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Abstract

Objective—To evaluate the chemopreventive potential of the black tea polyphenols Polyphenon-
B and BTF-35 during the preinitiation phase of 7,12-dimethylbenz[a]anthracene (DMBA)-induced
hamster buccal pouch (HBP) carcinogenesis.

Design—Hamsters were divided into 6 groups. Groups 2 and 3 animals received diet containing
Polyphenon-B and BTF-35 respectively, four weeks before carcinogen administration when they
were 6 weeks of age and continued until the final exposure to carcinogen. At 10 weeks of age,
animals in groups 1, 2 and 3 were painted with 0.5% DMBA 3 times a week for 14 weeks. Groups
4 and 5 animals were given Polyphenon-B and BTF-35 alone respectively as in groups 2 and 3.
Animals in group 6 served as control. All the animals were sacrificed after an experimental period
of 18 weeks. Phase | and phase Il xenobiotic-metabolizing enzymes and 8-hydroxy
deoxyguanosine (8-OH dG) in the buccal pouch and liver were used as biomarkers of
chemoprevention.

Results—Hamsters painted with DMBA showed increased expression of 8-OH-dG and
enhanced activities of phase | (CYP450; total as well as CYP1AL, 1A2 and 2B isoforms and
cytochrome bs) and phase 1l (GST and quinone reductase) xenobiotic-metabolizing enzymes with
increased immunohistochemical expression of CYP1A1, and CYP1B1 isoforms in the buccal
pouch. This was accompanied by increased phase | and decreased phase 11 enzyme activities in the
liver. Administration of Polyphenon-B and BTF-35 significantly decreased tumour incidence,
oxidative DNA damage, phase | enzyme activities as well as expression of CYP1Al and CYP1B1
isoforms, while enhancing phase Il enzyme activities in the buccal pouch and liver.

Conclusion—Our results provide a mechanistic basis for the chemopreventive potential of black
tea polyphenols. Furthermore, the greater efficacy of BTF-35 in chemoprevention of HBP
carcinomas Vvia inhibition of oxidative DNA damage and modulation of xenobiotic-metabolizing
enzymes may have a major impact in human oral cancer prevention.
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University, Annamalainagar-608 002, Tamil Nadu, India, Tel: +91-4144-239842, Fax: +91-4144-238145/238080,
s_nagini@yahoo.com, snlabau@gmail.com.
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Introduction

Cancer, the second most common cause of death worldwide, results as a consequence of
mutations that arise spontaneously or induced by the environment (1). A large proportion of
environmental carcinogens require metabolic activation by phase | and phase Il xenobiotic-
metabolizing enzymes (XME) to exert their carcinogenic effects. Cytochrome P450s, a
family of phase | hemoproteins, catalyse the functional activation of various procarcinogens
to highly reactive proximate carcinogens. The proximate carcinogen can interact directly
with cellular DNA to form adducts resulting in chromosomal abnormalities that eventually
culminate in neoplastic transformation. Phase 11 enzymes that detoxify pro- and proximate
forms of chemical carcinogens decrease DNA damage (2). The co-ordinated expression and
regulation of XME may be an important contributing factor in determining susceptibility to
cancer (3). Recent efforts to control the incidence of environmentally induced cancers have
therefore focused on identifying chemopreventive agents that modulate XME (4).

Chemoprevention by dietary agents including fruits, vegetables and beverages has received
growing attention in recent years as a promising strategy for cancer prevention (5). Tea
made from the leaves of Camellia sinensis is one of the most widely consumed beverages
next to water. About 3 billion kilograms of tea are produced and consumed annually, of
which black tea accounts for nearly 80 per cent. The predominant consumption of black tea
has stimulated interest in its possible beneficial effects. Many health benefits of black tea are
mainly attributed to the dimeric flavanols and polymeric polyphenols such as theaflavins
and thearubigins. Black tea polyphenols are known to exert a wide range of pharmacological
effects including antioxidative, antimutagenic and antiproliferative activities (6). Since
epidemiological studies on black tea consumption and cancer prevention have not been
conclusive, current research efforts have focused on establishing the chemopreventive
potential of black tea polyphenols in experimental animal models of carcinogenesis. The
tumour inhibitory effects of black tea polyphenols have been demonstrated in a wide range
of animal tumour models including lung, colon, and skin (7). However, there is paucity of
information on the mechanism of the chemopreventive efficacy of black tea polyphenols in
experimental oral carcinogenesis especially with reference to DNA damage and XME.

