vtakabayashi and

Fishman, 1961). Beta-glucuronidase activity is often
inversry proportional to the glucuronyl transferase activity
in tissues, physiorogicar states and drug treatment (Murder,

I97I; Lucier and McDaniel , 1972). The enzyme is used for the

identification of conjugate as a B-glucuronide of the

substrate (Dutton et aI., 19IL).
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Gl-ucaro( 1-4 ) ractone is a powerful inhibitor of

B-glucuronidase activity in river and kidney and is emproyed

to establish the presence of B-gì-ucuronidase in impure

preparations. The l-actone is considered as a potential drug

in diseases in which it is suspected that there may be a

disorder of glucuronic acid metaborism (Dutton, 1980).

CIÀSSIFICå.TION OF UDPGT

I Introduction

Recently, researchers have recognized that
by a family of related

Chowdhury et êf. , 1985 ) .

2.5

2.5

grJ-ucuronidation is catalyzed

isoenzymes ( Bock et al. , 1983;

They suggest that :

(a) the UDPGT isoenzymes have similar mol-ecular weight

and are usually separable on the basis of charge, but their
primary protein structures are very different from each

other.

(b) there is overlapping substrate specificity with in
the family of the isoenzymes.

(c) the halflife of the isoenzymes is similar,
approximately twenty four hours.

(d) the enzyme activity is regulated

synthesis of the enz]¡me.

by increased
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Cl_assification of the various isoenzymes of UDpGT has
been based on the fol_lowing criteria :

(a) response to different inducers;
(b) rates of development;

(c) dif ferent rates of enz]¡me reaction as

-td v*-*; and

(d) physícal separation.

indicated by

2.5.2 Induction Studies

Bock et â1. , (1973) suggested that several_ forms of
UDPGT exist in rat liver microsomes. They demonstrated that
phenobarbiral- ( pB 

) increased the glucuronidation of.
bilirubin and chloramphenicol whereas 3-methylcholanthrene
(3-¡rC) stirnuJ-ated the glucuronidation of phenolic substrates
such as p-nitrophenol and l-naphthol. SimiLar observations
on the heterogeneity of the enz]¡me !üere made by Wishart
(1978b) with a wider variety of substrares.

Bock et âf., (1980) i'troduced a nomencr.ature for the
two purified enzyme forms of uDpGT that are differentiaJ-ry
induci-bre by 3-MC and pB and named them GTt and GT,
respectively. The GTt activity Ì^ras detectabr_e in J_iver,
kidney, smalr intestinar mucosa, rung, skin, testes, and
spleen, whereas the GT2 activity was onty present in r_iver
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TABLE 2.2 Classification of UDP-glucuronyl transferase
activities based on Induction studies.

GTt GTz References

SUBSTRÀTES p-nitrophenol bilirubin Bock et al. ,
1-naphthol chloramphenicol ( 1973 )INDUCERS 3_MC PB

SUBSTRATES L-naphthol bilirubin Wíshart
p-nitrophenol chloramphenícol ( 1978b)
4-methylumbe- morphine

Iliferone testosterone
5-OHtryptamine phenolphthalein
2 -aminobenzoate estradiol

INDUCERS 3-MC PB

SUBSTRÀTES l-naphthol 4-OHbiphenyl Bock et af. ,
N-OH 2-naphth- chloramphenicol ( 1980 )

-yJ- amine morphine
3-OHbenzo(a)-

TNDUCERS 3-tõP"t"t" PB

SUBSTRATES 1-naphthol 4-OHbiphenyl Lilienblum et
4-methylumbe- morphine aÌ. , ( 1982 )

-lliferone
INDUCERS B-naphthoflavone DDT

SUBSTRATES l-naphthol estrone Rachmel and
f urosemide f urosemide Hazel_ton

TNDUCERS 3-MC PB ( 1986 )
PCN

continued
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(Table 2.2 continued)

GTt GTz References

SUBSTRATES l-naphthol 4-OHbiphenyl Koster et aI. ,benzo(a)pyre- morphine (1986)
-ne quinol bilirubín

INDUCERS 3-MC PB

SUBSTRÀTES phenol 4-n-propylphenol Wishart and
4-met.hylphenol 4-s-butylphenol CampbeIl
4-ehtylphenol 4-t-butylphenol ( 1979 )INDUCERS 3-MC
dexamethasone

SUBSTRÀTES l-naphthol 4-OHbiphenyl Okul icz-
p-nitrophenol morphine Kozaryn
phenol chloramphenicol et aI. , ( 19Bl )INDUCERS 3-I{C PB
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and intestine. Similar to 3-MC, another inducer,

B-naphthoflavone selectively stimulated the glucuronidation

of GTt substrates. Dichlorodiphenyl trichloroethane (.DDT),

on the other hand, enhanced the glucuronidation of GTZ

substrates, similar to PB (Lilienblum et aI., L9B2).

Rachmel and Hazelton ( 1986 ) have attempted to

characteríze the UDPGT activity towards furosemide in rat
liver by inducing the enzyme activity with 3-MC, PB and

pregnenolone-16s-carbonitrile (PCN) . All inducers, increased

furosemide UDPGT activity. These experiments provided

evidence that several UDPGT forms are involved in the

glucuronidation of furosemide. However, in the same study,

the induction of glucuronidation of NA by 3-MC and that of
estrone by PB and PCN was al-so observed. That is, specific
inducers increased UDPGT activity towards specific
subst.rates . The study of Koster et â1. , ( 1986 ) , on the

distribution and induction of UDPGT activities in different
organs of the rat, supported the model of differentiat
induction. GTL activities for the substrates L-naphthol, and

benzo(a)pyrene-3,6 quinoÌ were induced by 3-MC in liver. The

enz]¡me activities toward morphine and HP b¡ere induced by pB

in the liver and the intestine. PB induced the UDPGT

activities towards bilirubin a1so. This was detected in the

hepatic, intestinal and renal microsomes.

Bock and Lil-ienbrum (1985) combined the measurement of
UDPGT activity towards aglycones beronging to different
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substrate groups vùith Immunoblot analysis using rabbit
anti-rat liver GT, antibodies. They observed an increase in
54 and 56 KDa polypeptides, the major 3-MC inducible UDPGT

f orms in rat liver which they correl-ated with a

biochemically measurable increase of glucuronidation

capacity or induction of UDPGT activity for the GT

substrates in hepatic, intestinal and renal microsomes

(Koster et af. , 1986 ) .

The molecul-ar models of UDPGT substrates studied by

Wishart ( 1978b) indicated that the group of substrates

affected by PB induction were longer and more butky than the

small- planar substrat.es induced by 3-MC (Wishart and

Campbell, I979). To pursue this observation further, these

workers investigated transferase activities towards a series

of 4-alkyJ--substituted phenols, ranging from simple planar

mol-ecules of phenoJ- to the more bulky 4-t-butylphenol . Two

groups of substrates were distinguished on the basis of

induction with 3-MC and dexamethasone. They observed that
even a difference of a single -CHZ moiety was sufficient to
change the acceptability of these substrates from one group

of transferase activity to another. Thus, the two groups of
transferase activities do not distinguish substrates on the

basis of their molecular weights or lipophilicity but due to
the differences in the specific molecul-ar configuration of

the substrates.
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Okulicz-Rozaryn et al., (198i-) have extended the idea of
'specific mol-ecular configurations' first proposed by

Wishart and Campbell ( 1979) . They observed, that the

thickness or the bulkiness of the molecules pJ-ay an

important role in the classification of substrates based on

induction of enzyme activity by 3-MC or PB. The molecules

more affected by 3-MC had their estimated thickness less

than 4 Ao, while for the PB-induced UDPGT group, molecular

thickness \^ras greater than 4 Ao.

