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ABSTRACT: Tea polyphenols can protect against the multi-stages of cancer initiation, promotion, and progression. Research 
findings and epidemiologic smdies suggest that the polyphenolic compounds, (-)-epigallocatechin-3-gallate (EGCG), 
(~)-epicatechin-3-gallate (ECG); (-)-epigallocatechin (EGC) and (-)-epicatechin (EC) found primarily in Green Tea 
have chemo-preventive potential. Cell signalling cascades and their interacting factors have become important targets of 
chemoprevention and phenolic phytochemicals and plant extracts seem to be promising in this endeavour. 
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Introduction 
Tea produced frotn the leaves of the plant Camellia 
sinensis is the most widely consumed beverage in the 
world. The consumption of green tea is second to water 
intake. Structural and chemical comparison of Green tea 
with other tea gives better SAR relationship. Green tea 
is consumed daily among all, the best studied for health 
benefits, including chemo-preventive efficacy.' Based on 
manufacturing process, Green tea is categorized as Non-
fermented Green tea produced by drying and steaming 
the fi'esh leaves to inactivate the polyphenol oxidase, 
semi-fermented Oolong tea produced when the fresh 
leaves are subjected to a partial fermentation stage before 
drying and fermented black and red (Pu-Erh) tea which 
undergo a post-harvest fermentation stage before drying 
and steaming.^' ̂  The major components of Green tea are 
the polyphenols, which are flavonoids and represent 36% 
dry weight of Green tea. Non-fermented Green tea con
tains more than 80% concentration of flavonoids, while 
fermented Black tea has only 20-30% of this phytocon-
stituents." Research findings and epidemiologic studies 
suggest that the polyphenolic compounds, (-)-epigallo-
catechin-3-galIate (EGCG), (-)-epicatechin-3-gallate 
(ECG); (-)-epiga]]ocatechin (EGC) and (-)-epicatechin 
(EC) found primarily in Green tea have chemo-preven
tive potential.'-'^ Green tea contains 21 mg L"' catechin 
(C), 98 mg L-' EC, 90 mg L"' ECG, 411 mg L"' EGC, and 
444 mg L-i EGCG.' Another component of tea that may 
be important in cancer prevention is caffeine. EGCG 
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and other tea polyphenols are well known for their anti
oxidant activities. Besides polyphenols, Green tea com
prises proteins, enzymes, amino acids, carbohydrates, 
lipids (linoleic and a-linolenic acids), sterols, vitamins 
(B, C, E), pigments (chlorophyll and carotenoids), vola
tile compounds (aldehyde, mineral) and trace elements.^ 
Chemo-preventive effect of Green tea is against stom
ach, lung, prostate, breast, skin, esophagus, duodenum, 
pancreas, liver and colon cancers induced by various 
chemical carcinogens.'"" Many other studies showed 
that Green tea has preventive effects against high blood 
pressure, high blood cholesterol concentrations, vascular 
endothelial dysfunctions, atherosclerosis and coronary 
heart disease.'^ Further, Phase I and Phase II clinical tri
als have also been conducted to explore the anticancer 
effects of Green tea in humans." 

Targeting Mechanisms of Green Tea 
The prevalence and incidence of cancer is increasing 
world-wide, about 7.6 million people suffer from this 
insidious disease (around 13%) of all deaths) in 2008. 
Deaths fi-om cancer worldwide are projected to con
tinue rising, with an estimated 13.1 million deaths in 
2030. Despite the availability of many existing treat
ment approaches, researchers have yet to find a curative 
strategy for this insidious disease. Entertainingly, many 
epidemiological and experimental studies have demon
strated the protective effects of dietary factors towards 
human cancers. The plant-derived natural products poly
phenolic and flavonoids are an invaluable treasure from 
nature, found to block various stages of carcinogenesis 
including cancer initiation, promotion and progression." 
This observation bolstered chemoprevention as a valu
able approach to arrest or delay the multistage process of 
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carcinogenesis prior to the development of malignancy.''' 
Epidemiologic research findings indicate that tea poly
phenols can protect against the multi-stages of cancer 
initiation, promotion, and progression, but its mechanism 
of action is still being intensively investigated. Number 
of studies suggests that the gallate structure of the fla
vins is important for growth inhibition of tumour cell 
lines.'^ Further tea-associated polyphenolic compounds 
exhibit potent antioxidant activity, which has been sug
gested as important factor in alleviating cancer-associ
ated oxidative stress. Tea polyphenols react with reac
tive oxygen species (ROS) (superoxide radical, singlet 
oxygen, hydroxyl or peroxyl radical, peroxynitrite) and 
prevent auto-oxidation.'^ Due to the ability of acting as 
good donors for hydrogen-bonding, an accurate predic
tion about tea polyphenol's solubility and permeability 
remains, at the moment, an elusive target for anticancer 
activity.'"'"^^ It has been found that green tea polyphe
nols reduce levels of insulin-like growth factor-1 (IGF-1) 
in prostate tumour cells in rat model. The antioxidant 
property of chitosan green tea polyphenols complex 
induces transglutaminase activation in wound healing.̂ ^ 
Chemo-preventive effect of tea based on several signal
ling mechanisms, target to specific cell-signalling path
ways responsible for regulating cellular proliferation or 
apoptosis.^ These pathways include signal transduction 
pathways leading to activator protein-1 (AP-1) and/or 
nuclear factor kappa B (NF-KB).^ Catechins present anti
inflammatory activity through the inhibition of transcrip
tional factor NF-KB-mediated production of cytokines 
and adhesion molecules.^'' The mechanisms of this inhi
bition may be due to the blockade of the mitogenic and 
differentiating signals through modulating EGFR func
tion, MAPK cascades, NF-kappa B activation as well as 
c-myc, c-jun and c-fos expression.̂ ^ 

