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Tea consumption modulates hepatic drug metabolizing
enzymes in Wistar rats

Pius P. Maliakal, Peter F. Coville and Sompon Wanwimolruk

Abstract

The antioxidant, antimutagenic and anticarcinogenic activities of green tea and its polyphenols
have been reported. As bioactivation of the precarcinogens and detoxification of ultimate
carcinogens are mainly carried out by hepatic metabolizing enzymes, we have investigated the
modulation of these enzyme activities subsequent to tea consumption in rats. Female Wistar
rats were divided into eight groups (n = 5). Six groups were given aqueous solutions (2 %, w/v)
of six different teas (New Zealand green tea, Australian green tea, Java green tea, Dragon
green tea, Gunpowder green tea or English Breakfast black tea) as the sole source of fluid. One
group was given a standard green tea extract (0.5 %, w/v) while the control group had free
access to water. At the end of four-weeks treatment, different cytochrome P450 (CYP) isoform
and phase Il enzyme activities were determined by incubation of the liver microsomes or
cytosols with appropriate substrates. CYP 1A2 activity was markedly increased in all the tea
treatment groups (P < 0.05). CYP 1A1 activity was increased significantly in most of the groups
except for the Madura, Gunpowder, and Java green tea-treatment groups. Cytosolic gluta-
thione-S-transferase activity was significantly increased (P < 0.05) in the New Zealand,
Gunpowder, and Java green tea-treatment groups. The microsomal UDP-glucuronosy! trans-
ferase activity remained unchanged or was moderately increased in most of the groups. The
balance between the phase | carcinogen-activating enzymes and the phase Il detoxifying
enzymes could be important in determining the risk of developing chemically-induced cancer.

Introduction

There is increasing evidence that nutrition plays an important causative role in the
initiation, promotion and progression stages of several types of human cancer
(Katiyar & Mukhtar 1996a). The diet may contain many chemicals that can
antagonize the effects of chemical carcinogens. One of the mechanisms could be by
modulation of the enzyme systems involved in the activation and deactivation of
chemical carcinogens (Parke & loannides 1981; Guengerich 1984). A large number
of the potentially genotoxic environmental chemicals and natural products, to
which man is exposed, require metabolic activation to exhibit their mutagenic and
carcinogenic effects (Eaton et al 1995). This bioactivation is mainly carried out by
some of the phase I enzymes including cytochrome P450 (CYP), which give rise to
reactive intermediates that attack DNA and other cellular macromolecules (Smith
et al 199%). Inhibition of bioactivating enzymes and/or induction of detoxification
enzymes by either naturally occurring substances or synthetic agents continues to
be a promising chemo-preventive strategy.

Tea (Camellia sinensis) is one of the most popular beverages consumed worldwide.
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The antioxidative, antimutagenic and anticarcinogenic
activities of tea and its polyphenols have been reported
in various animal models using different carcinogens (Li
etal 1999). Many studies have shown that tea polyphenol
fractions significantly inhibit tumorigenesis in the skin,
oral cavity, oesophagus, lung and duodenum in several
rodent models (Yang & Wang 1993; Weisburger 199¢,
1999a). Fujiki et al (1998) showed that tea polyphenols
inhibited the growth of lung cancer in human cell lines.
Japanese epidemiologists reported a significantly lower
risk of gastric cancer among patients whose green tea
consumption was more than 10 cups per day (Fujiki
et al 1996, 1999).