Boutin et â1., (1984) demonstrated a correlation between

the conjugation velocity of the enzyme and the chemical

nature of the substrates. A strong conjugation activity was

observed towards p-nitrophenol, 4-methylumbelliferone,

1--naphthol, p-bromephenol and eugenol, all planar molecules.

The conjugating activities in the second group of substrates

\^rere 5-7 times weaker. This group of substrates included

4-hydroxybiphenyl, morphine and chl-oramphenicol, aII bulky

molecules. It can be noted here that the first group of
substrates correlates with the GT, group whil_e the second

group correl-ates with the GT,

âf ., L980).

group of substrates (Bock et

2 .5.3 fsolation and Purification Studies

Several research groups have
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heterogeneity of the UDPGT enz]¡me by physicalty separating

the various enzyme activities. Del Viltar et al. , ( 1975 )

using DEAE-cellulose chromatography, separated morphine and

p-nitrophenol- UDPGT isoenzymes from rat liver microsomes.

Three peaks of activity were el_uted, with one isoenzyme

displaying act.ivity with p-nitrophenol, another showed the

activity with morphine, and the third disprayed activity
with bot.h substrates. These resul-ts were conf irmed by Gorski

and Kasper (r977 ) who purified river microsomal UDPGT using

anion exchange chromatography and affinity chromatography

with UDP-hexanoramine sepharose 48. Three forms of the

enzymes were resolved by isoelectric focussing.

Bock et aI. , (L97 9 ) ,

affinity
usÍng DEAE cellulose

chromatography onchromatography and

UDP-hexanol-amine sepharose 48, separated and purified two

isoenzymes of UDPGT. After pretreatment wÍth the inducing

agents, it was obserrred that the isoenzyme induced by 3-MC

\^ras active towards l-naphthor, p-nitrophenol-, 3-hdroxyl-
benzo (a )pyrene and N-hydroxy-2-naphthylamine. !,IhiJ-e, the

PB-induced enzlzme form showed activity towards morphine

chJ-oramphenicol- and 4-hydroxybiphenyl .

Þlatern et ar., (1982) observed that hepatic microsomar

UDPGTs with activity toward chenodeoxycholic acid and

testosterone $rere homogeneous in sodium dodecyl sulfate gel
electrophoresis and polyacrylamide gradient gel

erectrophoresis. This indicated that chenodeoxychoric acid
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and testosterone were glucuronidated by a single form of the

enzyme. UDGPT activities towards estrone, bilirubin,
p-nitrophenol and morphine did not co-purify with the

activity toward chenodeoxycholic acid and t.estosterone,

suggesting that they were conjugated by a different
ISOenz)¡me.

FaJ-any and Tephly (1983 ) purified three UDPGT

isoenzymes using chromatofocussirg, col-umn isoelectric
focussing and UDP-hexanolamine sepharose 4B affinity
chromatography. In this study, two separate isoenzymes

capable of conjugating p-nitrophenol were detected. One of

these isoenzymes was not inducible by 3-MC and was al-so

active towards testosterone and 17-OH position of

B-estradiol. A third isoenzyme conjugated androsterone and

etiocholanole and was not induced by 3-MC treatment.

Falany et aI. ( 1986 ) further characterized these three

isoenzymes. The two steroid UDPGT isoenzymes were renamed

17p-hydroxysteroid and 3o-hydroxysteroid UDPGT to reflect
their specificity for important endogenous substrates. No

endogenous substrate could be identified for the third,
p-nitrophenoL specific (3-MC inducible), UDPGT isoenzyme.

The peptide maps generated by Ìinited proteolysis with
staphyrococcus aureus vg proteinase showed that the three

purified UDPGTs were separate and distinct proteins.

In a purification study (Chowdhury et âI., 1985), six
enzymically active peaks were eluted after chromatography of
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the microsomal fraction of raL livers at different pHs. The

peak r (pH 8.9 ) isoenzyme of uDpGT had no endogenous

substrate of its own. The peaks rr (pH 9.4) and rrr (pH

8. 0 ) isoenzymes had act.ivity for the 17-oH steroids,
testesterone and p-estradior. The peak rv (pH 7.9) isoenzyme

had activity for the 3-oH androgenic steroid, añdrosterone.
The peak vr was active towards the 3-oH steroid estrone and
p-estradiol-. Arso estradiol was grucuronidated in the l7-oH
position by the peak II isoenzyme and in the 3-OH position
by the peak vr isoenzyme. The peak v (ph 7.5) vüas specific
for biÌirubin glucuronidation.

Puig and Tephly ( 1986 ) used trisacryl DEAE and

chromat.ofocussing chromatographic procedures to purify
morphine specific UDPGT enzyme activity. The purified enz]¡me

reacted with rnorphine but not with 4-hydroxybiphenyl,
p-nitrophenol, testosterone, androsterone, estrone,
bilirubin, 4-aminobiphenyl or o-naphthylamine.

2.5.4 Developmental_ Studies

An investigation of the heterogeneity of uDpGT was

carried out by wishart (1978a), who determined the enzyme

activity in the rat l-iver during the perinatal period. The

enzyme activities towards the substrates, 2-aminophenol,

2 -aminobenzoate, p-nitrophenoJ_, 1--naphthol,

4-methylumbeli.iferone and 5-hydroxytryptamine increase to
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TABLE 2.3 Classification of UDP-glucuronyl transferase
activities based on developmental studies.

Late Feta1 group Neonatal group References

1-naphthol

4 -nitrophenol
4 -methylumbe I I i f erone

2-aminophenol

2-aminobenzoate

5-hydroxytryptamine

morphine

chloramphenicol

bilirubin
testosterone
p-estradioi-

phenolphthalein

Wishart

(1978a)

phenol

4 -methyJ-phenol

4-ethylphenol-

4 -n-propyJ-phenol

4-s-butylphenol

4-t-butylphenol

Wishart and

CampbelI

(1e7e )
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reach adult values between the days 16 to 20 of gestation.

Thus this group of substrates was named the late foetal
group. The activities towards bilirubin, testosterone,

B-estradiol, morphine, phenolphthal-ien and chloramphenicol

remain negligible at less than LOt of adult values, during

this late foetal period. The enzyme activity towards this
group of substrates, termed the neonatal group, approached

adult values by the second postnatal day. It was suggested

that. foetal glucocorticoids \^/ere responsible for triggerÍng
the increase in the hepatic UDPGT activities in the l-ate

foetal- group. They suggested that, the neonatal group of

activiites required an additional stimulus for their
appearance.

Wishart ( 1978b) demonstrated that the late foetal group

of substrates h¡ere conjugated by the UDPGT isoenzyme that
was inducible by 3-MC. And that the group of substrates with

their enzyme activities induced by PB correlated with the

neonatal- group of substrates in the developmental study.

Wishart and CampbelL (1979) distÍnguished two groups of

transferase activities towards a different set of

substrates, on the basis of their onset of development.