The hamster buccal pouch (HBP) carcinogenesis model is an excellent animal system for
investigating the efficacy of chemopreventive agents on oral carcinogenesis. HBP
carcinomas induced by the application of 7,12-dimethyl-benz[a]anthracene (DMBA) to the
cheek pouch of Syrian hamsters closely mimic oral squamous cell carcinomas at the
morphological, biochemical, cytogenetic and molecular levels (8,9) We have used this
model extensively to document the chemopreventive efficacies of several functional foods
and diet-derived agents (10,11). Recently, we demonstrated the modulatory effects of black
tea polyphenols on reactive oxygen species (ROS)-induced lipid and protein oxidation as
well as the status of antioxidants during DMBA-induced HBP carcinogenesis (12,13).

The present study was designed to evaluate the chemopreventive potential of dietary
administration of black tea polyphenols, Polyphenon-B (a mixture of black tea polyphenols)
and BTF-35 (a well-characterized black tea extract enriched with theaflavins and catechins)
during the preinitiation phase of DMBA-induced HBP carcinogenesis using the status of
phase | (cytochrome P450; total as well as CYP1A1, 1A2 and 2B isoforms and cytochrome
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bs) and phase 11 (glutathione S-transferase [GST] and quinone reductase) biotransformation
enzymes in the buccal pouch and liver as biomarkers. In addition, the expression of
CYP1A1l and CYP1BL1 as well as 8-hydroxy deoxyguanosine (8-OHdG), a sensitive and
useful marker of oxidative DNA damage was also analysed by immunohistochemical
localization.

Materials and methods

Chemicals

Bovine serum albumin, cytochrome C, 1-chloro-2,4-dinitrobenzene (CDNB), 2,6-
dichlorophenolindophenol (DCPIP), DMBA, 3,3’-diaminobenzidine (DAB), 7-
ethoxyresorufin, methoxyresorufin, pentoxyresorufin, reduced glutathione (GSH), reduced
nicotinamide adenine dinucleotide (NADH), reduced nicotinamide adenine dinucleotide
phosphate (NADPH), resorufin and sodium dithionite were purchased from Sigma Chemical
Company (St. Louis, USA). 8-OH-dG, mouse monoclonal antibody was purchased from
JalCA, Shizuoka, Japan. CYP1AL, mouse monoclonal antibody was generously provided by
Dr. Stegeman, Woods Hole Oceanographic Institute (WHOI), USA and Dr Gelboin,
National Cancer Institute (NCI), USA. CYP1B1 antibody was purchased from Santa Cruz
Biotechnology, CA, USA. Polyphenon-B and BTF-35 were kindly provided by Mitsui Norin
Co., Ltd., Tokyo, Japan. The composition of Polyphenon-B and BTF-35 are given in table I.
All other reagents used were of analytical grade.

Animals and diet

The experiment was carried out with male Syrian hamsters aged 6—10 weeks weighing
between 90-110g obtained from the Central Animal House, Annamalai University, India.
Animals housed six to a polypropylene cage were provided food and water ad libitum and
maintained under controlled conditions of temperature and humidity with an alternating 12
hours light/dark cycle. The animals were maintained in accordance with the guidelines of
the Indian Council of Medical Research, and approved by the ethical committee, Annamalai
University. The experimental diet was prepared every day by mixing black tea polyphenols
to preweighed standard pellet diet (Mysore Snack Feed, Mysore, India) at a concentration of
0.05%. The standard pellet diet contains crude protein (22.12%), crude oil (4.12%), crude
fibre (3.18%), ash (5.17%) and sand silica (1.13%) with energy value of 3625 kcal/kg. The
diet was replenished every day and the food consumption was recorded.

Treatment schedule

The hamsters were randomized into experimental and control groups and divided into 6
groups of 6 animals each. Animals in groups 2 and 3 received diet containing 0.05% of
Polyphenon-B and BTF-35 respectively four weeks before carcinogen administration when
they were 6 weeks of age and continued until the final exposure to carcinogen. At 10 weeks
of age, the hamsters in groups 1 to 3 were painted with a 0.5% solution of DMBA in liquid
paraffin on the right buccal pouches using a number 4 brush three times a week for 14
weeks. Each application leaves approximately 0.4mg DMBA (8). Hamsters in group 1
received no further treatment. Animals in groups 4 and 5 received Polyphenon-B and
BTF-35 alone respectively as in groups 2 and 3. Group 6 animals received basal diet and
served as control. The dose for black tea polyphenols used in the present study corresponds
to the daily intake of four cups of tea (30-40mg of tea polyphenols per kilogram body
weight by humans) (14). The experiment was terminated at the end of 18 weeks and all
animals were sacrificed by cervical dislocation after an overnight fast. Before an animal was
killed, the right buccal pouch was grossly inspected to evaluate premalignant lesions or
tumour development and photographed. The tumour burden was calculated by multiplying
the mean tumour volume (4/3 rtr3) (r= % tumour diameter in mm) with the mean number of
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tumours. The buccal pouch tissues were subdivided and variously processed for distribution
to each experiment.