Green tea contains 35-52% (measured in weight
percent extract of solids) catechins and flavonols com-
bined (Bushman 199¥). The four major catechins are
(—)-epicatechin, (—)-epicatechin-3-gallate, (—)-epi-
gallocatechin and (—)-epigallocatechin gallate. Some
studies have demonstrated that tea possesses the ability
to prevent cancer and this protective property is related
to its effects on CYP enzymes (Kohlmeier et al 1989).
Tea polyphenols have been shown to inhibit rat liver
microsomal monooxygenase activities, including those
of aryl hydrocarbon hydroxylase, 7-ethoxyresorufin
O-deethylase and 7-ethoxycoumarin O-decthylase
(Yang & Wang 1993; Sohn et al 1994). It has been
demonstrated that green tea polyphenols enhance the
activities of antioxidant and phase II enzymes (Khan et
al 1992; Yang & Wang 1992). It is also claimed that
drinking green tea may prevent cardiovascular disease
and disorders of the liver in man. These could be
mediated by reducing total serum cholesterol and tri-
acylglycerol levels as well as reducing levels of
glutamic-oxaloacetic transaminase and glutamic-pyru-
vic transaminase (Han et al 1999). Those authors have
reported that (—)-epigallocatechin gallate, (—)-epi-
gallocatechin and (—)-epicatechin-3-gallate strongly
inhibited lipid peroxidation in rat liver mitochondria
and microsomes. Furthermore they suggested that tea
might be an effective crude drug for the treatment of
obesity and fatty liver caused by a high fat diet.

This study was aimed at investigating any modulation
of xenobiotic metabolizing enzymes in rats by green teas
cultivated in New Zealand and Australia, and to com-
pare metabolic enzyme activity changes with those in-
duced by other imported green teas and standard green
tea extract. In addition, the effect of tea consumption on
blood lipid profiles was monitored.

Materials and Methods

Chemicals and reagents

All chemicals and reagents used were of HPLC ana-
lytical grade. Sodium dodecyl sulfate, hexan-1-ol,
sodium hydroxide, potassium dihydrogen orthophos-
phate, potassium chloride, HPLC-grade acetonitrile,
tert-methylbutyl ether, diethyl ether and methanol were
purchased from BDH Chemicals (Poole, UK). Tetra-
butylammonium bromide, NADPH, sodium dithionite,
p-nitrophenol, phenacetin, paracetamol, 2-amino-
phenol, glutathione, and 1-chloro-2,4-dinitrobenzene
were purchased from Sigma Chemical Co (St Louis,
MO). Quinine hydrochloride was purchased from
Merck—Schuchardt (Schuchardt, Germany). 3-Hy-
droxyquinine was a gift from Dr P. Winstanley, Uni-
versity of Liverpool, UK. Debrisoquine and 4-hydroxy-
debrisoquine were kindly donated by Roche (Auckland,
New Zealand). Guanoxan hemisulfate was supplied by
Pfizer (Auckland, New Zealand).

Treatment of rats with tea

The study was approved by the University of Otago
Animal Ethics Committee, Dunedin, New Zealand.
Female Wistar rats, eight- to nine-weeks-old, were div-
ided into eight groups (n = 5). They were housed in
hanging wire cages in a temperature-controlled room
with a 12-h light-dark cycle and free access to food
(commercial rodent diet). The animals were allowed to
acclimatize for five days before the study.

Six different varieties of tea were purchased from
local supermarkets in Dunedin, New Zealand. These
were New Zealand green tea (Tasman Extracts, Nelson,
New Zealand), Madura green tea (Murwillumban,
NSW, Australia), Gunpowder green tea (Twining and
Company Ltd, London, UK), Dragon green tea (Import
and Export corporation, Shanghai, China), English
Breakfast tea (Twining and Company Ltd, London,
UK) and Java green tea (Twining and Company Ltd,
London, UK). In New Zealand green tea is grown in the
Nelson region of the South Island. Madura green tea is
97 % caffeine-free and is free of tannic acid. Java green
tea is a blend of Indonesian green teas from the Island of
Java. English Breakfast is a popular brand of black tea
consumed in western as well as Asian countries. Tea
solutions (2 %, w/v) were prepared simulating the usual
way of brewing tea. Boiled tap water was added to the
required weight of tea powder with intermittent stirring
for 10 min, then strained through filters to obtain a clear
tea solution. The six different tea solutions were then
poured into clean feeding bottles (protected from light)



and given to the appropriate rat group. The seventh rat
group was given a 0.5 % w/v aqueous solution of green
tea extract (courtesy Dr Masami Suganuma, Saitama
Cancer, Saitama —Ken 362, Japan). The eighth group
(control) received tap water only. Rats were pretreated
with tea solutions or appropriate solutions for four
weeks. The rats were weighed at the start of the ex-
periment and at the end of each week to monitor any
influence of tea on growth rate.

