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Cancer Chemoprevention by Tea Polyphenols

Introduction

   Tea from Camelia sinensis L (Theaceae family) is one of
the most ancient beverages, consumed by over two-thirds
of the world’s population. The principal constituents are
caffeine, tannins and essential oils. Tannins comprise of a
variety of polyphenolic compounds - most important of these
are flavonoids called catechins. Tea is classified on the basis
of the extent of enzymatic reactions which occur during the
manufacture into green tea (non-fermented), black tea
(fermented) and paochong or oolong tea (specially treated
and semi-fermented).  Green  tea  contains  higher  amounts
of catechin derivatives, such as (-)-epicatechin (EC), (-)-
epigallocatechin (EGC) and their gallates (ECG and EGCG).
During the production of black tea, some of the catechins
are converted to theaflavins (TF) and thearubigins (TR) by
enzymatic oxidation and coupling reactions. Catechins and
their derivatives are known to contribute towards the flavour
of tea while tea aroma is dependent on thr presence of
different volatile compounds. Theaflavins (TF) are
responsible for briskness and brightness and thearubigins
(TR) for color and body or strength (mouth feel). Caffeine
is responsible for the stimulating effect of tea and the cancer
chemopreventive action of tea is mainly due to its
polyphenolic content.
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    Considerable evidence is now available showing that tea infusions can prevent tumor induction in experimental
animals by a variety of chemical carcinogens. Such an action is mainly attributed to the polyphenolic constituets of
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death by cytotoxic drugs.
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   While a protective role of green tea against human cancers
is evident from a number of epidemiological studies, the
data on black tea are inadequate and limited (Katiyar and
Mukhtar, 1996; Kohlmeier et al., 1997; Fujiki et al., 1998;
Chen, 1999). It is well known now that tea infusions prevent
tumor induction in experimental animals by a variety of
chemical carcinogens (see review by Siddiqi and Das, 1999).
Such an action is attributed to the polyphenolic content of
tea infusions (Stoner and Mukhtar, 1995; Fujiki et al., 1997;
Ahmad et al., 1998; Fujiki et al., 1999; Chen, 1999). The
catechins ECG and EGCG are the most active agents among
the polyphenols (Katiyar and Mukhtar, 1996; Ahmad et al.,
1998) whereas EC is the least effective among the four
catechins on an equimolar basis (Han, 1997). It is, however,
apparent from the available data that the cancer
chemopreventive activity of tea is a combined effect of
several active components. The action of EGCG in the
presence of EC (Suganama et al., 1999), and that of whole
green tea infusion shows a more efficient cancer preventive
activity than EGCG alone.

   The consumption of green tea has also been found to
enhance the antitumor activity of sulindac and tamoxifen
(Suganama  et al., 1999). This helps in reducing the
therapeutic doses of these drugs so that the accompanied
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toxic effects. In addition, theanin, an amino acid present in
green tea shows similar effect on the action of adriamycin
used in the treatment of cancer (Sadzuka et al., 1996; 1998).
It has been suggested that green tea extract enhances the
effect of antimetabolites in cancer chemotherapy (Zhen et
al., 1991). The green tea extracts and EGCG are also known
to display anti-metastatic properties  (Taniguchi et al., 1992;
Sazuka et al., 1995; Fujiki et al., 1999).

Antioxidative Actions

     It  is well recognized that oxidative stress generates
reactive oxygen species that are capable of damaging
mammalian cells. The antioxidants and antioxidant enzymes
tend to protect cells from such a damage. The phenolic
flavonoids are known to have antioxidant activity due to
their radical scavenging function (Rafat et al., 1987; Salah
et al., 1995). Both green as well as black tea exhibit
antioxidative properties due to the polyphenolic content (
Xie et al., 1993; Ho et al., 1994; Evans and Miller, 1995;
Sarafini et al., 1996; Robinson et al., 1997; Klaunig et al.,
1999; Rice-Evans, 1999). It has been shown that green tea
infusion, ECG and EGCG markedly retard copper-catalyzed
peroxidation of low-density lipoproteins (Yokozawa and
Doug, 1997) and also scavenge free radicals responsible for
lipid peroxidation in rat heart mitochondria (Hong et al
1994). The tea polyphenols are strong scavengers of
superoxide anions and hydroxy radicals (Zhao et al., 1989;
Suzuki et al., 1991; Osawa et al., 1990; Okuda et al., 1994).
Green tea along with other supplements has also been shown
to exhibit scavenging action of reactive oxygen species
(Kumari et al., 1996). In addition, the susceptibility of low-
density lipoprotein to oxidative modification dramatically
improves in presence of tea flavonoids (Ishikawa et al.,
1997). EGCG also reduces inflammation-induced generation
of peroxynitrate radical and nitrite (Chan et al., 1995). The
oxidative damage to DNA generates 8-hydroxy-2´-
deoxyguanosine that is used as a plasma or urinary marker
for exposure to chemical carcinogens or radiation. The in
vivo formation of such DNA-adducts is inhibited by the
antioxidants from green or black tea (Xu et al., 1992;
Bhimani et al., 1993; Inagake et al., 1995; Fiala et al., 1996;
Klaunig et al., 1999; Chung et al., 1999).

   The polyphenols from green tea not only show
antioxidative action but also exhibit the ability to induce
antioxidant enzymes such as glutathione peroxidase,
glutathione reductase, catalase, quinone reductase and
superoxide dismutase in various tissues (Khan et al., 1992;
Yin et al., 1994). These enzymes are known to efficiently
quench the oxidative burden minimizing damage to cells.