Immunohistochemistry

The tissue sections were deparaffinised by heat at 60°C for 10 minutes, followed by three
washes in xylene. After gradual hydration through graded alcohol, the slides were incubated
in citrate buffer (pH 6.0) for two cycles of 5 minutes in a microwave oven for antigen
retrieval. The sections were allowed to cool for 20 minutes and then rinsed with Tris-
buffered saline (TBS). The sections were treated for 15 minutes with 3% H,O5 in distilled
water to inhibit endogenous peroxidase activity. Non-specific antibody binding was reduced
by incubating the sections with normal goat serum for 25 minutes. The sections were then
incubated with 8-OH-dG, CYP1A1 (mouse monoclonal antibody) and CYP1B1 (rabbit
polyclonal antibody) at room temperature for one hour. The slides were washed with TBS
and then incubated with anti-mouse and anti-rabbit biotin-labelled secondary antibodies
followed by streptavidin-biotin-peroxidase for 30 minutes each at room temperature. The
immunoprecipitate was visualized by treating with DAB and counterstaining with
haematoxylin. For negative controls, the primary antibody was replaced with TBS. Positive
controls were also processed simultaneously. The immunohistochemical data for CYP1AL,
CYP1B1 and 8-OHdG were expressed as the number of cells with positive staining per 100
counted cells.

Preparation of tissue homogenate

Fresh tissues were used for biochemical estimations. The buccal pouch and liver tissues after
weighing were homogenized in an all glass homogenizer with Teflon pestle and stored in ice
until use.

S9 fraction preparation

The S9 fraction has been extensively used to investigate the metabolic conversion of various
compounds (15-17) because it requires only small amounts of sample, and is obtained
during the early stages of fractionation. Furthermore, it provides more metabolic information
than the microsomal fraction because it contains both microsomal and cytosolic enzymes.

All the steps for the preparation of S9 fraction were carried out at 4°C as described by Ames
et al (17). The buccal pouch and liver tissues after weighing were washed with cold 0.15M
KCI and homogenized in 3 volumes of 0.15M KCl in an all glass homogenizer with Teflon
pestle. The homogenate was centrifuged for 10 minutes at 9000 x g and the supernatant so
collected is the S9 mix fraction. The biochemical analyses were carried out immediately.

Biochemical assays

Cytochrome P450 and cytochrome bg content were assayed by the method of Omura and
Sato (23). Cytochrome P450 was determined by using the carbon monoxide difference
spectra. Reduced cytochrome P450 combines with carbon monoxide to yield a pigment with
an absorbance maximum at 450nm. Cytochrome bg was measured from the difference
spectrum between reduced and oxidized cytochrome bs The ethoxyresorufin-O-deethylase
(EROD), methoxyresorufin-O-demethylase (MROD) and pentoxyresorufin-O-depentylase
(PROD) activities were assayed as described by Baer-Dubowska et al (19) and Burke et al
(20). The activity of GST was determined as described by Habig et al (21) by following the
increase in absorbance at 340nm using CDNB as the substrate. The activity of quinone
reductase was assayed as described by Ernster (22). This method involves measurement of
reduction at 550nm using NADPH as the electron donor and 2,6-dichlorophenolindophenol
as electron acceptor. The protein content was estimated by the method of Lowry et al (23).
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Statistical analysis

Results

The data are expressed as mean + standard deviation. Tumour incidence and tumour burden
were analysed by y2-test and Student’s t test respectively. Statistical analyses on the data for
body weights, biochemical assays and immunohistochemical staining of 8-OH-dG, CYP1Al
and 1B1 isoforms were analysed using analysis of variance (ANOVA) and the group means
were compared by the Tukey’s test. The results were considered statistically significant if
the p value was < 0.05.

