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ABSTRACT

Biotransformation of lipophilic xenobiotics to hydrophillic metabolites is catalyzed
by phase I and phase II enzyme systems. Dietary protein can alter the rate of this
biotransformation. While hepatic enzyme systems have been extensively studied, little
information is available on the effect of protein status on extrahepatic systems. The
objective of this study was to examine the effect of dietary protein simultaneously on
hepatic and extrahepatic tissue. The study also examined the relationship between dietary
effects and temporality (duration of protein diets). Forty-eight weanling male Sprague-
Dawley rats were fed a low (7.5%), standard (15%), or high protein (45%) diets for 7
or 14 days ad libitum. At the end of the treatment periods, reductase and UDPGT
enzyme activities were determined in the intestine, kidney and liver.

The study demonstrated that the response to protein diets was tissue and
isoenzyme dependant. For example, hepatic reductase activity decreased significantly
with decreasing levels of dietary protein (p < 0.01), while in the kidney and intestine
it remained unchanged on standard and low protein diets and increased on a high protein
diet (p < 0.01). UDPGT isoenzyme activities in the liver and the intestine were
significantly the greatest on a low protein diet (p < 0.01), while, in the kidney they
were significantly the greatest on a high protein diet (p < 0.01). GT, activity was
modulated by dietary protein in all three tissues, while GT, activity was altered only in
the intestine, thereby demonstrating that isoenzymes within a tissue also have unique
responses to protein modulation.

Our study examined the relationship between dietary effects and temporality which

iv



has not previously been studied. Duration of feeding of the protein diets significantly
affected reductase and UDPGT activities in the intestine (p < 0.01) but did not affect
it in the kidney and liver. This can be explained by the dynamic nature of the intestinal
tissue. That, because of the rapid turnover in the intestine any changes in nutritional
status are quickly reflected. The absence of the temporal effects in the liver and kidney
suggest that once the enzymes have been established by protein modulation, the effect
of protein diets in these tissues will not compound over time for at least 14 days. The
decline in reductase activity in the intestine of control animals after 14 days may be an
age related effect (p < 0.01). The absence of this age related effect on the low and high
protein diets suggests an adaptive response by the intestine to changes from adequate
protein status.

The unique hepatic and extrahepatic tissue and isoenzyme responses suggest that
generalizations regarding the metabolic response to protein diets based solely on hepatic
studies are erroneous. Our results support suggestions that extrahepatic tissues are not
simply attenuated versions of hepatic systems. The temporal effects observed in our study
are a snap shot over a 14 day period. In the absence of supporting evidence, these results

are too limited to establish long or short term consequences with any certainty.
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Chapter I
INTRODUCTION

Man is constantly exposed to a variety of noxious chemicals that are collectively
termed xenobiotics. Xenobiotics are substances foreign to the body including food
additives, drugs, industrial chemicals, insecticides and natural agents such as
glycoalkaloids or mycotoxins. With few exceptions, xenobiotics are lipid-soluble, weak
organic acids or bases that are not readily eliminated from the body. Therefore, they
must be extensively metabolized prior to excretion.

Xenobiotics enter the body when inhaled, ingested or dermally absorbed. The
major route of exposure is the oral route where xenobiotics are absorbed along with
nutrients via active transport, passive diffusion or lymphatic absorption (Chabbra, 1979).
Absorption of toxins through the intestinal lymphatics is of particular significance since
this route allows chemicals to be distributed throughout the body without first passing
through the liver. The intestinal first pass effect refers to biotransformation during drug
absorption and represents an important step of presystemic detoxification (Schwenk,
1988).

Once absorbed, xenobiotics must be transformed to polar, water soluble
metabolites prior to excretion. Biotransformations are carried out by the enzyme systems
located in the liver and extrahepatic tissues including the intestine, kidney and lungs.
These enzymes are located in the cell endoplasmic reticulum and cytosol, and metabolize
xenobiotics via oxidative, reductive and conjugative pathways. They are known as the

phase I and phase II drug metabolizing enzyme systems.
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Phase I reactions change the structure and physiochemical properties of
xenobiotics. These transformed compounds often retain bioactivity and may, in some
cases, manifest increased reactivity. In contrast, phase II reactions, through conjugation,
change both the structure and physiochemical properties of the drug, generally resulting
in reduced bioactivity. Whether biotransformation produces a toxic intermediate or results
in detoxification depends upon the particular substrate and types of intermediates
involved. For example, the common biotransformation reactions, hydroxylation,
epoxidation, sulfation and glucuronidation can either detoxify or produce a more toxic
product depending on the chemical reactivity and/or the biological activity of the
products.