Effects on Carcinogen Metabolism

    It is now well established that procarcinogens are
metabolized by cytochrome P-450 containing microsomal
monooxygenases (phase I enzymes) to yield highly reactive

electrophilic species that react with DNA and other cellular
macromolecules involved in the initiation of carcinogenic
process. The metabolic activation of carcinogens can be
inhibited by a variety of phenolic flavonoids including
epicatechins (Firozi et al., 1986; Shah and Bhattacharya,
1986; Bhattacharya and Firozi, 1988;  Bhattacharya and
Firozi, 1990;  Firozi and Bhattacharya, 1995). It has been
found that sub-chronic doses of tea induces specific enzymes
of the cytochrome P-450 class, including cytochrome P-450
1A1, 1A2 and 2B1, but do not affect other phase I enzymes
(Sohn et al., 1994; Bu-Abbas et al., 1994; Chen et al., 1996;
Dashwood, 1999). Although the administration of tea
extracts accelerates generation of reactive carcinogen
metabolites, the products are also detoxified faster as a result
of simultaneous induction of phase II enzymes. Thus, oral
feeding of green tea polyphenols to mice significantly
increased the activity of glutathione S-transferase (Khan et
al., 1992; Dashwood et al., 1999) and stimulated hepatic
UDP-glucuronosyl  transferase activity in rats (Bu-Abbas
et al., 1995).

   Polyphenols are also known to inhibit the metabolism-
dependent formation of DNA adducts by polycyclic aromatic
hydrocarbons (Wang et al., 1989). Similarly, the formation
of DNA adducts of tobacco specific nitrosamines (Xu et al.,
1992) and food-borne carcinogens imidazoquinolines are
also inhibited by tea extract and its polyphenols (Xu et al.,
1996; Lin et al., 1998).  Catechin feeding was found to result
in the inhibition of liver microsomal enzymes that are
required to activate the hepatocarcinogen aflatoxin B

1

(AFB
1
) for the formation of DNA adducts (Aboobaker  et

al., 1994). The same study also demonstrated catechin
induced cytosolic glutathione S-transferase activity that
stimulated the formation of specific AFB

1
-glutathione

conjugate. The formation of carcinogenic heterocyclic
amines due to the pyrolysis of proteins during cooking of
food can be inhibited by tea and its polyphenols (Weisburger
et al., 1994), whereas their activation was found to be
suppressed by prepared tea and EGCG (Dashwood et al.,
1999).

    A major source of human exposure to carcinogenic N-
nitroso compounds is through their endogenous formation
on nitrosation of secondary and tertiary amines. The tea
polyphenols have been shown to inhibit both in vitro and in
vivo nitrosation reactions (Stich et al., 1982; Xu et al., 1993)
that is believed to occur due to their own nitrosation
occurring during the course of such reactions.

Antimutagenic and Antigenotoxic Actions

     The antimutagenic activity of tea extracts and
polyphenols including ECG and EGCG against various
mutagens and carcinogens has been demonstrated using
microbial systems (Salmonella typhimurium and Escherichia
coli ), mammalian cells and in vivo animal tests (for review
see Kuroda and Hara, 1999). Using S. typhimurium TA 98
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and TA 100, the tea catechins ECG and EGCG have been
shown to inhibit the mutagenic activity of direct acting
mutagens (Okuda et al., 1984), whereas catechin and
epicatechin were found to be inactive (Francis et al 1989a).
The extracts of both green and black tea decreased the
mutagenic activity of N-methyl-N’-nitro-N-nitrosoguanidine
(MNNG) in E. coli WP2 in a desmutagenic manner. The
EGC from green tea leaves and the low molecular weight
tannin fraction isolated from black tea extract were also
found to exhibit inhibitory effects against the mutagenic
activity of MNNG (Jain et al., 1989). The tea extract given
orally to rats prior to MNNG was found to significantly
reduce the intragastric mutagenic activity of the carcinogen
although simultaneous administration showed a reduced
effect. The epicatechin was also shown to decrease the
metabolism-dependent mutagenicity of AFB

1
 in S.

typhimurium TA100 but not in TA98, while catechin was
ineffective in both strains (Francis et al., 1989b). The
antimutagenic activity of several polyphenolic compounds
from green tea has been confirmed (Kada et al., 1985; Wang
et al., 1989; Mukhtar et al., 1992; Zhao et al., 1992) while
TFs  from  black tea  were  found  to  suppress the
mutagenicity  of  H

2
O

2
  in S. typhimurium TA104 (Shiraki

et al., 1994).

    Kuroda (1996) demonstrated the inhibitory effects of ECG
and EGCG against 6-thioguanine-resistant mutations
induced by 4-nitroquinoline-1-oxide in cultured Chinese
hamster V79 cells, suggesting that catechins may act in a
bio-antimutagenic manner. The tea tannins are shown to be
modifiers of induced sister-chromatid exchange and
chromosome aberrations in several mutagen-treated cultured
mammalian cells (Imanishi et al.,1991). The green tea whole
extract suppresses AFB

1
-induced chromosome aberrations

in bone marrow cells (Ito et al., 1989) and benzo[a]pyrene-
induced micronuclei formation in lymphocytes  (Sasaki et
al., 1993). Catechins were also found to inhibit tobacco-
specific nitrosamine-induced DNA single strand breaks in
rat hepatocytes (Liu and Castonguay, 1991).