After four weeks of treatment, rats were killed by CO,
asphyxiation. Blood was collected by cardiac puncture;
plasma was separated and kept at —20°C for analysis
of blood lipids. Livers were removed and kept frozen at
—80°C until required. The liver microsomes and cyto-
sols were prepared by a differential centrifugation
method (Robson et al 1987) and stored in phosphate
buffer (pH 7.4) containing 20 % w/v glycerol at —80°C
until required. The microsomal protein content was
determined by the method of Lowry et al (1951). The
P450 content was determined by the method described
by Omura & Sato (1964).

Determination of CYP 1A1/CYP 1A2 activity

The activity of CYP 1A1 and CYP 1A2 was determined
using phenacetin as a specific substrate probe as de-
scribed by lassaneeyakul et al (1993). The activity of
the high affinity component (CYP 1A2) of phenacetin-
O-deethylase was determined by incubating 5 um phen-
acetin with liver microsomes (0.5 mg mL™) for 30 min.
The reaction was terminated by addition of 1 M NaOH.
The formation of the metabolite, paracetamol, was
measured by a specific HPLC method (l'assaneeyakul et
al 1993). The activity of the low affinity isozyme CYP
1A1 was determined by using phenacetin at a con-
centration of 300 uM, approximately the K, of CYP
1A1 reported in rat liver microsomes (Boobis et al 1981).
The procedures for incubation and HPLC assay were
the same for CYP 1A2.

Determination of CYP 3A activity

Quinine was used as the marker for determining CYP
3A activity. The reaction mixture (0.5 mL) containing
30 um quinine, NADPH (1 mm), and rat liver micro-
somes (0.5 mg protein mL™") was incubated at 37°C for
12 min. The reaction was stopped by the addition of
cold methanol (1 mL). Formation of the 3-hydroxy-
quinine metabolite was monitored by an HPLC method
as described by Wanwimolruk et al (1996).
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Determination of CYP 2E activity

This was determined by using an HPLC method, pre-
viously developed in our laboratory, using p-nitro-
phenol as substrate. In brief, the reaction mixture
containing p-nitrophenol (140 xMm), rat liver microsomes
(0.8 mg mL™"), ascorbic acid (1 mm) and NADPH
(1 mm) in a total volume of 0.5 mL phosphate buffer
(pH 7.4) was incubated at 37°C for 25 min. After ter-
minating the reaction using perchloric acid (0.6 M),
an internal standard (phenacetin 1.5 ug mL™) was
added. The metabolite formed, p-nitrocatechol, and the
internal standard were extracted into fert-methylbutyl
ether after alkalinizing with ammonium sulfate. The
residue obtained after the ether was evaporated off was
analysed using an HPLC system. The system consisted
of a stainless steel HPLC column (150 mm x 4.6 mm
i.d.) packed with a reversed-phase C18 material (5 ym
Nucleosil, Macherey—Nagel, Duren, Germany), an
acetonitrile: water mobile phase (16:84 v/v, pH 3.0)
and a UV detector (243 nm).

Determination of CYP 2D activity

Debrisoquine 4-hydroxylase (CYP 2D) activity was
measured using a method described by Wanwimolruk et
al (1995). Briefly, each reaction mixture (1 mL) consisted
of debrisoquine (substrate, 60 M), rat liver microsomal
protein (1 mg mL™") and NADPH (1.2 mMm). Guanoxan
hemisulfate (98 yM) was used as the internal standard.
Analysis of the metabolite formed (4-hydroxydebriso-
quine) was performed using an HPLC system consisting
of a CN column (Spherisorb-CN, 5 p, 15 cm x 4.6 mm
i.d), mobile phase (acetonitrile: phosphate buffer, 12:88
v/v, pH 5) and a UV detector (214 nm).