Diet can affect the rate of xenobiotic metabolism altering its toxic expression.
For example, the toxicity of many xenobiotics increases in protein deficiency (Hathcock,
1987). The effect of diet on xenobiotic metabolism is therefore an important issue. The
interaction between dietary protein and xenobiotic toxicity has been examined extensively
in hepatic systems. However, it is clear that detoxifying enzyme systems are not confined
to the liver. Phase I and phase II systems have been demonstrated and studied in the
lungs (Fouts and Devereux, 1972), kidneys (Ellin et al, 1972) and small intestine
(Miranda et al, 1979). However, the physiological significance and control mechanisms
for the enzymes at these sites are not well understood. Yang and Yoo (1988) suggested
that dietary effects on drug metabolism by extrahepatic tissues is largely unknown and
remains to be studied. In addition, Philpot (1991) suggested that extrahepatic

detoxification enzyme systems are not simply attenuated versions of hepatic systems and
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that they warrant examination. Therefore, the objective of this study was to examine the

effect of dietary protein on hepatic and extrahepatic drug metabolizing enzymes.



Chapter II
REVIEW OF LITERATURE

Nutritional Toxicology

Chemical substances foreign to the body including food additives, pesticides,
industrial chemicals and natural food products, are collectively termed xenobiotics. The
study of the interactions between these foreign substances and living organisms is broadly
referred to as toxicology. Adverse or noxious effects in biological systems are produced
when the agent or its biotransformation product(s) reach target sites at an appropriate
concentration and for sufficient time to produce the toxic manifestations. The occurrence
and nature of the response depends on the chemical and physical properties of the agent,
the exposure situation, and the susceptibility of the biological system or subject (Klaassen
and Eaton, 1991).

Nutritional toxicology is the study of food borne toxicants and the interrelations
of xenobiotics with nutrients and nutritional states. This includes the study of the diet as
a source of toxicant, the effects of toxicant on nutrients and nutritional processes, the
effects of nutrients and nutritional metabolism on toxicant, and the scientific basis for
regulatory decisions affecting toxicological safety of dietary components (Hathcock,

1982; Hathcock, 1987).

2.1  Introduction
Once ingested, lipophilic xenobiotics can remain in the body almost indefinitely

unless they are converted to polar metabolites. This biotransformation of xenobiotics is
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carried out by the drug metabolizing enzyme systems located in the cell endoplasmic
reticulum and cytosol in hepatic and extrahepatic tissues. These enzyme systems
metabolize xenobiotics and endogenous compounds such as fatty acids by oxidative,

reductive and conjugative pathways (Sipes and Gandolfi, 1991).

2.2 Characteristics of Xenobiotic Metaholizing Enzymes

Two major enzyme systems are involved in xenobiotic biotransformation (Sipes
and Gandolfi, 1991). The first is known as the mixed function oxidase (MFO), or phase
I system. Phase I enzymes act through oxidation, reduction and hydrolytic reactions to
render xenobiotics more water soluble and potentially more able to react with conjugating
enzymes involved in phase II reactions. It is important to note that phase I reactions may
also result in changes in activity, serving to activate or inactivate the parent compound.
The second biotransformation system is known as the phase II system. This reaction
system consists of a number of conjugating enzymes located in the cytosol and
endoplasmic reticulum of the cell. These enzymes catalyze the conjugation of xenobiotics
and phase I reaction metabolites with endogenous substances such as glucuronic acid and
sulphates. Conjugation makes xenobiotics less toxic, more water soluble and promotes
their excretion in the urine, bile and faeces. Biotransformation reactions require energy
and consume metabolic intermediates such as NAD and NADPH. Since these reactions
compete for substrates of intermediary metabolism, biotransformation reactions can

redirect cellular metabolism (Hanninen et al, 1979).



2.2.1 Phase I Reaction: Mixed Function Oxidase
Phase I reactions can be described in the following stoichiometry with the X

representing a xenobiotic (Peterson and Holtzman, 1980).

X.H+ O, + NADPH --------emmeee » X.OH + H,0 + NADP*

The reaction requires molecular oxygen and two electrons. The enzyme NADPH
cytochrome ¢ reductase transfers reducing equivalents from NADPH to the terminal
oxidase cytochrome P-450.