Anti Tumor-promoting Effects

    One of the important actions of chemopreventive agents
occur through their ability to inhibit tumor promotion.
Several tea polyphenols are now known to exhibit significant
antitumor promoting activity directly or by inhibiting the
action of tumor promoters. Thus, EGCG inhibits tumor
promotion by telocidin in 7,12-dimethylbenz[a]anthracene
(DMBA)-induced skin tumor in mice (Yoshizawa et al.,
1987), while mouse skin tumor promotion by 12-O-
tetradecanoylphorbol-13-acetate (TPA) initiated by DMBA
was shown to be inhibited by green tea polyphenols (Katiyar
et al., 1992). Tea has also been shown to partially block the
promotion of DMBA-induced mammary tumorigenesis by
high fat diet (Rogers et al., 1998). The suppression of the
induced ornithine decarboxylase (ODC), cyclooxygenase
and lipoxygenase activities has been suggested to be the

possible mode of action by which polyphenols exert their
antitumor promoting effect. The topical application of green
tea polyphenol fraction resulted in the inhibition of TPA-
mediated tumor promotion (Huang et al., 1992) and ODC
activity (Huang et al., 1991; 1992). Significant inhibition of
TPA-induced epidermal ODC activity by tea polyphenols
has also been observed (Wang et al., 1990; Yang et al., 1998).
A recent study showed that testosterone-mediated induction
of ODC in human prostate carcinoma cell line is significantly
suppressed if the cells are pretreated with green tea
polyphenols (Gupta et al., 1999). Similar results have been
obtained in the ventral prostate of the tea polyphenol-fed
rats and mice administered with testosterone, suggesting
chemopreventing action of tea polyphenols against prostrate
cancer. An enhanced expression of epidermal interleukin-
1a mRNA by TPA and its suppression by green tea
polyphenols also indicates the anti tumor-promoting effect
of these compounds (Katiyar et al., 1995). It has been
postulated that EGCG and other compounds in green tea
block the interaction of tumor promoters, hormones and
growth factors with their receptors, which may account for
its observed anti tumor-promoting activity (Komori et al.,
1993).

Induction of Apoptosis

    Apoptosis or programmed cell death is a normal
physiological activity to allow elimination of abnormal cells
that are involved in maintaining homeostasis in living
system. The life span of both normal and cancer cells is
significantly affected by the rate of apoptosis (Fesus et al.,
1995). Thus, modulating apoptosis may prove to be an useful
approach in the management and prevention of cancer. Black
tea polyphenols, green tea extract and EGCG have been
shown to inhibit the growth of rat hepatoma, mouse
erythroleukemia and the growth of several human cancer
cell lines, such as MCF-7 breast carcinoma, HT-29 colon
carcinoma, A-427 lung carcinoma and UACC-375
melanoma (Lea et al., 1993; Valcic et al., 1996). The
induction of apoptosis by catechins has also been
demonstrated in human lymphoid leukemia cells  (Hibasami
et al., 1996). EGCG also shows the induction of apoptosis
and cell cycle arrest in human epidermoid carcinoma cells
A-431, human carcinoma keratinocytes HaCaT and human
prostrate carcinoma cells DU-145, but not in normal human
epidermal keratinocytes (Ahmad et al., 1997). In another
study, Chen et al. (1998) demonstrated growth inhibition by
EGCG in SV-40 virally transformed human fibroblast cells
WI38 through apoptosis but not in normal WI38 cells. In
the same study, a differential growth inhibition was observed
between a human colorectal cancer cell line Caco-2, a breast
cancer cell line Hs-578T, and their respective normal
counterparts. Tea polyphenols such as EGCG and ECG also
inhibit the growth of human lung cancer cell line PC-9
(Okabe et al., 1997). The study further demonstrated that
growth inhibition was accompanied by G2/M phase arrest
of the cell cycle (Fujiki et al., 1998). Moreover, the inducing
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effect of EGCG on apoptosis has been shown to be enhanced
by several cancer preventive compounds such as sulindac
and tamoxifen (Suganama et al., 1999). These authors
presented substantial evidence that green tea extract is a
more effective mixture of polyphenols for cancer prevention
than EGCG and that apoptosis being mediated better through
enhanced incorporation of tea polyphenols into the cells.

    The exposure of human stomach cancer cells KATO III
to black tea extracts and TFs resulted in growth inhibition
and induction of apoptosis with characteristic DNA
fragmentation (Hibasami et al., 1998a). Similar observations
were made using green tea extracts and EGCG (Hibasami
et al., 1998b). The growth inhibition by various tea
polyphenols has been demonstrated in human lung cancer
cells H-661 and H-1299, although higher concentrations
were needed to produce the effect than were required to
achieve similar inhibition in tissues (Yang et al., 1998a;
1998b). Further studies by these authors indicate that tea
polyphenols induce production of H

2
O

2
 that in turn mediates

apoptosis leading to the growth inhibition (Yang et al.,
1998a).

Role in Signal Transduction

    The growth factors and their receptors, families of
membrane-associated protein  tyrosine  kinases  (PTK),
cytoplasmic  serine/threonine  protein  kinases,    G-proteins
and nuclear DNA-binding proteins are components of signal
transduction pathway involving transmission of messages
from the membrane to the nucleus and directing the cells to
divide or to differentiate (Cantley et al., 1991). A down
regulation of any of these components may transmit the
message to the nucleus for fragmentation and eventual
apoptosis. EGCG has been shown to interact with the
phospholipid bilayer membrane that causes TPA-mediated
activation of protein kinase C (PKC), a serine/threonine
protein kinase and a key element in the signal transduction
pathway (Nishizuka, 1992). In a recent study employing rat
aortic smooth muscle cells A7r5, Lu et al. (1998)
demonstrated that the membrane bound PTK activity
stimulated by serum is significantly inhibited by EGC
reducing the levels of many tyrosine-phosphorylated
proteins. The EGC also reduced the expression of c-jun
mRNA and inhibited phosphorylation of c-jun N-terminal
kinase 1 (JNK1). Yu et al. (1997) had also observed
considerable activation of mitogen activated protein kinases
(MAPK) as well as JNK1 when human hepatoma cells
HepG2 were treated with green tea polyphenols suggesting
increased mRNA levels of the immediate early genes c-jun
and c-fos. Although the implication of these findings is yet
unknown, the activation of the MAPK-pathway by tea
polyphenols may be a possible explanation for the observed
stimulation of the transcription of phase II detoxifying
enzymes through antioxidant-responsive element.
     The effect of tea polyphenol on the viability of Ehrlich
ascites tumor cells and its association with tyrosine