Determination of glucuronosyl transferase
activity

Microsomal glucuronosyl transferase activity was de-
termined using two different substrates, p-nitrophenol
and 2-aminophenol. UDP-glucuronosyl transferase ac-
tivity towards p-nitrophenol was determined using the
spectrophotometric method described by Luquita et al
(1994). p-Nitrophenol (800 M) was used as a substrate
for the assay. A membrane perturbant Triton—X 100
(0.05 mg/protein) and a p-glucuronidase inhibitor,
D-saccharic acid lactone (0.5 mM) were systematically
incorporated in the reaction medium. The UDP-glucu-
ronosyl transferase activity towards 2-aminophenol was
determined by the method described by Burchell (1974).
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Table 1 Effect of a four-week pretreatment with tea solution (2%
w/v) on liver weight and P450 content in rats.

Group Liver weight (g) P450 content
(nmol (mg protein)~')
Control 122+1.3 0.20740.04
Green tea extract (0.5%) 12.5+0.9 0.28140.05
New Zealand green tea 13.1+0.8 0.2904+0.04
Dragon green tea 12.840.5 0.2804+0.10
Australian green tea 11.8+1.1 0.3074+0.05
English Breakfast tea 12.6+0.9 0.4014+0.03*
Gunpowder green tea 13.1+1.2 0.4034+0.09*
Java green tea 124404 0.34540.07*

Results are given as mean +s.d., n = 5 per group. *P < 0.05 compared
with the control group.

Determination of glutathione-S-transferase
activity

Hepatic cytosolic glutathione-S-transferase activity was
determined using a spectrophotometric method (Habig
et al 1974). This procedure was based on the enzyme
catalysed condensation of glutathione with the model
substrate 1-chloro-2,4-dinitrobenzene.

Blood lipid analysis

Plasma lipids were analysed for content of total chol-
esterol, triglycerides and high-density lipoproteins using
a COBAS FARA machine (Roche Diagnostics, S-
Hoffmann-La-Roche Ltd, Basle, Switzerland).

Statistical analysis

Results are expressed as mean +s.d. Statistical analysis
was performed using an SPSS (version 8.0) programme
for Windows 95. The differences between groups were
evaluated using one way analysis of variance, followed
by Dunnette’s test for pair-wise comparison and Tukey’s
family error rate. In all cases, P < 0.05 was considered
as the minimum level of statistical significance.

Results

The growth rate of the rats was not affected by treatment
with the different tea solutions (2% w/v). None of the
animals showed any gross pathology of the internal
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Figure 1 Effect of tea consumption on activities of hepatic CYP
1A1 (A) and CYP 1A2 (B) in rats. Rats were maintained on freshly
prepared tea solutions (2% w/v) or green tea extract (0.5 %, w/v) as
their sole drinking fluid for four weeks. Results are presented as % of
the control group’s activity with an error bar. Mean+s.d. CYP 1Al
and CYP 1A2 activity in the control group was 0.486+0.17 and
0.084+0.03 nmol mg™! min~', respectively. GTE, Green tea extract
(0.5%, w/v); NZ, New Zealand green tea; DRG, Dragon green tea;
AUS, Australian green tea; ENG, English Breakfast tea; GUNP,
Gunpowder green tea; JAVA, Java green tea. *P <0.05 compared
with control.

organs. Liver weights of rats in the treatment groups
were not significantly different from controls (Table 1).
The hepatic P450 contents in all the treatment groups
showed a trend to increase compared with the controls,
but significant differences were observed in only the
groups treated with English Breakfast tea, Gunpowder
green tea or Java green tea (Table 1).

Hepatic CYP activity

An increase in activity of CYP 1A isoforms was detected
in most of the groups treated with various tea solutions
as well as green tea extract (0.5%). However, the in-
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Figure2 Activity of hepatic CYP 2D (A), CYP 2E (B) and CYP 3A
(C) in rats treated with tea solutions (2 %, w/v). Rats were maintained
on freshly prepared tea solutions (2% w/v) or green tea extract
(0.5%) as their sole drinking fluid for four weeks. Mean +s.d. CYP
2D, CYP 2E and CYP 3A activity in the control group was
0.898+0.18, 0.568 +0.7 and 0.1214+0.03 nmol mg~' min~'!, respect-
ively. GTE, Green tea extract (0.5 %, w/v); NZ, New Zealand green
tea; DRG, Dragon green tea; AUS, Australian green tea; ENG,
English Breakfast tea; GUNP, Gunpowder green tea; JAVA, Java
green tea.