Activities towards phenol, 4-methylphenol and 4-ethylphenol

develop near-adult values before birth and are assigned to a

'l-ate-foetal' group of transferase activities . Activities
towards 4 -n-propylphenoJ- , 4 -s -butylphenol and

4-t-butylphenol are negligible
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deveJ-op to near-adult values in

days. These are assigned to
transferase activities. ft was

transferase activity is stimulated

whil-e the l-atter activity was not

two inducers.

the first four post natal

the neonatal group of

observed that the former

by 3-MC and dexamethasone

affected by either of the

2.5.5 KinetÍc Studies

Analysis of UDPGT affinity towards different agJ.ycones

and towards UDP-glucuronic acid has provided evídence of

different molecular forms of UDPGT, which have different
substrate specificities. In a study of kinetic properties of

UDPGTs in rat l-iver cells, Antoine et aÌ., (1984) observed

that glucuronidation of 4-nitrophenol \lras characterized by

hiqh V_ _ and high affinity for UDP-glucuronic acid, while- max

conjugation of morphine exhibited a low V*.* but the enzyme

had high affinities for both UDP-glucuronic acid and the

aglycone. The conjugation of borneol had a fo* V*.* as well
as a low affinity for UDP-glucuronic acÍd.

Antoine et â1., (1985) next studied the localization of

the UDPGT enzl¡me along with its kinetic properties. They

suggested that more than one UDPGT may exist in the

different membranes which have different catalytic
properties. The GT, form of UDPGT enzyme conjugated planar

mol-ecuLes and was preferentially located in the endoplasmic
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reticulum where it presented the maximum glucuronidation

capacity (high V*.* and high affinity for UDP-glucuronic

acid). The second GT form GI2t was involved in the

conjugation of the bulkiest moÌecu1es, it had a low V*.* and

was equally distributed in all the subcellular locations.

Thus, there have been two forms of UDPGT'isoenzymes,

that are clearly identified, characterized and their tissue

distribution reported, but there may be many more forms of

UDPGT. The isoenzyme GT, is specific for planar substrates

for example l-naphthol and 4-nitrophenol- and is
preferentially inducible by 3-methylcholanthrene. The

isoenzyme activity has been detected in the liver, kidney,

small intestinal mucosa, lung, skin, testes and spleen and

it increases to reach adul-t val-ues between the days 16 and

20 of gestation. The second isoenzyme GTZ is specific for
bulky substrates for example morphine and 4-hydroxybiphenyl

and is preferentially inducible by phenobarbital. This

isoenzyme activity has been detected in the l-iver and

intestine. It reaches adul-t values by the second postnatal

day.
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Chapt,er III

MATERTÀ],S AND METHODS

3.1 ÀNI$ALS

Femafe sprague-Dawrey rats (90-110g) were purchased from

the University of Manitoba central breeding facilíty.
Animal-s were housed separately in stainless steel- cages and

kept on a l-4-10 hour right-dark cycre. Animal-s were fed a

commercial- chow diet (Ralston Purina Co., St.Louis, USA) .

Animals \^rere randomry assigned to the various experimental

groups.

3.2 EXPERIMENTÀJ, PROTOCOL

3.2. I Substrate Stimul-ation Study

3.2.1.1 Animals

Each d.y, ten animals hrere humanely kil_Ied and their
Iiver homogenate prepared. The homogenate was poored

toget,her and its protein concentration determined using the

method described by Lowry (1951). This was assayed for

A1
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UDPGT, each assay being performed in dupticate. The uDpGT

activity \^/as expressed as nM acceptor substrate conjugated
per h per mg protein.

3.2.1.2 UDPGT Enzyme Assay : spectrophotometric Analysis
The method v¡as as described by Þ1uIder and van Doorn

(1975) (Appendix A). six sets of substrates were tested in
t.his assay, namely:

(1) 1-naphthot (GTr-specific substrate)
(2) 4-hydroxybiphenyl (cT2-specific subsrrate)

(3 ) Zearal_enone

(4 ) i.-naphthoÌ and zearalenone

(5) 4-hydroxybiphenyl_ and zearalenone

( 6 ) 1-naphthol and 4-hydroxybiphenyJ-.

3.2.1.3 UDPGT Enzyme Assay : HpLC Analysis

The assay \^¡as an adaptation (Appendix B ) of that
reported by Ï"Iurder and van Doorn ( 1975 ) . The sets of
substrates tested were the same as described in 3.2.r.2.

3.2.2 fnduction Study

3.2.2. L Animals

Ten animal-s were used for each group, contror or
experimental. The animals received intra-peritoneal_ doses of
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the inducers or the vehicles for three days. On the fifth
day, they were humanely kil-led, liver excised, and

immediately assayed for UDPGT.

3 "2.2.2 rnducers

The rats received an i.p. treatment with PB, 3-MC or the

appropriate control vehicle as fol-lows. PB: An initial dose

-1of 30 mg Kg'body weight in saline, was given on day I, and

-160 mg Kg 'body weight on day 2 and 3. The controls received

0.898 saline on al-l three days. The two compounds r4rere

administered to the rats in a total volume of 2 ml xg-lbody

weight. 3-MC: An i.p. dose of 30 rng xg-lbody weight in corn

oil was given and the controls received corn oil only. Both

of these compounds were administered in a total_ volume of 3

_1mI Kg -body weight.

3.2.2.3 Enzyme Assays

These were as described in sections 3.2.L,2 and 3.2,I.3.
The substrates tested in this assay were,

( 1 ) l-naphthol

(2) 4-hydroxybiphenyl

( 3 ) Zearalenone.

3.2.3 Metabolic Study

3.2.3. I Ànimals
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The number of animal-s used were twel_ve and eleven for
the control and the experimentar groups, respectively. After
receiving i.p. doses of phenobarbital or its vehicle,
sarine for three days, the animals were dosed with 5 mg

-1kg -body weight of zearalenone by stomach intubation on the
fifth day. AnimaÌs were transfered to polycarbonate
metaboric cages (Na1gene, Fisher scientific), urine was

col-lected every 24 hours for four days and was kept frozen
at -2ooc until analyzed. Zearalenone and its metabol-ites
were extracted and analyzed by HpLc (Fitzpatrick et ar.,
19BBb).

3.2.3.2 fnducer

Phenobarbital produced a simil-ar increase in uDpGT

activity as observed in the results from the induction study
(Table 4.3 and 4.4) as did diet induction (Fitzpatrick et
â1., 1988a). The other inducer used in the induction study,
3-nethylchol-anthrene is known to be a potent cytochrome pqso

inducer. Therefore phenobarbital was selected as an inducer
for this study.

The inducer was administered using the same protocol as

described in 3.2.2.2.

3.2.3.2 HPLC Methods
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The method used in this study was

Fitzpatrick et al., (1988b) (Appendix C).

as developed by

3.3 STATTSTIC.åT, ANÀLTSES

Data was analyzed using the statisticar Anarysis system

(SAS), I9BZ version. For the Substrate Stimulatj_on study,

means were calcul-ated o¡r the treatment groups and compared

using a paired t-test. For the rnduction and the Metabol-ic

studies, significant differences were estimated by student's
t-test (control versus experimental).

46



CTIå.PTER TV

RESULTS AND DISCUSSION

4.I SUBSTRÀTE STIMAT,A,TION STUDY

The enzyme UDPGT constitutes a family of related
rsoenzymes, and of a number of UDPGT isoenzymes

proposed, two have been unambiguosly characterized.

These two enz)¡me forms, GTI and GTZ glucuronidated

specific substrates (Bock et âI., 1980). NA has been

reported as being a specific GTt substrate, while Hpis

thought to be a GTZ substrate. The specific isoenzyme

responsible for zearalenone conjugating activity is not

yet ident.if ied. The ob jective of this study r,,/as to
identify the zearalenone conjugating isoenzyme of UDPGT.