phosphorylation has been examined (Kennedy et al., 1998).
Although both EGC and EGCG were found to reduce the
cell viability, the EGCG showed stimulation of PTK activity.
On the other hand, Liang et al. (1997) observed inhibition
by EGCG of PTK activities associated with several growth
factor receptors in A-431 cells and also showed the blockage
of the binding of epidermal growth factor (EGF) to its
receptor. These results logically suggest tumor inhibitory
effect being mediated through blocking of signal transduction
pathways.

    The inhibition of EGF- or TPA-induced transformation
in a mouse epidermal cell line by EGCG and TFs was found
to be associated with inhibition of activated protein-1 (AP-
1)-dependent transcriptional activity and DNA binding
activity (Doug et al., 1997). The inhibition of AP-1 activation
occurs through the inhibition of JNK1-dependent pathway.
The downregulation of AP-1, the transcription factor which
is an association of the products of protooncogenes fos and
jun (Sassone-Corsi et al., 1988) is therefore considered to
be a sound therapeutic strategy against cancer (McCarty,
1998).

     EGC and EGCG inhibit the inducible NO-synthase
(iNOS) activity and block activation of transcription factor
NFkb, which is associated with the induction of iNOS (Lin
and  Lin, 1997). EGCG also inhibited interferon g-activated
iNOS and mRNA expression (Chan et al., 1997). EGCG was
found to inhibit tumor promoter okadaic acid-induced
expression of tumor necrosis factor (TNF) a gene and its
release in KATO III cells (Fujiki et al., 1999), PC-9 cells
(Fujiki et al., 1998) and in BALB/c-3T3 cells (Suganuma et
al., 1996; Suganuma et al., 1999). Since the reduction of
TNFa level is the key criterion of cancer preventing agents,
it could well be the mode of induction of apoptosis by EGCG.

Prospects for the Future

    Although considerable research has been carried out on
tea polyphenols and their chemopreventive role against
cancer, it is still not fully clear how these compounds exert
their action. Therefore, further experimentation is required
to ascertain as to how the tea polyphenols block the
enzymatic activation of carcinogens or protect DNA from
interaction with activated electrophilic metabolites. Since
tea polyphenols are unlikely to be effective therapeutic agents
against cancer, efforts should be directed to investigate if
the polyphenols can sensitize tumor cells to undergo
cytotoxic drug- or radiation-induced apoptosis. It is well
recognized that several tumor cells are known to be resistant
to killing by either radiation or cytotoxic drugs. These cells
also exhibit an over expression of certain genes, the products
of which such as p21ras and PKC that play an important
role in signal transduction pathways. Since the inhibitors of
p21ras and PKC are good contenders for reducing tumor
cell resistance, it would be vital to examine the effects of tea
polyphenols on the suppression of these gene products so



Asian Pacific Journal of Cancer Prevention, Vol 2, 2001113

Cancer Chemoprevention by Tea Polyphenols

References

Aboobaker VS, Balgi  A (neé Prabhu), Bhattacharya RK (1994).
In vivo effect of dietary factors on the molecular action of
aflatoxin B

1
: role of non-nutrient phenolic compounds on the

catalytic activity of liver fractions. In Vivo,  8, 1095-8.
Ahmad N, Katiyar SK, Mukhtar H (1998). Cancer

chemoprevention by tea polyphenols.  In ‘Nutrition and Chemical
Toxicity’ Ed Ioannides C. John Wiley & Sons Ltd., West Sussex,
pp 301-43.

Ahmad N, Feyes DK, Nieminen A-L, Agarwal R, Mukhtar H
(1997). Green tea constituent epigallocatechin-3-gallate and
induction of apoptosis and cell cycle arrest in human carcinoma
cells. J Natl Cancer Inst, 89, 1881-6.

Bhattacharya RK, Firozi PF (1988). Effect of plant flavonoids on
microsome  catalyzed reactions of aflatoxin B

1
 leading to

activation and DNA adduct formation. Cancer Letters, 39, 85-
91.

Bhattacharya RK, Firozi PF (1990). Interaction of polyphenols with
microsomal monooxygenase during carcinogen activation.
Groupe polyphenols, Vol. 15, Proc XVth International
Conference, Université Louis Pasteur, Strasbourg, pp 179-184.

Bhimani RS, Troll W, Grunberger D, Frenkel K (1993). Inhibition
of oxidative stress in HeLa cells by chemopreventive agents.
Cancer Res , 53, 4528-33.

Bu-Abbas A, Clifford MN, Ioannides C, Walker R (1995).
Stimulation of rat hepatic UDP-glucuronosyl transferase activity
following treatment with green tea. Food Chem Toxicol, 33, 27-
30.

Bu-Abbas A, Clifford MN, Walker R, Ioannides C (1994). Selective
induction of rat hepatic CYP1 and CYP4 proteins and of
peroxisomal proliferation by green tea. Carcinogenesis, 15, 2575-
9.

Cantley LC, Auger KR, Carpenter C, et al (1991). Oncogenes and
signal transduction. Cell, 64, 281-302.

Chan MM, Fong D, Ho CT, Huang H I (1997). Inhibition of
inducible nitric oxide synthase gene expression and enzyme
activity by epigallocatechin gallate, a natural product from green
tea. Biochem Pharmacol, 54, 1281-6.