crease was statistically significant only for the rats
treated with New Zealand green tea, Dragon green tea,
English Breakfast black tea or green tea extract 0.5 %
(Figure 1A). The maximum increase (183 % of the con-
trol) in CYP 1A1 activity was seen in the group treated
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with Dragon (Chinese) green tea. Java green tea, Gun-
powder green tea and Madura green tea produced
moderate increases ranging from 120 to 160 % of the
control groups. Significant modulation of the hepatic
CYP 1A2 isoform activities were quite evident in all the
treatment groups (Figure 1B). The maximum increase
(298 % of the control) was observed with Java green tea.
The effect on CYP 1A2 activity caused by treatment
with any of the tea solutions was comparable with that
seen in the group receiving green tea extract (0.5 %).
Four-week pre-treatment with tea solutions caused a
slight decrease in CYP 2E activity; however, these
changes were not statistically significant (Figure 2B).
CYP 2D and CYP 3A activity remained unaltered in
almost all of the treatment groups (Figure 2A, C).

UDP-glucuronosyl transferase activity

Two planar phenol substrates, p-nitrophenol and 2-
aminophenol, were selected to determine activity of the
hepatic UDP-glucuronosyl transferase isozymes in rat
liver microsomes. Pre-treatment with any of the tea
solutions did not cause a significant difference in the
activity of UDP-glucuronosyl transferase catalysing the
conjugation of p-nitrophenol (l'able 2). Java green tea
produced a 25% increase in the UDP-glucuronosyl
transferase activity compared with control, but this was
not statistically significant. Similarly the catalysing ac-
tivity of UDP-glucuronosyl transferase toward 2-amino-
phenol conjugation did not change significantly in any
of the treatment groups (lable 2).

Glutathione-S-transferase activity

A significant increase in the activity of cytosolic gluta-
thione-S-transferase was observed in the rats treated
with New Zealand green tea, Gunpowder green tea and
Java green tea (lable 2). There were no significant
changes in the activity of glutathione-S-transferase in
the other treatment groups.

Blood lipid profiles

After four-weeks pretreatment with tea solutions, the
total plasma cholesterol content remained unaltered
while the high-density lipoprotein fraction of plasma
cholesterol showed an increasing trend (l'able 3). There
was a trend of decreasing triglyceride levels in rats
treated with the various tea solutions as well as green tea
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Table 2 Microsomal UDP-glucuronosyl transferase (UDPGT) and cytosolic glutathione-S-transferase
activities in rats receiving different freshly-prepared tea solutions (2 % w/v) or green tea extract (0.5 % w/v)

as their sole drinking fluid for four weeks.

Group UDPGT activity UDPGT activity Glutathione-S-
towards p-nitrophenol towards 2-aminophenol transferase activity
(nmol min~! mg™7) (nmol min~! mg™") (umol min~! mg~")

Control 7.8+3.1 0.51+0.19 0.22+0.05

Green tea extract (0.5 %) 50+1.1 0.53+0.05 0.23+0.03

New Zealand green tea 6.0+19 0.584+0.10 0.38+0.03*

Dragon green tea 7.4+3.1 0.63+0.33 0.25+0.03

Australian green tea 5.6+1.7 0.40+0.02 0.21+0.01

English Breakfast tea 7.6+1.6 0.544+0.05 0.254+0.05

Gunpowder green tea 6.7+19 0.50+0.06 0.30+0.03*

Java green tea 10.44+2.3 0.6240.09 0.36+0.06*

Data are presented as mean +s.d. of five individual rats. *Significantly different from the control group

(P < 0.05).

Table 3 Plasma lipid content in rats receiving tea solutions (2% w/v) or green tea extract (0.5% w/v) as

their sole drinking fluid for four weeks.