Table 11 shows the mean body weight, tumour incidence, tumour burden and SCCs in the
buccal pouch of experimental and control animals. Hamsters in group 1 showed a tendency
to be lower in body weight during the experiment and the mean final weights were
decreased significantly (p<0.05) compared to control (group 6). At the end of the
experimental period, the tumour incidence in group 1 was 100 per cent with a mean tumour
burden of 127mm3. Administration of Polyphenon-B and BTF-35 effectively suppressed the
development of HBP carcinomas. In group 2 animals Polyphenon-B effectively decreased
the incidence of SCC to 17 per cent with a mean tumour burden of 8.3 mm3 compared to
group 1. No tumours were observed in animals treated with DMBA and BTF-35 (group 3).
In groups 4-6, the epithelium was normal, intact and continuous.

Immunohistochemical findings

Figures 1 and 2 show the expression of CYP1A1, CYP1B1 and 8-OH-dG in the buccal
pouch and liver of control and experimental animals. In DMBA painted hamsters, the
expression of CYP1A1, CYP1B1 and 8-OH-dG in the pouch and liver tissues was
significantly higher than in control animals (group 6). Although administration of
Polyphenon-B (group 2) and BTF-35 (group 3) significantly decreased protein expression in
both the tissues as compared to group 1, BTF-35 was more effective. No significant changes
in the expression of CYP isoforms and 8-OH-dG were observed in animals administered
Polyphenon-B and BTF-35 alone (groups 4 and 5) as compared to control.

Biochemical findings

The activities of total cytochrome P450, CYP1A1, CYP1B1 and cytochrome bs in the S9
fraction of buccal pouch and liver of experimental and control animals are presented in
figure 2. Total cytochrome P450 and its isoforms CYP1A1, 1A2 and 2B as well as
cytochrome bs were significantly increased in the pouch and liver of DMBA-painted
animals (group 1) compared to control (group 6). Dietary administration of black tea
polyphenols significantly decreased phase | enzyme activities compared to group 1 with a
greater decrease in hamsters administered BTF-35 (group 3) compared to those administered
Polyphenon-B (group 2). Treatment with black tea polyphenols alone (groups 4 and 5) did
not produce any significant changes in phase | enzyme activities in the pouch and liver.

The effect of pretreatment with Polyphenon-B and BTF-35 on the activities of GST and
quinone reductase in the S9 fraction of buccal pouch and liver are shown in figure 3. In
DMBA treated animals (group 1), the activities of phase Il enzymes were significantly
increased in the buccal pouch and significantly decreased in the liver compared to control
(group 6). Dietary administration of BTF-35 (group 3) increased phase Il enzyme activities
more significantly than Polyphenon-B (group 2) as compared to group 1. Administration of
Polyphenon-B and BTF-35 alone (groups 3 and 4) significantly enhanced enzyme activities
compared to those of group 6.
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Discussion

DMBA, a pluripotent polycyclic aromatic hydrocarbon (PAH), has been extensively used to
induce a wide range of epithelial tumours. Humans are exposed to PAHs like DMBA
through tobacco smoke reported to contain 3800 chemicals, of which PAHSs are one of the
most biologically active compounds responsible for oral cancer development (24). Studies
relating DNA adduct profiles in cancer tissues as well as genetic polymorphisms of XME to
smoking history have revealed that individual variations in carcinogen metabolism and DNA
repair play a major role in cancer susceptibility (25,26).

In the present study, topical application of DMBA to the hamster buccal pouch for 14 weeks
resulted in well-differentiated squamous cell carcinomas (SCCs) associated with an increase
in XME activities as well as 8-OHdG, an oxidative DNA base. PAHSs such as DMBA are
bifunctional inducers that induce both phase | and phase Il detoxifying enzymes via the
arylhydrocarbon receptor that binds to xenobiotic response elements of phase | and phase 1l
enzyme genes, transactivating these genes (2,27,28). DMBA, a procarcinogen is
metabolized by the consecutive actions of cytochrome P450 and epoxide hydrolase to the
ultimate carcinogen 7,12-DMBA 3,4-diol 1,2-epoxide (29). Cytochrome b5, a ubiquitous
electron transport protein, enhances the catalytic efficiency of cytochrome P450 (30).
Increased expression of CYP1AL observed in tumour bearing hamsters in the present study
underscores the importance of this enzyme in the metabolic activation of DMBA in the well-
oxygenated buccal pouch. Although the major function of CYP1ALl is to detoxify
hydrophobic PAHs, high CYP1A1 activity could result in the accumulation of toxic PAH
intermediates. Previously CYP1A1 was considered as the sole enzyme responsible for
metabolic activation of most of the PAHs. Subsequent experiments on CYP isoforms
established that CYP1B1 also activates PAHSs at rates similar to or even higher than
CYP1AL in experimental animals (31). Furthermore, studies with CYP1B1-knockout mice
have shown the critical role of CYP1B1 in DMBA-induced tumorigenesis (32).