Bioavailability of Green Tea 

Pharmacokinetic parameters of tea catechins have been 
studied in detail in humans and rodents.̂ *" '̂ Various pro
cesses such as gastrointestinal degradation/metabolism, 
poor membrane permeability, and transporter-mediated 
intestinal secretion/efflux may contribute to poor bio
availability of tea polyphenols. According to Zhang et 
al.,^^ non-gallate catechins are more susceptible to efflux 
as compared to gallate catechins. The possible mecha
nism of elimination of these green tea catechins is by 
transporter-mediated intestinal efflux.̂ * The bioavailabil
ity of tea polyphenols with large molecular masses such 
as theaflavins (564-868 Da) is low, compared to EGCG 
(458 Da) , which further showed limited bioavailability 

as compared to smaller molecules, EGC and EC (306 
and 290 Da, respectively). The plasma levels of EGCG, 
EGC and EC after intragastric administration of decaf
feinated green tea is found to be 0.1%, 14% and 31%, 
respectively.^' It also demonstrated that treatment of rats 
with green tea polyphenols in their drinking fluid results 
in increase of plasma levels of EGC and EC, which 
were higher than that of EGCG over a 14-day treatment 
period,'" whereas the tissue levels of green tea in male 
Sprague-Dawley rats (300 g), which were given 0.6% 
green tea in their drinking water for 14 days, had highest 
concentration of EGCG in large intestine (487.8±121.5 
ng g"'), while the concentration of EGC was highest 
in bladder (810.4±229.4) that approximated to 1.1 \M 
EGCG and 2.6 [xM EGC30. Tea polyphenols are rapidly 
methylated by S-adenosyl-methionine, catalyzed by the 
enzymes catechol-0-methyltransferase (COMT) inside 
the body. UDP-glucuronoryltransferase (UGT) and sul-
photransferase (SULT) enzymes also catalyzed the tea 
polyphenols to form glucuronide and sulpahte conju
gates of catechins.^' 

Moreover, fewer studies have been also conducted 
on the biological activities of the metabolites of green tea 
polyphenols. Under in vitro conditions, EGCG is biolog
ically more active in cancer cells towards growth inhibi
tion as compared to their metabolites. The polypheno
lic structure of EGCG also makes them good hydrogen 
donors, allowing EGCG to bind tightly to proteins and 
nucleic acids. Recently, EGCG has been shown to bind 
strongly to Bcl-2 protein, laminin receptor, vimentin and 
proteasome, contributing to its anticancer activities.'^'^ 
These studies may provide important insights into the 
design of future strategies aiming towards the develop
ment of green tea extracts (GTE) or green tea polyphe
nols (GTP) as a better chemopreventive agent. 

Signalling Cascade Involved in Cancer Treat
ment 

The process by which information from an extracellu
lar signal is transmitted from the plasma membrane into 
the cell and along an intracellular chain of signalling 
molecules to stimulate a cellular response is known as 
"signal transduction." A cell may respond to a stimu
lus by activating gene transcription through proteins 
known as transcription factors. A transcription factor is 
composed of one or more proteins that bind to specific 
DNA sequences in a gene. Gene transcription is the most 
common result of the protein binding to the DNA and is 
referred to as transcriptional activation. 