Group Total cholesterol High-density lipoproteins Triglycerides
(mmol L) (mmol L) (mmol L)
Control 1.8240.10 1.39+0.22 1.574+0.78
Green tea extract (0.5 %) 2.30+0.41 1.87+0.29 1.7740.29
New Zealand green tea 1.834+0.41 1.4540.29 1.3340.48
Dragon green tea 2.22+0.36 1.85+0.25 1.01+0.16
Australian green tea 2.1840.24 1.83+0.36 1.06+0.18
English Breakfast tea 2.2540.34 1.9740.33 0.87+0.24
Gunpowder green tea 1.88+0.17 1.69+0.18 1.06+0.44
Java green tea 2.004+0.45 1.654+0.37 1.064+0.28

Data are presented as mean +s.d. of five individual rats.

extract (0.5 %). However, none of these changes reached
statistical significance (lable 2).

Discussion

Green tea is claimed to effectively antagonize the
carcinogenicity of a number of dietary constituents
including nitrosamines and polycyclic aromatic hydro-
carbons (Bu-Abbas et al 1994t). The advantages of
using green tea for cancer chemoprevention are that it
is safe with no known harmful effects, it is cheap and it is
easy to mass-produce. It has been shown to be effective
in numerous experimental studies, and this effectiveness
has been supported by epidemiological studies.

This study was part of an on-going research pro-
gramme to investigate the anticarcinogenic properties
of different teas and their constituents. Tea extracts and
the major constituents of tea have been shown to possess
anticarcinogenic potential. Therefore, it was important
to establish whether this effect involved perturbation of
the CYP isoform and phase Il enzyme-mediated metab-
olism of chemical carcinogens in such a way so as to
reduce bioactivation and/or favour their detoxification
in-vivo in rats.

The results demonstrated that consumption of various
fresh tea solutions as well as green tea extract 0.5 % did
not cause any apparent toxic response or growth re-
tardation. Of the five major CYP isoforms studied, CYP
1A activity was shown to be increased in rats given tea



solutions, although some failed to produce statistically-
significant differences. CYP 1A1 is primarily involved in
the metabolism of polycyclic aromatic hydrocarbons,
whereas CYP 1A2 preferentially metabolizes hetero-
cyclic amines, arylamines and aflatoxin B1 (Gonzalez
1992; Eaton et al 1995; Williams 1992). These isoforms
may play a very important role in activation of these
environmental carcinogens. CYP 1A2 is normally ex-
pressed in liver. The level of CYP 1A1 expression in the
liver is substantially lower than for CYP 1A2 and
inducers of CYP 1A may have considerable potential
for toxicity/carcinogenicity (l'assaneeyakul et al 1993).

The increase in rat hepatic CYP 1A activity suggested
that some tea components induced activity of CYP
1A1/1A2 in rat liver. These results are consistent with
some work reported by other investigators. Exposure to
green tea resulted in an increase in O-demethylation of
CYP 1A substrate methoxyresorufin and, to a lesser
extent, deethylation of ethoxyresorufin and pentoxy-
resorufin (Bu-Abbas et al 1994a). Treatment of rats
with green and black teas caused significant induction of
CYP 1A2, 1A1, 2B, and 4A1 (Wang et al 1994 ; Chen et
al 1996; Weisburger 1999b). Immunoblot analysis of
solubilized microsomes using polyclonal antibodies
against rat CYP 1A1/1A2 revealed an increase in the
apoproteinlevel of CYP 1A2 butnot CYP 1A1 following
pretreatment with green tea (Bu-Abbas et al 1994b).
Also microsomal preparations from rats pretreated with
tea were much more effective than controls in converting
the carcinogen, 2-amino 3-methyl imidazole quinoline
to mutagenic intermediates in the Ames test (Bu-Abbas
et al 1994a). Induction of phase I and phase I enzymes
in livers of F344 rats receiving a 2 % solution of green or
black tea for six weeks was observed. Activity of CYP
1A1,CYP1A2,CYP2BI1 and UDP-glucuronosyl trans-
ferase was increased significantly but glutathione trans-
ferase was not (Bu-Abbas et al 1994t ; Sohn et al 1994
Katiyar & Mukhtar 1996b). Some in-vitro studies have
shown contradictory results. For example, when green
tea fractions were added to microsomes of Sprague-
Dawley rats, inhibition of several enzymes such as
ethoxyresorufin-O-deethlylase (CYP 1A), 7-ethoxy-
coumarin-O-deethylase (CYP 1A) and arylhydrocarbon
hydroxylase (CYP 1A) was observed (Wang et al 1994).
Decaffeinated green tea did not cause any induction
of CYP enzymes (Chen et al 199¢). Treatment with
(—)-epigallocatechin gallate, the major and putative
active component of green tea, inhibited CYP 1A and
2Bl (Sinha et al 1994).