GSTs, a multigene family of phase 11 detoxifying enzymes, together with quinone reductase,
a ubiquitous flavoprotein, favour the elimination of functionalised P450 metabolites (33,34).
Phase 11 enzymes are generally induced concomitantly with phase | enzymes. Although
DMBA is detoxified by the combined action of phase | and phase Il enzymes, some of the
diol epoxide derivatives of DMBA that have escaped detoxification can bind to DNA
causing mutations in growth sensitive oncogenes (35). 8-OH-dG that arises due to oxidative
DNA damage can cause G to T and A to C mutations and is thus likely to be involved in the
transformation of normal cells to a malignant phenotype (36). A higher frequency of Gto T
transversion has been documented in animals exposed to PAH carcinogens (37). The
enhanced activities of phase | and 11 enzymes as well as increased expression of 8-OH-dG
seen in HBP tumours in the present study corroborate overexpression of these enzymes and
oxidative DNA damage reported in cell lines and malignant tumours (26,38,39).

In contrast to the buccal pouch, in the liver of tumour bearing animals, the increase in phase
I enzymes was accompanied by a decrease in phase Il enzymes. The increase in hepatic
cytochrome P450 (total as well as isoforms CYP1A1, CYP1A2 and CYP2B), and
cytochrome bs activity may be attributed to metabolic activation of DMBA in the liver in
addition to the buccal pouch. Hepatic metabolism of PAHSs is known to produce short-lived
electrophiles that can cause DNA damage in extrahepatic tissues. Proximate mutagens
produced in the liver are suggested to be transported to the target tissue for final metabolic
activation to form ultimate DNA-reactive metabolites (40). Deficient DNA repair and
detoxification systems in the target tissue can cause permanent DNA damage and increase
cancer risk. Thus enhanced hepatic CYP enzyme expression with compromised phase Il
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detoxification system seen in the present study may play a critical role in extrahepatic
carcinogenesis.

Dietary administration of Polyphenon-B and BTF-35 starting from 4 weeks before initiation
of DMBA treatment significantly suppressed tumour incidence in the HBP. These results are
consistent with the chemopreventive effects of black tea reported by other workers. Dietary
intake of black tea extract is known to protect against azoxymethane (AOM)-induced colon
carcinogenesis (14). Oral administration of black tea preparations has been documented to
inhibit N-nitrosomethylbenzylamine-induced esophageal tumorigenesis (41). Cao et al (42)
reported the chemopreventive efficacy of black and green tea on diethylnitrosamine induced
pulmonary and hepatic carcinogenesis. Several other studies have revealed that black tea is
effective at initiation, promotion and progression stages of carcinogenesis (6,43).

The modulatory effects of Polyphenon-B and BTF-35 on XME and inhibition of DNA
damage observed in the present study may be a key determinant in inhibiting DMBA-
induced cancer initiation in the HBP. Polyphenon-B and BTF-35 function as dual-acting
agents by inhibiting phase | enzymes while simultaneously enhancing phase 11 detoxification
enzyme activities in the buccal pouch as well as in the liver. Dual-acting agents are effective
as chemopreventive agents because they inhibit metabolic activation of carcinogens and
promote detoxification and excretion (4). In particular, inducers of phase 11 detoxification
enzymes are currently under active investigation as cancer chemopreventive agents. Several
in vitro studies have shown the modulatory effects of black tea on XME. Krishnan and Maru
(44) documented the inhibitory effect of polymeric black tea fractions on cytochrome P450
isoenzymes in rat liver microsomes. Black tea infusion was found to induce activities of
GST and quinone reductase in cell lines and animal tumour models (45,46). Recently, we
demonstrated the potent radical scavenging effects of Polyphenon-B and BTF-35 both in
vitro and in vivo [47]. We speculate that Polyphenon-B and BTF-35 prevent oxidative DNA
damage as reflected by reduced formation of 8-OHdG adducts in the buccal pouch by
scavenging ROS generated during metabolic activation of DMBA.