The active siLe of an enzyme represents a small_ part
of the enzyme mol-ecule. At saturating substrate

concentratÍons the amount of enzyme and thereby the

availablity of active sites will be rate limiting.
Substrates compete for the active sites on the enzyme,

therefore when two or more substrates are present in an
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enz]¡me preparation, the rate of metabolic transformation
is reduced by substrate competition. This is known as

Competitive Inhibition.
rn the present work I zearalenone was considered the

substrate for the reaction, while NA and Hp, substrates
specific for the t.wo dif ferent GT forms hrere considered
as potentia] inhibitors. presence of a certain substrate
in the assay medium with zearalenone wilr inhibit the
enzyme activity towards zearalenone íf both zeararenone

and that substrate are conjugated by the same enzyme

form. on the other handr flo inhibition should occur Íf
the substrates are conjugated by different uDpGT

isoenzymes.

we have modified the indirect assay of Mulder and

van Doorn (1975) to examj-ne substrate competition. The

substrate stimulation study done by this assay was based

on the princÍple that :

( 1 ) If two substrates x and y are conjugated by

different UDPGT isoenzyme forms then, the sum of the
enzyme activities towards the substrates x and y wirl be

equar to the enzyme activity when the two substrates are
toget.her in the medium.

{x} + {y} - {x+y}
There is no competition for active sites on the

enzl¡me and therefore the enzyme activities are additive.
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(2) However, íf two substrates x and y are conjugated

by the same UDPGT isoenzyme form then the sum of the
enzyme activities towards the substrates x and y will be

more than the enz]¡me activity when the two substrates
are together in the medium.

{x} + {y } > {x+yi
There is competition for active sites because both

the substrates are conjugated by the same isoenzyme form

and the two enzyme activities are not additive.
rn the indirect assay, the enzyme acitivi-ties for

zearalenone, NA ancl Hp were 109, 2g2 and 10g nmol NAD+

f ormed h- lmg- lprotein respectiveJ-y. The observed

activity when both zearalenone and NA were present in
the reaction medium ,nras 263 nmor NAD+ formed

-1 _1h -mg *protein. This \^ras significantry different from

t.he theoretical sum of enzl¡me activities for these two

substrates ( 391 nmol NAD+ formed h-lmg-lprotein¡
(p<0.01 ) (Table 4.r ) . This indicares thar the uDpGT

enzyme activity towards zearalenone is affected by the
presence of NA, suggesting that the two substrates are
conjugated by the same isoenzyme form of UDPGT. fn the
direct analysis of individual substrates by HpLc,

conjugation of zearalenone was 2s1- and Lg1 nmol

gJ.ucuronide formed h-lmg-lprotein when alone and with
NA' respectivery, in the reaction medium (p<0.05) (Table

4.2).
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TABLE 4.L Substrate Stimulation Study. Effect of Z, NA,
HP and combinations of these acceptor substrates on UDP-
glucuronyl transferase enzyme activity.

UDP-ql-ucuronyl transferase activity
Substrate ( s )

z

NA

HP

Z and NA

Z and HP

NA and HP

Observed

109 + 20

282 + 41

108 + 16

263 + 43

99+24
272 + 76

Calculated+

391 I 6t*

2I7 1 36*

390 + 58*

Each va.Lue is expressed as nmol NAD+ formed per h per mg
protein and represents the mean + SD of 3 pooled assays.

+ Calcul-ated val-ues are the theoretical sum of UDPGT
enzyme activity towards the individual- acceptor
substrates.
* Significantly different from observed value (p.0.01 ) .

Zz zearalenonef
NA:1-naphthol,
HP : 4 -hydroxybiphenyl .
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TABLE 4.2 Substrate Stimulation
Z, NA, HP and combinations of
substrates by UDP-glucuronyl
directJ.y by HPLC analysis.

Study. Glucuronidation of
these acceptor substrates

transferase as determined

Substrate ( s )

z

NA

HP

Z and

Z and

HP and

Acceptor substrate ql-ucuronidation

¿J

25I +

NA HP

ND

244 1 37

183 + 25*1

+

HP

NA

NA

1_60

181

5*

15* ND

ND 21.7 + 42*

Each value is expressed
glucuronidation per h per mg
mean + SD of 2 pooled assays.

ND, reaction too rapid to
conditions.

as nmol of acceptor
protein and represents the

be determined under assay

* si.gnificantry different from glucuronidation rate whenpresent in the reaction medium as the onry acceptorsubstrate (p<0.05 ) .
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significant differences urere observed between the
theoretical sum of enzyme activities for zearalenone and
HP ( 109 + 108 = 2r7 nmor NAD+ formed h-1mg-lprotein) and

the enz)¡me activity when the two were in the medium (98
nmol NAD+ formed h-lmg-lprotein). (p < 0.05) (Tab1e

4.1 ) . The HPLC analysis of enzyme activity .towards

zearal-enone (25r nmoL glucuronide formed h-lmg-lprotein¡
\^¡as significantly more than the enzyme activity towards
zearalenone ( 160 nmol glucuronide formed h-1mg-lprotein¡
when HP was also present in the medium. (p <0.05). A1so,
the enzrrme activity towards Hp arone in the medium (244
nmoL glucuronide formed h-lmg-lprotein¡ was

significantJ-y more than the ehzyme activíty ( 1g3 nmol
glucuronide formed h-1*g-lprotein) when zearar_enone r^¡as

al-so present in the medium (p.0.05) (TabJ-e 4.2). These
resul-ts demonstrate that zearalenone and Hp inhibit each
others conjugation and suggest that they are conjugated
by the same isoenzyme form of UDPGT.

rn order to further test the cr-assification of uDpGT

isoenzymes, the substrates NA and Hp were incubated
together. These substrates have been reported to be
specific substrates for two different forms of uDpcr
isoenzymes (Bock et ar., 19g0). The resurts from the
indirect assay demonstrated that the theoretical sum of
enzl¡me activities with NA and Hp (2gZ + 10g = 390 nmol_

NAD+ formed h-lrng-lprotein) was significantry more
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when both substrates \^¡ere simul_t.aneously present in the
medium (272 nmol NAD+ formed h-1mg-lprotein) (p<0.01).

on HPLC analysÍs, the enzyme activity towards the
substrate Hp (244 nmol- glucuronide formed h-1*g-1
protein) was significantly more than the enzyme activity
towards HP (2r7 nmol glucuronide formed h-l*g-lprotein¡
when NA was also present in the medium (p<0.05). These

resurts indicate that there is competition for active
sites on the enzyme between the two substrates allegedly
conjugated by two different isoenzymes.

Thus this study does not support the reports that
NA and HP are conjugated by two distinctty different
isoenzymes of uDpGT, rather a smal-t amount of substrate
overlapping is indicated.

olsen et ar. , (1987 ) have found no correr-ation
between the rates of grucuronide conjugation of
zearalenone and NA in the sow intestinal mucosa and have

therefore suggested that the two substrates may depend

upon two different isoenzymes of uDpGT. There is no

other evidence of the characterization of uDpGT enzyme

form responsible for zeararenone conjugation in the
literature.
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4.2 INDUCTTON STUDY

Glucuronidation reactions have been reported to be

differentially inducibte by two protypes of inducing
agents, 3-Methylcholanthrene (3-MC) and phenobarbitat

(PB). Again, NA, reported as a typical GTt substrate is
preferential-ly induced by 3-Mc ad.mínistration, whiJ_e Hp,

which is thought to be a GTZ substrate, is
preferential-Iy induced by pB (Bock et aI., 1990).

rn the induction study, 3-MC administration resurted
in a significant increase in the UDpGT enzyme activity
towards al-1 three substrates. The enz]¡me activity
towards NA increased by 2902 from 302 to 1181 nmor of
NAD+ formed n-lmg-lprotein in the 3-MC induced animafs

(p<0.05) (TabJ-e 4.3). The conjugation of zearal-enone h'as

increased by 53t from 118 to 1gr nmor of NAD+ formed
-1 -tl'r -mg 'protein in the 3-MC induced animals (p<0.05 )

(Tabre 4 - 3) . There was an increase in the enz]¡rne

activity towards HP, by 43t from LL7 to L67 nmol NAD+

f ormed h-1mg-lprotein in the induced animal-s (p.0.05 ) .