Chan M, Ho CT, Huang HI (1995). Effect of three dietary
phytochemicals from tea, rosemary and turmeric on inflammation
induced nitrite production. Cancer Letters. 96, 23-9.

Chen L, Bondoc FY, Lee MJ, et al (1996). Caffiene induces
cytochrome P4501A2 : induction of CYP1A2 by tea in rats. Drug
Metab Disp, 24, 529-33.

Chen Z (1999). Pharmacological functions of tea. In ‘Global
Advances in Tea Science’ Ed Jain NK. Aravali Books nternational
(P) Ltd., New Delhi, pp 333-58.

Chen ZP, Schell JB, Ho CT, Chen KY (1998). Green tea

epigallocatechin gallate shows a pronounced growth inhibitory
effect on cancerous cells but not on their normal counterparts.
Cancer Letters, 129, 173-9.

Chung FL (1999). The prevention of lung cancer induced by a
tobacco specific carcinogen in rodents by green and black tea.
Proc Soc Exp Biol Med,  220, 244-8.

Dashwood RH, Xu M, Hernaez JF, et al (1999). Cancer
chemopreventive mechanisms of tea against heterocyclic amine
mutagens from cooked meat. Proc Soc Exp Biol Med, 220, 239-
43.

Dong Z, Ma W-Y, Huang C, Yang CS (1997). Inhibition of tumor
promoter induced  activator   protein activation and cell
transformation by tea polyphenols, (-)-epigallocatechin gallate
and theaflavins. Cancer Res, 57, 4414-9.

Evans RC, Miller NJ (1995). Antioxidants – the case for fruit and
vegetables in the diet. Brit  Food J, 97, 35-40.

Fesus L, Szondy Z, Uray I (1995). Probing the molecular program
of apoptosis by cancer chemopreventive agents. J Cell Biochem
(Suppl), 22, 151-61.

Fiala ES, Sodum RS, Bhattacharya M, Li H (1996). (-)-
Epigallocatechin gallate, a polyphenolic tea antioxidant, inhibits
peroxynitrate mediated formation of 8-oxo deoxyguanosine and
3-nitrotyrosine. Experientia , 9, 922-6.

Firozi PF, Bhattacharya RK (1995). Effect of natural polyphenols
on aflatoxin B

1
 activation in a reconstituted microsomal

monooxygenase system. J Biochem Toxicol, 10, 25-31.
Firozi PF,  Aboobaker VS, Bhattacharya RK (1986). Modulation

by certain factors of metabolic activation of aflatoxin B
1
 as

detected in vitro in a simple fluorimetric assay. Chem-Biol
Interact, 58, 173-84.

Francis AR, Shetty TK, Bhattacharya RK (1989a). Modification
of the mutagenicity of   aflatoxin B

1
 and N-methyl-N´-nitro-N-

nitrosoguanidine by certain phenolic compounds. Cancer Letters,
45, 177-82.

Francis AR, Shetty TK, Bhatacharya RK (1989b). Modifying role
of dietary factors on the mutagenicity of aflatoxin B

1
 : In vitro

effect of plant flavonoids. Mutat Res, 222, 393-401.
Fujiki H, Komori A, Suganama M (1997). Chemoprevention of

cancer. In  ‘Comprehensive Toxicology’ Eds Bowden GT and
Fischer SM. Pergamon Elsevier Sci, vol.12, London, pp 453-
71.

Fujiki H, Suganama M, Okabe S, et al (1998). Cancer inhibition
by green tea. Mutat Res, 402, 307-10.

Fujiki H, Suganama M, Okabe S, et al (1999). Mechanistic findings
of green tea as cancer preventive for humans. Proc Soc Exp Biol
Med, 220, 225-8.

Gupta S, Ahmad N, Mohan RR, Hussain MM, Mukhtar H (1999).
Prostate cancer  chemoprevention by green tea: in vitro and in
vivo inhibition of testosterone-mediated induction of ornithine
decarboxylase. Cancer Res, 59, 2115-20.

Han C (1997).  Screening of anticarcinogenic ingredients in tea
polyphenols. Cancer Letters, 114, 153-8.

Hibasami H, AchiwaY, Fujikawa T, Komiya T (1996). Induction
of programmed cell death (apoptosis) in human lymphoid
leukemia cells by catechin compounds, Anticancer Res, 16, 1943-
6.

Hibasami H, Komiya T, Achiwa Y, et al (1998a). Black tea
theaflavins induce programmed cell death in cultured human
stomach cancer cells. Int J Mol Med,  1, 725-7.

Hibasami H, Komiya T, Achiwa Y, et al (1998b). Induction of
apoptosis in human stomach cancer cells by green tea catechins.
Oncol Rep, 5, 527-9.

Ho CT, Osawa T, Huang M-T (1994). ‘Food Phytochemicals for

that conventional therapeutic strategy could be made more
effective. Chemoprophylaxis by tea polyphenols may,
however, continue to be a preferred method of prevention
of cancer since no harmful effects of tea drinking have been
recognized so far.

Acknowledgement

     The authors would like to acknowledge the help received
from Ms. Sutapa Chakraborty during the preparation of this
article.



Madhumita Roy et al

Asian Pacific Journal of Cancer Prevention, Vol 2, 2001114

Cancer Prevention: II Tea, Spices and Herbs’. Am Chem Soc
Meeting, Washington.

Hong CY, Wang CP, Lo YC, Hsu FL (1994). Effect of flavan-3-ol
tannins purified from Camellia sinensis on lipid peroxidation of
rat heart mitochondria. Am J Clin Med, 22, 285-92.