The protective effect of Polyphenon-B and BTF-35 against DMBA-induced HBP
carcinogenesis may be attributed to the polyphenolic constituents such as tannins, catechins
and theaflavins. Tannin has been reported to inhibit CYP2E1, GST and QR in mouse liver,
while increasing GST activity in the kidney (19,50). The catechin, EGCG, was found to
inhibit the activities of CYP4501A1 and 2B1, during 4-(methyl nitrosamine)-1-(3
pyridyl)-1-butanone-induced lung tumorigenesis in A/J mice (48). Theaflavin, a dimeric
black tea polyphenol, was demonstrated to inhibit CYP450-dependent bioactivation of
carcinogens, enhance phase Il metabolizing enzymes and exert antimutagenic effects by
suppressing aryl hydrocarbon receptor (AhR) transformation (49-52). Phase Il clinical trials
with EGCG have shown diminished oxidative DNA damage in individuals at high risk for
liver cancer (53). Taken together, these findings provide evidence for the anticarcinogenic
effect of black tea polyphenols.

Although both PB and BTF-35 exerted inhibitory effects against HBP carcinogenesis,
BTF-35 was more effective than Polyphenon-B in reducing tumour burden, modulating
phase | and Il biotransformation enzymes and inhibiting DNA damage. The mechanisms
underlying the higher efficacy of BTF-35 compared to Polyphenon-B remain unclear. We
suggest that the greater inhibitory effect of BTF-35 may be due to the higher content of
theaflavins and catechins such as EGCG and ECG compared to Polyphenon-B. However,
further studies on the protective effects on different animal tumour models and signal
transduction pathways are warranted for validating the chemopreventive potential of
BTF-35.
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Figure 1. Photomicrographs of immunohistochemical staining of CYP1A1, 1B1 and 8-OH-dG
expression in the buccal pouch and liver of control and experimental animals (20X)

A Overexpression of CYP1AL, 1B1 and 8-OH-dG in the pouch and liver tissues of DMBA
treated animals (group 1)

B, C Downregulation of CYP1A1, B1 and 8-OH-dG in the pouch and liver tissues of
DMBA+P-B and DMBA+BTF-35 treated animals (groups 2 and 3 respectively)

D Normal expression of CYP1A1, B1 and 8-OH-dG in the pouch and liver tissues of
animals administered P-B and BTF-35 alone and control animals (Groups 4, 5 and 6
respectively)
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Figure 2. The expression of CYP1A1, CYP1B1 and 8-OH-dG in the buccal pouch and liver of

control and experimental animals

* Significantly different from group 6 (p<0.001) ANOVA followed by Tukey’s test
# Significantly different from group 1 (p<0.05) ANOVA followed by Tukey’s test

#4 Significantly different from group 1 (p<0.01)

A 44 Significantly different from group 1 (p<0.001)
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Figure 3.

Activities of phase | enzymes in the S9 fractions of the buccal pouch and liver of
experimental and control animals. (mean £ SD; n=6)

* Significantly different from group 6 (p<0.001) ANOVA followed by Tukey’s test
# Significantly different from group 1 (p<0.05) ANOVA followed by Tukey’s test
# 4 Significantly different from group 1 (p<0.01)

A4 Significantly different from group 1 (p<0.001)

a - nmoles of cytochrome

b - pmoles resorufin/min

¢ - nmoles of cytochrome
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Figure4.

Activities of phase Il enzymes in the S9 fractions of the buccal pouch and liver of
experimental and control animals. (Mean = SD; n=6)

* Significantly different from group 6 (p<0.05) ANOVA followed by Tukey’s test
** Significantly different from group 6 (p<0.01)

*** Significantly different from group 6 (p<0.001)

# Significantly different from group 1 (p<0.05) ANOVA followed by Tukey’s test
# 4 Significantly different from group 1 (p<0.01)

a - pmoles of CDNB conjugated with reduced glutathione per min

b - pmoles of DCPIP reduced per min
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Composition of Polyphenon-B and BTF-35

Table |

Polyphenalic constituents

Polyphenon-B (% w/w)

BTF-35 (%ow/w)

Epigallocatechin (EGC)
Epicatechin (EC)
Epigallocatechin gallate (EGCG)
Epicatechin gallate (ECG)
Gallocatechin gallate (GCG)
Catechin gallate (CG)
Catechin (C)

Free theaflavin
Theaflavinmonogallate-A
Theaflavinmonogallate-B
Theaflavindigallate

Tannin

Caffeine

0.4
1.4
0.1
0.2

0.32
0.14
0.15
0.24
35.6
49

0.1
0.2
2.6
2.1
0.3
0.1
0.1
7.1
8.3
2.6
9.8

0.5

The composition of Polyphenon-B and BTF-35 was kindly provided by Mitsui Norin Co., Ltd., Japan.
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