This suggests that while 3-MC preferentÍarry induced NA

glucuronidation, UDPGT activity towards zeararenone and

HP are enhanced as well_.

zeararenone conjugating activity, measured by HpLc

anarysis, r^ras increased 1008, from zrr to 423 nmol_
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Tabre 4.3 Enzyme induction. Effect of phenobarbital or 3-methyrchtoranthrene pretreatment on uDp-grucuronyJ_transferase enz)¡me activity towards Zt NA and Hpl

UDPGT enzlrme activity+
Substrate Control 3-MC pretreatment percentagre

Stimulation

UDPGT enzyme activj-ty+
Substrate Control PB pretreatment percentage

Stimul_ation

z I1g + 13 lgl_ + 20*

NA 302 I 65 1191 + 107*

HP 1-I7 + 19 167 + 19*

Z 99*14 139+30*
NA 283 + 73 401 + 97*

HP 109 + 14 166 + 31*

53

290

43

40

4L

52

+ Each value ís expressed in nmol NAD+ formed per h per mgprotein and represents the mean + SD of 10 animals. -

* Significantly different from control_s (p<0.05).
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TABLE 4.4 Enzyme induction. Effect of phenobarbital- or 3-methyrchloranÈhrene pretreatment on gin".rronidation of zand HP as determj-ned directly by HPLC ãna1ysis.+

Substrate qlucuronidation

substrate contror 3-Mc pretreatment percentage
Stimul-ation

z 211 + 49 423 + 13* 100

HP 301 + 16 396 + 52* 31

Substrate glucuronidation

Substrate Control PB pretreatment percentage
Stimulation 4t + 205 296 + g0

Stimulation
z 34I+205 286 +80 0

HP 284 + g3 44I + 18* 55

Each varue is expressed in nmor of acceptorgrucuronidation per_ h per mg protein and represents thentean + SD of 3 animals.

+ Glucuronidation reaction with NA as the acceptorsubstrate vras too rapid to be determined under the assayconditio¡ts.
* significantry different from the control val_ue (p.0.05).
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glucuronide formed h-1*g-lprotein, due to 3-MC

pretreatment (p<0.05) (Table 4.4). The enzyme activity
towards HP was increased 318, from 301 to 396 nmor-

grucuronide formed h-1mg-lprotein which is comparable to
432 increase detected in the Mulder and van Doorn assay

(p.O.05). It is to be noted here that the enzyme

activity towards NA could not be measured under

experimental conditions used in this study.

Adrninistration of pB, also resulted in an increase

in the UDPGT enzyme activity towards arr the three
substrates. The conjugation of Hp increased 522, from

109 t.o 166 nmol NAD+ formed h-1*g-lprotein in the pB

induced animal-s (p.0.05). The enzyme activity towards

zearalenone increased 40so, f rom gg to i.3B nmol NAD+
_1 _1formed h 'mg 'protein in the induced animal_s (p.0.05).

The conjugation of NA increased 4I*, from 293 to 401

nmol NAD+ formed h'1mg-lprotein in the pB induced

animals. In the direct measurement, the enzyme activity
towards HP increased 558, from 294 to 44I nmol

glucuronide formed h-1*g-lprotein, in the pB induced

animars (p<0.05) (Tabre 4.4), which is comparabre to s2*

increase observed in the indirect anaÌysÍs.
Thus the pretreatment of female rats with both the

inducers stimul-ated hepatic uDpGT activity towards

zearalenone.
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our results corresponding to the induction of enzyme

form grucuronidating NA generally agree with the
literature. Bock et â1. , (L979) observed that the
increase in grucuronidation of NA after administration
of 3-MC (40m9/kg) was rg2z whire the increase due to pB

administration vüas onry rzz over their redpective
control-s. Glucuronidation of another substrate, Hp

increased by 27* after 3-MC treatment and 34zz after pB

administration (TabJ-e 4.5). The UDPGT activities towards

the two substrate groups v¡ere separated and purified
from the fivers of rats pretreated with these inducing
agents.

A simirar crassification for UDpGT enzyme activj_ties
towards substrates was reported by okur Lcz-Rozaryn et
41. , ( 1981) . They observed an increase in NA-UDpGT

activity, af ter 3-Mc ( 1Sng/kg) administration, of l_309,

whire PB ( BOrng/kg for three days ) increased the enzyme

activit.y 109. The enz)¡me activity towards Hp r^¡as

increased by 109 after 3-IÍc administration and 150t

after PB treatment, over their contrors (Table 4.5).
The study by Koster et â1. , ( 1996 ) supports the

moder of differential induction based on selective
induction of enz]¡me activities in rat liver microsomes

by 3-MC or PB. The inducer 3-I{c (40rng/kg) increased the
grucuronidation of NA by 330t and that of Hp by 50g. The

increase in the enz]¡me activities by administration of
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TABLE 4.5 Comparison of
studies reported in the

induction values with the
literature.

Stu Treatment Percentage
Stimulation

1-Naphthol (GT,' )
Bock'et â1., 79
(male rats ,n=4)

Okulicz et aI. , 81
(male rats, n=5 )

Koster et al. , 86
(maIe rats ,n=2)

Astrom et â1. , 87
(maIe rats rn=3 )
( female rats rn=3 )

Rachmel & Hazelton 86
(male rats, n=5)

Present Work
( female rats, n=10 )

4-Hydroxybiphenyf (GT2 )

Bock et âI., 79
(maJ-e rats ,n=4)

Ockulicz et â1., 81
(maIe rats rn=4 )

Koster et al. , 86
(male rats ,n--2)

Present Work
f emal-e rats, n=10 )

MC
PB

MC
PB

MC
PB

MC
PB
MC
PB

MC
PB

MC
PB

L82
L2

130
10

330
50

467

258

240
60

290
4I

MC
PB

MC
PB

MC
PB

MC
PB

27
342

10
150

50
230

43
52
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PB (100 mg/kg fortowed by 0.lt (w/v) in drinking warer)
towards NA was only 50t whiÌe that towards Hp was z3oz

over their respective control-s (Tabre 4.5). The activity
towards GTt substrate, NA was detected in the liver,
kidney and intestine, while the activity towards GTz

substrate HP was restricted to the liver and intéstine.
Rachmel and Hazelton ( 1e86 ) studied the

characterization of UDPGT activity towards furosemide, a

diuretic agent, in rat liver and compared these features
with the grucuronidat.ion of NA and estrone. Furosemide
grucuronidation was increased by zg2z, 2ogz and 342È of
contrors by the adminÍstration of 3-Mc (2hmg/kg for four
days), PB (75 mg/kg for four days) and pregnenolone-16o-
carbonitril-e (pCN ) (75 mg/kg for f our days )

respectiveJ-y. rn comparison, NA gJ_ucuronidation was

preferentially induced by 3-MC (2408 stimulation over
the controls ) while estrone grucuronidation was induced
by PB and pcN (390t and 150e stimulation over the
contrors ' respectivery) . This study suggested that more

than one form of UDPGT with different inducibrities is
involved in the grucuronidation of furosemide.

zeararenone fits in this crassification of two
groups of aglycone substrates, as being glucuronidated
by both GT, and GT, enzrrme forms. overlapping substrate
specificity within the UDPGT family of isoenzymes has

been suggested by chowdhury et âf. , ( 19g5 ) . conjugation
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of furosemide is another example of substrate
overrapping between two GT forms one of which is induced
by 3-MC and the other being induced by pB as werr as
PCN (Rachmel and Haze1ton, 1996).