Huang M-T, Ho CT, Wang ZY, et al (1992). Inhibitory effect of
topical application of a green tea polyphenol fraction on tumour
inhibition and promotion in mouse skin. Carcinogenesis, 13,
947-54.

Huang M-T, Wang ZY, Ho CT (1991). Inhibitory effect of topical
application of a green tea polyphenol fraction on 12-O-
tetradecanoylphorbol-13-acetate (TPA) induced ornithine
decarboxylase activity, inflammation and tumor promotion in
the skin of CD-1 mice. Proc Am Assoc Cancer Res, 32, 129.

Imanishi H, Sasaki YF, Ohta T, et al (1991). Tea tannin components
modify the induction of sister chromatid exchanges and
chromosome aberrations in mutagen-treated cultured mammalian
cells and mice. Mutat Res, 259, 79-87.

Inagake M, Yamane T, Kitao Y, et al (1995). Inhibition of 1,2-
dimethyl hydrazine-induced oxidative DNA damage by green
tea extract in rat. Jap J Cancer Res, 86, 1106-11.

Ishikawa T, Suzukawa M, Ito I, et al (1997). Effect of tea flavonid
supplementation on the susceptibility of low density lipoprotein
to oxidative modification. Am J Clin Nutr, 66, 261-6.

Ito Y, Ohnishi S, Fujie K (1989). Chromosome aberrations induced
by aflatoxin B

1
 in rat bone marrow cells in vivo and their

suppression by green tea. Mutat Res, 222, 253-61.
Jain AK, Shimoi K, Nakamura Y, et al (1989). Crude tea extracts

decrease the mutagenic activity of N-methyl-N’-nitro-N-
nitrosoguanidine in vitro and in intragastric tract of rats. Mutat
Res, 120, 1-8.

Kada T, Kaneko K, Maatsuzaki S, et al (1985). Detection and
chemical identification of natural bio-antimutagens : a case of
the green tea factor. Mutat Res, 150, 127-32.

Katiyar SK, Agarwal R, Wood GS, Mukhtar H (1992). Inhibition
of 12-O-tetradecanoylphorbol-13-acetate-caused tumor
promotion in 7,12-dimethylbenz[a]anthracene-initiated
SENCAR mouse skin by a phenolic fraction isolated from green
tea. Cancer Res, 52, 6890-7.

Katiyar SK, Mukhtar H (1996) Tea in chemoprevention of cancer:
epidemiologic and experimental studies (review). Int J Oncol,
8, 221-38.

Katiyar SK, Rupp CO, Korman NJ, Agarwal R, Mukhtar H (1995).
Inhibition of 12-O-tetradecanoylphorbol-13-acetate and other
skin tumor promoter-caused induction of epidermal interleukin-
1-_ mRNA and protein expression in SENCAR mice by green
tea polyphenols. J Invest Dermatol, 105, 394-8.

Kennedy DO, Nishimura S, Hasuma T, et al (1998). Involvement
of protein tyrosine phosphorylation in the effect of green tea
polyphenols on Ehrlich ascites tumor cells in vitro. Chem-Biol
Interact, 110, 159-72.

Khan SG, Katiyar SK, Agarwal R, Mukhtar H (1992). Enhancement
of antioxidant and phase II enzymes by oral feeding of green tea
polyphenols in drinking water to SKH-1 hairless mice: possible
role in cancer chemoprevention. Cancer Res, 52, 4050-2.

Klaunig JE, Xu Y, Han C, et al (1999). The effect of tea consumption
on oxidative stress in smokers and non-smokers. Proc Soc Exp
Biol Med, 220, 249-54.

Kohlmeier L, Waterings KGC, Steck S, Kok FJ  (1997). Tea and
cancer prevention : An evaluation of the epimediologic literature.
Nutr Cancer, 27, 1-13.

Komori A, Yatsunami J, Okabe S, et al (1993). Anticarcinogenic
activity of green tea polyphenols. Jpn J Clin Oncol, 23, 186-90.

Kumari MV, Yoneda T, Hiramatsu M (1996). Scavanging activity
of “beta catechin” on  reactive oxygen species generated by
photosensitization of riboflavin. Biochem Mol Biol Int, 38, 1163-
70.

Kuroda Y (1996). Bio-antimutagenic activity of green tea catechins
in cultured Chinese hamster V79 cells. Mutat Res, 361, 179-86.

Kuroda Y, Hara Y (1999). Antimutagenic and anticarcinogenic
activity of tea polyphenols. Mutat Res, 436, 69-97.

Lea  MA, Xiao Q, Sadhukhan AK, et al (1993). Inhibitory effects
of tea extract and (-)-epigallocatechin gallate on DNA synthesis
and proliferation of hepatoma and erythroleukemia cells. Cancer
Letters, 68, 231-6.

Liang YC, Lin-shiau SY, Chen CF, Lin JK (1997). Suppression of
extracellular   signals and cell proliferation through EGF receptor
binding by (-)-epigallocatechin gallate in human A431
epidermoid carcinoma cells. J Cell Biochem, 67, 55-65.

Lin D, Kadulbar FF, Chen J (1998). Direct detoxification of N-
acetoxy-PhIP by tea polyphenols: a possible mechanism for
chemiprevention against PhIP-DNA adduct formation in vivo.
Chung Hua Yu Fang I Hsueh Tsa Chih, 32, 265-9. (Quoted from
Medline).

Lin YL, Lin JK (1997) (-)-Epigallocatechin-3-gallate blocks the
induction of nitric oxide synthase by down regulating  lipo-
polysaccaharide induced activity of transcription factor nuclear
factor-α. Mol Pharmacol, 52, 465-72.