A prime function of phase I reactions is to expose and/or add functional groups
such as -OH, -SH, -NH,, -COOH to the parent compound, predisposing the compound
to undergo phase II reactions. Functional groups are added via two oxidative enzyme
systems: the cytochrome P-450 (C-P450) and the mixed function amine oxidase system.

Of the two oxidative enzyme systems, C-P450 system is the most important. It
has three components, C-P450, NADPH C-P450 c reductase and a phospholipid
embedded in the phospholipid matrix of the endoplasmic reticulum (Coon et al, 1973;
Nebert et al, 1981) (Figure 1). The term P-450 is applied to a hemeprotein structurally
embedded within the membrane of the endoplasmic reticulum. The hemeprotein functions

as a MFO or oxygen transfer agent. NADPH C-P450 c reductase is an enzyme



i tion of C-P450, reductase and lipid
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containing FAD and FMN as cofactors. It transfers reducing equivalents from NADPH

to C-P450 and it is required for optimal interactions between the two proteins (Coon et

al, 1973). The phospholipid is usually phosphotidylcholine and is essential in the transfer

of electrons from NADPH to C-P450 (Strobel et al, 1970; Coon et al, 1973). A detailed

description of C-P450 mediated reactions is described in Figure 2.

Step 1.

Step 2:

Step 3:

Step 4:

The initial step in C-P450 mediated mixed function oxidase is the binding
of the substrate to the oxidized form (Fe**) of Cytochrome P-450.
NADPH C-P450 C reductase then transfers an electron from NADPH to
the oxidized (Fe’*) P-450 substrate complex reducing it to a (Fe?*)
complex.

The reduced C-P450 substrate complex then reacts with oxygen to form
an oxycytochrome P-450 complex. The oxycytochrome P-450 formed may
decompose to form superoxide (O,) and ferric cytochrome P-450
(Estabrook and Weringloer, 1977). The superoxide dismutates to form
hydrogen peroxide and oxygen. The formation of superoxide aborts the C-
P450 mediated oxidation of drugs.

Alternatively, the oxy-ferrocytochrome P-450 substrate complex can
undergo a second reduction to form an oxene derivative (Ulrich and
Staudinger, 1969) by releasing water. The oxene then hydroxylates the
substrate making it more water soluble and regenerates the oxidized form

of C-P450.
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Figure 2: Basic schemes involved in cytochrome P-450 mediated mixed function

oxidations (Peterson and Holtzman, 1980).
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2.1.2 Phase-II reactions

Phase II reactions are biosynthetic in nature. Enzymes such as sulfotransferase,
UDP-Glucuronyltransferase (UDPGT) and glutathione-S-transferase conjugate xenobiotics
with endogenous cofactors such as sulfates, glucuronic acid or glutathione resulting in
the formation of harmless end products (Parke and Ioannides, 1981; Olson et al, 1992).
Phase II reactions are therefore often detoxification reactions.

UDPGT conjugations are quantitatively the most important phase-II reactions
(Dutton, 1981). UDPGT catalyzed reactions do not necessarily occur secondary to C-
P450 catalyzed phase I reactions. For example, xenobiotics such as morphine, naphthols
and phenols exist in the hydroxylated state and serve as substrates for UDPGT without
undergoing phase I hydroxylation (Tephly and Burchell, 1990). In addition to
xenobiotics, UDPGT inactivates a variety of endogenous compounds such as bilirubin,

steroid hormones and thyroxin (Roche et al, 1954; Bidlack et al, 1986).

UDPGT

UDPGT transfers glucuronic acid from uridine diphosphate glucuronic acid
(UDPGA) to the xenobiotic (XOH) yielding a glucuronide (Dutton, 1981). UDPGA
availability is regulated by the presence of glucose, energy (UTP), and NAD* (Dutton,
1981). Through the glucuronic acid pathway, glucose-1-phosphate reacts with UTP to
form UDP-Glucose, which is then oxidized to UDPGA utilizing two NAD™* (Strominger

et al, 1954).
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XOH + UDP-glucuronic acid -=------------ » XO-glucuronide +UDP

Glucuronides are water soluble, more readily excreted than the parent compound
and, in most cases, possess little or no biological activity (Anders, 1980; Olson et al,
1992). However, some metabolites such as glucuronide conjugates of retinoic acid, and
morphine ar