The extent of induction of NA grucuronidating enz)¡me

by 3-MC and pB from our resur-ts is comparabre with the
resuLts reported in the literature. However, the
increase in the enzl¡me activity towards Hp by the
administration of pB was rel_atively 1ow.

-4. row enzyme activity towards Hp in tissues other
than l-iver and intestine was observed by Bock et âr. ,

(1980). The authors have suggested that some overlapping
substrate specificity of GT, might exist towards Hp.

Enzyme form GTt appears to selectively conjugate
pJ-anar compounds whereas enzyme form GTZ conjugates
burky molecul-es (Bock et âr., rgTg). Hp Ís considered a

GTZ substrate since the phenyl group in the
para-position favors a non-planar configuration. An

equilibrium between pi-anar and non-planar confirmation
has been suggested for the mor-ecur-e (Bock et âr., 1980).

The heterogeneity of uDpGT can arso be attributed to
the thickness of the mor.ecur-es in their most i_ikery
conformation (okuJ-icz-Kozaryn et âf. , 19g1 ) . These
authors have suggested that the estimated thickness of
the molecules in their most J-ikery conforamtion was

bel-ow 4 Ao for the GTt substrates and more than 4 Ao
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f or the GT, substrates. The morecul-ar thickness of NA, a

GTt substrate has been report.ed to be 1. 7 Ao while f or
HP, a GTz substrate it is 4.3 Ao, According to these
varues r ëìs wel-l as the bur-kiness criteria suggested by
Bock et âf., (1980), Hp is expected to fall on the
borderline between GT, and GT, group of substrates to
some extent. Thus some overlapping activity with GT, is
expected.

The rats used in alr the studies discussed were male

rats. The effect of inducer treatment on the enzyme

activity in male rats may not be representatíve for
female rats. For exampre, Astrom et. âf., (19g7) observed
that 3-MC treatment (20 mg for five days) íncreased the
UDPGT activity towards NA by 4672 in male sprague-Dawrey
rats and by 258*^ in femar-e sprague-Dawrey rats r over
their respective control-s (TabJ-e 4.5). Moreover the
control UDPGT activities between the two sexes vÍere

signif icantJ-y dif ferent, 7 .4 I 0.4 nmor NA gJ_ucuronide

formed min-trnn-lmicrosomar protein for male rats and 5.3

1 0.3 nmor NA grucuronide formed min-t*n-lmicrosomar
protein for female rats (p < 0.001).

AJ-though the induction wÍth pB towards Hp-uDpGT

was significant in the present study, pB does not seem

to be an effective inducer. rn this work, femare

sprague-Dawley rats were used for experiments. This may

be one of the factors for a rerativery rower percentage
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stimulation for the Hp specific enzl¡me activity compared

to the val-ues reported in the l-iterature. Furthermore,
the number of animals used in arl_ the studies discussed
was fairry smarr compared to the present study (Table
4.5) ' suggesting ambiguities in the reported values.

ïn conclusion, it can be stated that uDpGT enzl¡me

f orm that. pref erentiarJ.y glucuronidates NA ar-so

gJ.ucuronidates llp and zearalenone as indicated by

substrate stimulation and rnduction studies. These t\^ro

studies al-so indicate that the UDPGT enzyme form
responsibre for Hp also grucuronidates NA and

zeararenone to some extent. Both the prototypes of
inclucers, 3-MC and pB significantry induce zearalenone
glucuronidating activity. Thus overJ-apping substrate
specificities for both the GT forms is indicated. At the
same time, there is no conclusive evidence regarding the
heterogeneity of UDPGT in the present work.

4.3 METÀBOLISM STUDY

conjugation of zearalenone or its metabol_ites by the
addition of glucuronic acid deactivates the compound.

The newry formed conjugates have decreased membrane

permeablity and increased water solublity, thereby
facil-itating renal clearance of the substrate.
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conjugation and urinary excretion limit enterohepatic
cj-rcuration of zearalenone and may act to limit its
tcrxic expression (Kiritsy et âf ., 1,987, FiLzpatrick et
af., 19BBa).

In the metabolism study, the urinary excretion of
conjugated o-zearal-enone r^ras significantly moré in the
PB administered animals ( 9.9uq) compared to the control-s

( 5.5ps) (p<0.05 ) ( TabJ-e 4 .6) . While the amount of
conjugated zearalenone increased 22? from 38.7 to 47.6

Irg r t.he response was too variable to demonstrate

significance. The tot.aL zearalenone recovered. in the
urine of the two groups of animars is not significantly
affected with 20r ¡rg and 226 ug recovered in the control
and induced group of animals respectively.

rn this study, 32-368 0f the totar dose administered

was recovered in the urine. This reconfirms the
previous studies done in our raboratory (Fitzpatrick et
â1. , 19BBa and Kiritsy et â1. , LggT ) whích are in
contrast to smith (1982) (Details given in Tabre 2.r).
ïn a study to determj-ne the effect of dietary protein on

zeararenone metaborism and toxicity in the rat,
FÍtzpatrick et af. , ( 1988a) observed that dietary
protein enhanced urinary excretion of zeararenone and

its metabofites. The rats received 1 mg/kg body weight

zearal-enone by stomach intubation and for the 159

dietary protein animals,
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TABLE 4.6
induct ion
zearal-enone

I'letabolic study.
on 96-h urinary
and o-zearalenol. +

Effect of
excretion

phenobarbital
of conjugated

Control Pretreated

Free zearalenone

Conjugated zearalenone

Free o-zearalenol

Con jugated a-zearalenol_

143.0

38.7

r_3.4

5.5

13.1

7.8

L.4

0.9

+

+

1

+

153.9 + 15.4

47.6 + 10.9

14.2 I 1.6

9.9 j 1.8*

Each va.l-ue is expressed in ¡rg and represents the mean +
MSE of 12 and 11 animals for the contror and theexperimental group of animals respectively.
+ Totar recovery for the contror group was 201¡rg, 32g oforal- dose. Total recovery for tñe þretreated-group was
226v9 | 362 of oral- dose.

* SÍgnificantly different from control (p<0.05 )
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recovered in the urine. conjugated urinary zearal_enone

and o-zearal-enol- constituted 10.38 of the total- urinary
zearalenone while o-zearalenol, both free and conjugated

constituted 5.68 of the total dose recovered in the

urí¡re.

Kiritsy et aÌ., (1987) studied the effect of reduced

feed intake on zearalenone metabolism in female rats.
The animal-s \^rere oral-ly dosed with 1 mglkg body weight

zearalenone and 338 of the totar dose was recovered. in
the urine in the control group of animals. There were no

conjugated zearalenone and its metabolites found in the

feces. Conjugated zearalenone and its metabolites

constituted 25.68 of the total urinary zearalenone

recovered, while q-zeara1eno1, both free and

conjugated, constituted I0.7 & of the tota] urinary
zearalenone recovered in the control group of animal-s.