Liu L, Castonguay A (1991). Inhibition of the metabolism and
genotoxicity of 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone
(NNK) in rat hepatocytes by (+)-catechin. Carcinogenessis, 12,
1203-8.

Lu LH, Lee SS, Huang HC (1998). Epigallocatechin suppression
of proliferation of vascular smooth muscle cells : correlation
with c-jun and JNK. Br J Pharmacol, 124, 1227-37.

McCarty MF (1998). Polyphenol mediated inhibition of AP-1
transactivating activity may slow cancer growth by impeding
angiogenesis and tumor invasiveness. Med Hypotheses, 50, 511-
4.

Mukhtar H, Wang Z-y, Katiyar SK, Agarwal R (1992). Tea
components: antimutagenic and anticarcinogenic effects.
Preventive Med, 21, 351-60.

Nishizuka Y (1992). Intracellular signalling by hydrolysis of
phospholipids and activation of protein kinase C. Science, 258,
607-14.

Okabe S, Suganuma M, Hayashi M, et al (1997). Mechanisms of
growth inhibition of human lung cancer cell line PC-9 by tea
polyphenols. Jpn J Cancer Res, 88, 639-43.

Okuda T, Mori K, Hiyatsu H (1984). Inhibitory effects of tannins
on direct acting mutagens. Chem Pharm Bull, 32, 3755-8.

Okuda T, Yoshida T, Hatano T (1994). Chemistry and antioxidative
effects of phenolic compounds from licorice, tea and composite
and labiate herbs. Proc Am Chem Soc, 547, 133-43.

Osawa T, Namiki M, Kawasaki S (1990). Role of dietary
antioxidants in protection against oxidative damage. In ‘Basic
Life Sciences : Antimutagenesis and Anticarcinogenesis.
Mechanism II’ Vol. 52 Eds Kuroda Y, Shankel DM and Waters
MD.  Plenum Press, New York, pp 139-153.

Rafat HS, Cillard  J, Cillard  P (1987). Hydroxyl radical scavenging
activity of flavonoids. Phytochemistry, 26, 2489-91.

Rice-Evans C (1999). Implications of the mechanisms of action of
tea polyphenols as antioxidants in vitro for chemoprevention in
humans. Proc Soc Exp Biol Med,  220, 262-6.

Robinson EE, Maxwell SR, Thrope GH (1997). An investigation
of the antioxidant activity of black tea using enhanced
chemiluminescence. Free Rad Res, 26, 291-302.



Asian Pacific Journal of Cancer Prevention, Vol 2, 2001115

Cancer Chemoprevention by Tea Polyphenols

Rogers AE, Hafer LJ, IskanderYS, Yang S (1998). Black tea and
mammary gland carcinogenesis by 7,12- dimethyl
benz[a]anthracene in rats fed control or high fat diets.
Carcinogenesis, 19, 1269-73.

Sadzuka Y, Sugiyama T, Hirota S (1998). Modulation of cancer
chemotherapy by green tea. Clin Cancer Res, 4, 153-6.

Sadzuka Y, Suguyama T, Miyagishima A, et al (1996). The effcet
of theanine as a novel biochemical modulator on the antitumor
activity of adriamycin. Cancer Letters, 105, 203-9.

Salah N, Miller NJ, Paganga G, et al (1995).  Polyphenolic flavonols
as scavengers of aqueous phase radicals and as chain breaking
antioxidants. Arch Biochem Biophys, 322, 339-46.

Sarafini M, Ghiselli A, Ferr-Luzzi A (1996). In vivo antioxidant
effect of green and black tea in man. Eur J Clin Nutr,  50, 28-32.

Sasaki YF, Yamada H, Shimoi K, Kator K, Kinae N (1993). The
clastogen suppressing effects of green tea, Po-lei tea and rooibos
tea in CHO cells and mice. Mutat Res, 286, 221-32.

Sassone-Corsi P, Lamph WW, Kamps M, Verma IM (1988). fos
associated cellular p39 is related to nuclear transcription factor
AP-1. Cell, 54, 553-60.

Sazuka M, Murakami S, Isemura M, et al (1995). Inhibitory effects
of green tea infusion on  in vitro invasion and in vivo metastasis
of mouse lung carcinoma cells. Cancer Letters, 98, 27-31.

Shah GM, Bhattacharya RK (1986). Modulation by plant flavonoids
and related phenolics of microsome catalyzed adduct formation
between benzo[a]pyrene and DNA . Chem-Biol Interact, 59, 1-
15.

Shiraki M, Hara Y, Osawa T, et al (1994). Antioxidative and
antimutagenic effects of theaflavins from black tea. Mutat Res,
323, 29-34.

Siddiqi M, Das S (1999). Tea as anticarcinogenesis agent. In ‘Global
Advances in Tea Science’ Ed  Jain NK. Aravali  Books
International (P) Ltd., New Delhi, pp 359-368.

Sohn OS, Surace A, Fiala ES, et al (1994). Effects of green and
black tea on hepatic xenobiotic metabolizing systems in the male
F344 rat. Xenobiotica, 24, 119-27.

Stich HF, Rosin MP, Bryson L (1982). Inhibition of a model
nitrosation reaction by naturally occurring phenolics, coffee and
tea. Mutat Res, 95,119-28.

Stoner GD, Mukhtar H (1995). Polyphenols as cancer
chemopreventive agents (review). J Cell Biochem,  Suppl 22,
169-80.

Suganama M, Okabe S, Kai Y, et al (1999). Synergistic effects of
(-)-epigallocatechin gallate with (-)-epicatechin, sulindac or
tamoxifen on cancer preventive activity in the human lung cancer
cell line PC-9. Cancer Res, 59, 44-7.