In this study, green tea and black tea caused pref-
erential induction of hepatic CYP 1A2 vs CYP 1Al,
suggesting involvement of different mechanisms of in-
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duction. Pretreatment of rats with caffeine solution as
the sole source of drinking fluid for 21 days caused a
significant increase in the methoxyresorufin-O-deethyl-
ase (CYP 1A) activity similar to that seen with 2% tea
solutions, while decaffeinated green tea did not (Chen et
al 1996). Those authors suggested that previous reports
of CYP 1A2 induction could be due to the effect of
caffeine and not due to tea polyphenols. The Madura
tea used in our study, confirmed as caffeine free, in-
creased CYP 1A2 activity similar to that of green tea
extract (0.5 %) and other green teas. This suggested that
the causative agent for increase in CYP 1A activity
could be due to polyphenols.

Glutathione-S-transferase activity (GST) was signifi-
cantly increased in rats receiving different green teas.
Glutathione conjugation is probably the most effective
means of detoxification of reactive intermediates
(Wilkinson & Clapper 1997). It is noteworthy that
pretreatment with the same teas did not cause any
increase in activity of another carcinogen-detoxifying
enzyme, glucuronosyl transferase. The possibility that
other forms of glucuronosyl transferase, not monitored
by the substrates used, have been modulated cannot be
excluded. As the UDP-glucuronosyl transferases are
a multi-gene family subject to differential regulation by
inducers (lephly & Burchell 1990), it is reasonable to
infer that the effect of tea may reflect differential modu-
lation of isoforms. This aspect of the results of this study
is different from a few earlier reports where an increase
in UDP-glucuronosyl transferase activity was observed
but not GST (Bu-Abbas et al 1994b; Sohn et al 1994).
However, there are previous reports of a significant
increase in the activity of GST, glutathione peroxidase,
catalase and quinone reductase after feeding mice with
green tea or green tea polyphenols (Khan et al 1992;
Katiyar et al 1993). It is possible that such differences in
activity of phase II enzymes among those studies could
be attributed to the variability in the content of the
polyphenols and other flavonoids in the tea preparation
from different geographical locations. It could also be
attributed to the differences among species and strains
of the experimental rodents in the susceptibility of their
enzymes towards modulatory effect and capacity of tea
constituents.

The results from rat plasma lipid analysis in this study
were in agreement with previous reports showing the
beneficial effects of tea on the plasma lipid profile. Tea
polyphenols have been shown to have a hypo-
cholesterolaemic effect in experimental animals by
markedly lowering lymphatic cholesterol absorption
and increasing faecal excretion of cholesterol and total
lipids in cholesterol-fed rats (Muramatsu et al 198¢). Tea
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polyphenols are powerful antioxidants, and thus may
play a role in the lowering of oxidation of low-density
lipoprotein-cholesterol with a consequent decrease in
risk of heart disease (Weisburger 1999t). However,
further studies with controlled and high fat diet in a
larger group of animals are required to investigate
potential hypolipidaemic effects of tea and its con-
stituents.

In conclusion, green tea may owe its anticarcinogenic
potential to its ability to modulate the initiation stage of
chemical carcinogenesis by affecting the enzyme systems
that catalyse the activation and detoxification processes.
It could be envisaged that the mutagenic and carcino-
genic process, and the ultimate risk of developing a
chemically-induced cancer, lie in the delicate balance
between phase I carcinogen activating enzymes and
phase II detoxifying enzymes. It is possible that teas
grown in different geographical locations or harvested
in different seasons may have a different pharmaco-
logical effect, which could probably be related to the
polyphenol content of the leaves.
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