These varues are comparabre with the values reported in
the present study.

Smit.h (f982) observed the effects of dietary protein
alfalfa and anion-exchange resin on excretory
metaborit.es following an oral dose of L0 mg/100g body

weight zeararenone. Recovery in the urine b¡as only 3E

of the total dose administered. Conjugated urinary
zearal_enone and metabolites \^rere found only in the urine
and were detected to be 282 of the total urinary
recovery while o-zeara1enol, both free and conjugated
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was 12.2t of total- urinary recovery for zearalenone.

The percentages of conjugated and reduced metaborites

reported in this study are comparable to our results but

the percentage of urinary recovery itself is extremly

low. This may be the resul-t of overdosing of the animars

(Fitzpatrick et al, 1988a).
')

fn a ['H] labelted study to determine the excretion
profiJ-e of zearalenone and its metabolites in rats, the

same researcher (Smith, 1980 ) detected 31. 18 of the

total dose in the urine. euantification of the

metabofite forms was not carried out in this experiment.

Mirocha et âI., (1980) observed that rats given

dietary zearalenone ( 5 mg/twenty-one day ol_d rat )

excreted zearalenone principally in free and conjugated

fo::ms while only a trace of q-zearalenol râras found.

Totar metabol-ites excreted in the urine constituted on

an average 308 of the total_ dì-etary dose which agrees

with the value reported in the present study.

There is no agreement in the literature about the

percentage of administered zeararenone dose excreLed in
the urine. Ftizpatrick et al. , ( 19BBb) have suggested

that the discrepancies in the literature may be due to
differences in the recoveries.

More zearalenone vras metabolized by conjugation than

by reduction (23+ and 108 of the totar dose recovered
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respectivel-y) . Kiessling and petterson, ( 1978) observed

that the amount of conjugated zearalenone and its
metabolites was two to five times more than reduced

zearalenone.

Conjugation is a deactivation reaction (CaJ_dwell,

f9B2) . Fitzpatrick et aI. , ( 1988a) and Kiritsy et al. ,

( 1e87 ) have suggested that the conjugation of

zearalenone and its metabolites acts to reduce the toxic
expression of zearalenone by increasing urinary
excretion thus limiting enterohepatic recirculation
(Smith, 19B0). Administration of inducer increases

hepatic zearalenone conjugating activity thereby

increasing the amount of deactivated zearalenone.

A1pha-zearal-enol constituted more than 10S of the

total- zeararenone recovered in the urine. The importance

of a significant increase in the conjugation of
o-zeara.l-enol- due to inducer treatment observed in our

study, Iies in the fact that o-zearal_enol- is the most

potent zearalenone metabolite (picken et al, l_989).

rncreased conjugation of the metabolite wouLd reduce

toxicity of a zearalenone dose.
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CIT.APTER V

CONCTUSTON

This is the first study that has attempted to
characterize the UDPGT isoenzyme responsible for zearalenone
gì-ucuronidation in the rat liver and to identify a

metabofic inducer, responsibre for the induction of uDpGT

enzyme activity towards zearal_enone.

rn the substrate stimulaton assays, the activity of rat
liver UDPGT towards zeararenone r^¡as inhibited by both
1-naphthoì-, a GTt substrate and 4-hydroxybiphenyl, a GT,
substrate. Pretreatment of animals with the inducers
3-methyJ-choranthrene (crr inducer) and phenobarbital (GTz

inducer) increased UDPGT activity towards zearalenone,
l-naphthor and 4-hydroxybiphenyr. Thus it appears that both
the isoenzÏmes GTt and GTz that have been unambiguousry
characterized in the l-iterature have overJ_apping substrate
specificities and that both are responsibre for zearal_enone

conjugation. No evidence was seen to support the theory of
heterogeneity of UDPGT isoenzymes.

Hepatic microsomal enzyme induction has been known to
i ncrease detoxicifation in mammals. rn the present siudy, as
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a result of UDPGT enzyme induction by phenobarbital, more

conjugated and there by detoxified zearalenone was excreted

in the urine. Also, the excretion of conjugated

o-zearafenol was significantly increased. since o-zearalenol

is approximately ten-folds more potent than zearalenone, the

increased conjugation may help reduce zearalenone toxicity.
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APPENDTX .å.

UDP GLUCURONYL TRANSFERASE ASSAY

( i ) Method DeveLopment :

The method by lfuJ-der and van Doorn (1975) was followed
in the present work. validation of the method was carried
out to determine that enzyme system was saturated and that
the protein concentration used was appropriate. After
testing, it was concluded that the nethod was working at
optimum conditions. The finat concentration of the acceptor
substrate was reduced to 0. L5 M in our modifications.

(ii) Principle:

UDP glucuronyl

R-oH + UDP glucuronate > R-o-grucuronide + uDp

transferase

(A.1)

pyruvate

UDP+phosphoenolpyruvate >UTp+pyruvate

kinase
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Pyruvate+NADH+H+

lactat.e

dehydrogenase

(A.3)

The assay is based on measurement of uDp production
during the glucuronidation reaction (A.1) which is rinked by

reactions (A,2) and (4.3) to the conversion of NADH into
NAD+. This conversion can be continuously monitored
spectrophotometrically at 340 nm because the reduced

nicotinamide-adenine dj-nucleotide NADH2 absorbs light with a

peak wavel-ength at 34Onm, whire the oxidized form, NAD+

shows no absorption between 300nm and 400nm. Thus any

conjugation reaction in which NADH2 is oxidized can be

measured by monitoring the decrease of absorbance at 340nm.

High ]ipid sorubility is a prerequíste for a high rate of
gJ-ucuronidation .

iii) Ilomoqenate Preparation:

Livers from female rats were excised, weighed and

chirled on ice. Two grams of liver was cut into small_ pieces
with scissors and homogenized in a grass homogenizing tube
with a Teflon pestle with 15ml of ice cord 0.154M Kcl
sorution. The sampre was homogenized for l_ minute on ice.
The homogenate was centrifuged at ¿0c for zo minutes at

79



20009 and the supernatant \^ras extracted with a pipet to

exclude the fat layer and kept on ice.

The protein concentration of the supernatant was

measured using the method described by Lowry (1951). The

supernatant was then diluted with 0.18 Triton X-100 (W/V) in
0.154M KCI- sol-ution in order to adjust its protein
concentration from the original 12-16m9/ml to a

concentration of 0 .7 -0.9m9lmt.

( iv) Preparation of the Assav medium:

The assay medium containing (per 1_00m1), 95mL of 0.105M

tris buffer, pH 7.3 (the Tris solution was adjusted to pH

7 ,3 with conc. HCI- ) , 0.13529 Mgclr, 0.00569 phosphoenor

pyruvate, 0.02109 NADH, 0.00L29 pyruvate kinase (540U/mg),

0.017m1 lactate dehydrogenase ( 5000U/mI ) , 5.OmI of 4.0 mM

acceptor substrate (dissoJ-ved in elhanol:HrO, 1: 1 ) and

0.13469 ammonium UDP glucuronic acid was prepared fresh
daily. fn the blanks, UDP glucuronic acid was left out of
the incubation medium.