Suganama M, Okabe S,  Sueoka E, et al (1996). A new process of
cancer prevention mediated through inhibition of  tumor necrosis
factor_ _ expression. Cancer Res, 56, 3711-5.

Suzuki N, Goto A, Oguni I, et al (1991). Reaction rate constants of
tea leaf catechins with superoxide : Superoxide-dismutase
(SOD)-like activity measured by Cypridina luciferin analogue
chemiluminescene . Chem Expr (Japan), 6, 665-668.

Taniguchi S, Fujiki H, Kobayashi H, et al (1992). Effect of (-)-
epigallocatechin gallate, the main constituent of green tea, on
lung metastasis with mouse B16 melanoma cell lines. Cancer
Letters, 65, 51-4.

Valcic S, Timmermann BN, Alberts DS, et al (1996). Inhibitory
effect of six green tea catechins and caffeine on the growth of
four selected human tumor cell lines. Anticancer Drugs, 7, 461-
8.

Wang ZY, et al (1988). Interaction of epicatechins derived from
green tea with rat hepatic cytochrome P-450. Drug Metabol Disp,

16, 98-103.
Wang ZY, Cheng SJ, Zhou ZC, et al (1989). Antimutagenic activity

of green tea polyphenols. Mutat Res, 223, 273-85.
Wang ZY, Khan WA, Bickers DR, Mukhtar H (1989). Protection

against polycyclic aromatic hydrocarbon induced skin tumor
initiation in mice by green tea polyphenols. Carcinogenesis, 10,
411-5.

Wang ZY, Zhou ZC, Bickers DR, Mukhtar H (1990). Inhibition of
chemical and photocarcinogenesis in murine skin by green tea
polyphenols. Proc Am Assoc Cancer Res, 31, 159.

Weisburger JH, Nagae M, Wakabayashi, et al (1994). Prevention
of heterocyclic amine formation by tea and tea polyphenols.
Cancer Letters, 83, 143-7.

Xie B, Shi H, Chen Q, Ho CT (1993). Antioxidant properties of
tea fractions and polyphenol constituents from green, oolong
and black teas. Proc Nat Sci Council ROC, part B. Life Sci, 17,
77-84.

Xu GP, Song PJ, Reed PI (1993). Effect of fruit juices, processed
vegetable juice, orange peel and green tea on endogenous
formation of N-nitrosoproline in subjects from a high risk area
for gastric cancer in Moping County, China. Eur J Cancer Prev,
2, 327-35.

Xu M, Bailey AC, Hernaez JF, Taoka CR, Schut HAJ,  Dashwood,
RH (1996). Protection effects of green tea, black tea and indole-
3-carbinol against 2-amino-3-methyl imidazo[4,5-f]quinoline-
induced DNA adducts and colonic aberrant crypts in F344 rat.
Carcinogenesis, 17, 1429-34.

Xu Y, Ho CT, Amin SG, Han C, Chung FL (1992). Inhibition of
tobacco specific nitrosamine-induced lung tumorigenesis in A/J
mice by green tea and its major polyphenol as antioxidants.
Cancer Res, 52, 3875-9.

Yang GY, Liao J, Kim K, Yurkow EJ, Yang CS (1998a). Inhibition
of growth and induction of apoptosis in human cancer cell lines
by tea polyphenols. Carcinogenesis,   19, 611-6.

Yang CS, Yang GY, Landau JM, Kim S, Liao J (1998b). Tea and
tea polyphenols inhibit cell hyperproliferation, lung
tumorigenesis and tumor progression. Exp Lung Res, 24, 629-
39.

Yin  P, Zhao J, Cheng S, et al (1994). Expertimental studies of the
inhibitory effects of green tea catechin on mice large intestinal
cancers induced by 1,2 dimethylhydrazine. Cancer Letters, 79,
33-8.

Yokozawa T, Dong E (1997). Influence of green tea and its three
major components upon low-density lipoprotein oxidation. Exp
Toxicol Pathol, 49, 329-35.

Yoshizawa S, Horiuchi T, Fujiki H, et al (1987). Antitumor
promoting activity of (-)epigallocatechin gallate, main
constituent of “tannin” in green tea. Phytother Res, 1, 44-7.

Yu R, Jiao JJ, Duh JL, Gudehithlu K, Tan TH and Kong AN (1997).
Activation of mitogen-activated protein kinases by green tea
polyphenols : Potential  signalling pathways in the regulation of
antioxidant-responsive element-mediated phase II enzyme gene
expression. Carcinogenesis, 18, 451-6.

Zhao B, Li XJ, He R, et al (1989). Scavenging effect of extracts of
green tea and natural antioxidants on active oxygen radicals.
Cell Biophys, 14, 175-86.

Zhao ZZ, Huang M-T and Li Q (1992). Experimental study on tea
in inhibiting mutational specificity of six antineoplastic drugs.
Chung Kuo Chung, 12, 620-1.

Zhen Y, Cao S, Xue Y, Wu S (1991). Green tea extract inhibits
nucleoside transport and potentiates the antitumor effect  of
antimetabolites. Chin Med Sci J, 6, 1-5.



Madhumita Roy et al

Asian Pacific Journal of Cancer Prevention, Vol 2, 2001116

Personal Profile : Madhumita Roy

     Dr. Madhumita Roy was born in Kolkata on November
10, 1961. She received her Ph.D. in 1994 in Biophysics from
Calcutta University while working at Saha Institute of
Nuclear Physics, Kolkata. Dr. Roy is working as a Senior
Scientific Officer at Chittaranjan National Cancer Institute
in Kolkata and has research interests in radiation response
in mammalian cells, mutagenesis, cytogenetic abnormalities
and gene amplification. She is also engaged in research on
environmental toxicology and cancer chemoprevention using
natural polyphenolic compounds.