(v) Assay:

The assay medium and their respective blanks in the

volumes of l.5ml were praced in 10 mm-light path cuvettes

and incubated simultaneouly in a ¡OoC water bath for 5

minutes. After incubating the reaction was started by the
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addition of 0.5m1 of the diluted supernatent preparation and

the contents were mixed. The cuvettes hrere inmediately
praced in spectrophotometer where the temperature of
circulating water bath lsas goOc. The change in the
absorbance at 340nm in a five minutes time intervar was

monitored.

(vi) Final Concentrations in the Assay Medium:

The final- concentrations in the assay medium were as

foll-ows:

75.0 ml'Í - Tris-HCl- buf fer
5.0 mM - MgCÌ,

0.2 mM - phosphoenol pyruvate

0.2 mM - NADH

1.5 mM - UDP gJ-ucuronic acid

0.15 nl{ - acceptor substrate

5,0 U/mI - pyruvate kinase

0.625 U/ml - pyruvate kinase

0.0233 Triton
0. 1875-0 .2L25 rnglml of the diÌuted homogenate.
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ÃPPENDTX B

HPLC ANALYS]S FOR UDPGT ACTIVITY

(i ) Method Devel-opment:

Modifications were made to the Mulder and Van Doorn

(1975) method for UDPGT enzyme assay. Samples were extracted

and run on HPLC.

( ii) Homogenate Preparation:

As described in Appendix A. The protein concentration

was ad justed to 2mg/mI using 0. 154¡,1 KCL buf f er containing

0.lt Triton.

(iii) Preparation of the Assay Medium:

The assay medium contained 0.03359 of UDP ammonium salt,
0.007629 of D-Saccharic acid 1,4-Lactone and l-m1 of MgCl,

solution (0.03389/mI MgCl,,HZO in water) dissolved in 0.105n

tris Buffer, pH 7.3 (Tris buffer was adjusted to pH 7.3 with
concentrated HCI) and diluted to 25m1.

(iv) Assay:
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A 0.6m1 assay medium was pipeted into 5m1 test tubes

and placed in ¡ZoC shaking water bath.After 5 minutes 0.03m1

of 4mM substrate was added and vortexed for 30 seconds. To

each of the tube, 0.2mI of homogenate (Zmg/mL) r?s added and

mixed f or 20 seconds. Af ter exactly 10 minutes | 1-00pI

aliquot was removed from the test tube and transfered to an

BmI screw-top tube with a teflon lined cap containing 2ml

of 10& propanol in ether. The tubes were mixed for 20

seconds. Similar aliquots were taken at 20 and 50 minutes.

(v) Extraction P¡qqqqqre !

After the assay, 2mI of distilled water r^ras added to

each tube and vortexed for 30 seconds. The samples r/ere

centrifuged at full speed ( 15009) in CS centrifuge for 2

minutes. The top ether layer was transfered to a clean 8nI

screw-topped tube using a pasture pipet. A 2ml of 10t

propanol in ether was added to the aqueous layer and the

extraction procedure was repeated. The t$¡o extracted ether

layers were then combined. Ether was evaporated to dryness

under nitrogen ín a 35-400C water bath. A 5m1 diJ-uting

solvent hras added to the tubes and lras vortexed for 30

seconds.

(vi) Mobile Phase:
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Water : Methanol : Acetonitrile and Phosphoric acid

(33:42:L5 + 0.22 ). Water, methanol and acetonitrile v¡ere

HPLC grade. FIow rate i- .Oml-/minute.

(vii) Standards:

Zearafenone and q-zearalenol ( International Minerals

Chemíca1s Corp., Terre Haute, IN ).
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å,PPENTDX C

HPLC ASSAY FOR ZEARALENONE AND METABOLITES

(i) Method devel-opment:

Analysis of urine was carried out based on the

modifications to the Trenholm et aI., (1981) made in the

laboratory earlier (Fitzpatrick et âf., 1987). The flow rate
was lmr/minute and standards contained 50ng of zearalenone

and 5Ong of o-zearalenol. Adjustments hrere made to the

mobile phase to reduce the peak separation.

(ii) Hvdrolysis and Extractio4:

A 0.1ml urine sample and 1.8m1 glass distilled water

\^¡ere pipetted into an 8mI screw-top tesL tube. A

B-glucuronidase solution (Type B-1 IIf Sigrrna Chemical- Co.),

0.lmÌ, in glycerol was added. Tubes hrere loosely capped and

the mixture was incubated overnight at gz0c in a water bath.

Two mrs of 108 2-propanol ín ether was added to the coored

incubated tubes. The mixture was vortexed, rayers allowed to
separate and the top layer was removed. This step was

repeated. The two extraction layers (ether) vrere combined.

The ether layer was placed on ice for 10-15 minutes, and

adjusted to pH L2 with the addition of 2.0m1 of chilred
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0.184 M NaOH. The mixture was vortexed and then chilled on

ice. The layers were separated and the top layer was

discarded. The coÌd acqueous layer was washed with 2ml

portions of benzene. To avoid the formation of.an emulsion

the tubes were gentl-y inverted whil-e mixing. The samples

vrere chill-ed and the top (benzene) J-ayer was discarded. This

step was repeated. Phenolphathalein indicator (3 drops) was

added and the sampJ-e was neut.ralized to pH 7 .0-8 .0 range by

adding 0.5N chirled acetic acid. The indicator turned from

red to srightJ-y yelrow. The sample was chirted 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 zearalenone and o-zearalenol in urine, the

incubation step was omitt.ed and 1.9m1 of water was added to
the sample. Standards of unknown concentration hrere used to
establish that the recoveries from the hydrolysis, clean up

and extraction vrere quantitative.

(iii) MobiIe Phase:

Water :

(40248212 +

Methanol :

0.2* ). Flow

Acetonitrile and Phosphoric acid

rate was 1- . Oml/minute.

(iv) Standards:

86



' zeararenone and o-zeararenol ( rnternational_ Minerars
Chemical Corp., Terre Haute, IN ).
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A,PPENDTX D

MATERIAIS

Ivlagnesium Chloride BDH Chemicals Ltd., Poole EngJ-and.

PhosphoenoJ- Pyruvate Sigma, St. Louis, Ivlissouri, U.S.A.

Nicotinamide Adenine Dinucl-eotide (reduced form) - Sigrma.

Pyruvate Kinase - Sigrma.

Lactate Dehydrogenase - Sigma.

Uridine Diphosphate Glucuronic Acid Signa.

1-Naphthol Sigma.

4-Hydroxybiphenyl - Sigma.

Zearalenone gift of fMC Terre Haute, Indiana, U.S.A.

Bovine Serum Albumin Sigma.

Phenobarbital (Sodium Injection USP) 3Omg/rn1

Abbott Laboratories Ltd., Toronto plant'

Canada.

3-Methylcholanthrene Sigrma.

B-Glucuronidase- Sigma.
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A,PPE¡üDIX E

LIST OF MAJOR EQUIPMENT

1. Sp6-300 Spectrophotometer, Pye Unicam

2. Sp8-400 UVIVIS Spectrophotometer, Pye Unicam

3. International- Centrifuge, International Equipment Co.

4. International Refrigerated Centrifuge, International
Equipment Co.

5. Meyer N-Evap Analytical Evaporator

6. Caramo Stirrer Type R2Rl-64 Homogenizer I Canlab Polytron

7. Water-bath Shaker, Eberbach Corp.

8. HPLC-Pump, Beckman 110Ä'

9. Whatman CO: PELL ODS Precollum, Terochem

1-0. Ultrasphere ODS AnaYtical Colum, Beckman

11. Beckman 160 Absorbance Detector

1-2. Bausch and Lomb VOM 7 Recorder, Fisher Scientific.
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