Insight to signalling mechanisms involved in chemo-
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prevention by induction of cell cycle arrest and apopto-
sis or inhibition of signal transduction pathways, mainly 
the mitogen-activated protein kinases (MAPK), protein 
kinases C (PKC), phosphoinositide 3-kinase (PI3K), 
glycogen synthase kinase (GSK), which leads to abnor
mal cyclooxygenase-2 (COX-2), activator protein-1 
(AP-1), and nuclear factor kappa-light chain-enhancer 
of activated B cells (NF-KB). NF-KB and AP-1 provide 
mechanistic links between inflammation and cancer. 

Thus, cell signalling cascades and their interacting 
factors have become important targets of chemopreven-
tion and phenolic phytochemicals, and plant extracts 
seem to be promising in this endeavour. 

Role of Green Tea Components in MAP Kinase 
Pathway 

Green tea polyphenols and flavonoids have been shown 
to interact with MAP kinase pathways and mediate sig
nalling by influencing activation and phosphorylation 
of these molecules. Depiction of cells to stress stimuli 
or mutagens, form complex that involves discrete phos
phorylation cascades, resulting in activation of members 
of MAPK family. Three classes of MAPKs known are 
c-Jun N-terminal kinases/stress-activated protein kinas
es (JNKs/ SAPKs), p38 kinases and the extracellular sig
nal-regulated protein kinases (ERKs).^*-" JNKs/SAPKs 
and p38 kinases got activated by various forms of stress, 
including ultraviolet (UV) irradiation.̂ '̂  In contrast, 
ERKs got initiated by tumour promoters such as TPA 
and growth factors including EOF and platelet-derived 
growth factor (PDGF), which play a critical role in 
transmitting signals.-'̂ '̂ ' Number of studies reported the 
effect of green tea in cancer prevention, mediating their 
action on the signalling pathways. Dong et al.'*° showed 
that EGCG (5-20 AMol L ' ) in JB6 mouse epidermal 
cell line, inhibited the MAPK pathway. Pre-treatment 
of EGCG (10-40 AMol L ' ) before UV exposure was 
shown to inhibit UV-induced hydrogen peroxide produc
tion concomitant with the inhibition of phosphorylation 
of ERKl/2, JNK, and p38 proteins."' Recently, EGCG 
(10-20 Ag ml-') has been shown to inhibit MAPK path
way and activator protein-1 (AP-1) activity in human 
colon cancer cells.''̂  Moreover, it has been reported that 
oral feeding of EGCG containing green tea polyphenols 
inhibits PI3K pathway in transgenic adenocarcinoma of 
the mouse prostate (TRAMP) model system.''̂  Because 
the deregulation of the MAPK pathway is frequently seen 
in a variety of human cancers, modulation of MAPKs by 
EGCG may provide novel strategies for the prevention 
or treatment of cancer. 

Role of Green Tea Components in AP-1 Tran
scription Factor 

AP-1 transcription factor is a protein dimer, composed 
of homodimers or heterodimers of protein super-family 
specifically,7Mn and/o5 gene families,'*''̂ ^ and it regulates 
the transcription of various genes associated with cellular 
inflammation, proliferation and apoptosis.'" High AP-1 
activity is involved in the tumour promotion and progres
sion of various types of cancers, such as lung, breast, and 
skin cancer.'"' In cell culture and animal models, AP-1 
was shown to be involved in tumour progression and 
metastasis'*^ and played a key role in preneoplastic-to-
neoplastic transformation."^"^" Tea acts as a key target for 
chemo-prevention by inhibiting AT-1 activity.^' By com
paring P"̂  and P" derivatives of the mouse epidermal JB6 
cell line, the authors found that the transcriptional factor 
AP-1 plays a critical role in tumour promotion."'" Sig
nificantly, when tumour promoter-induced AP-1 activity 
was blocked, neoplastic transformation was inhibited." 
EGCG was shown to inhibit 12-0-tetradecanoylphorbol-
13-acetate or epidermal growth factor-induced trans
formation of mouse epidermal cell line JB6, and the 
inhibitory activity was closely related to the inhibition 
ofAP-140. 

Green Tea Components Inhibit Growth Factor-
Induced Signal Transduction 

The epidermal growth factor receptor (EGFR) is a 
ligand-binded, plasma membrane glycoprotein. EGFR 
have two binding domain sites, among them one is 
extracellular ligand-binding domain that binds to single 
transmembrane region, and an intracellular domain that 
exhibits intrinsic tyrosine kinase activity. EGFR is over 
expressed in neoplastic or mutagenic cells, activating 
signal transduction pathways that promote cell prolif
eration and tumour progression.^""" Over expression of 
EGFR is associated with a number of cancerous diseases 
including breast cancer,̂ ^ lung cancer, squamous cell 
carcinoma of the oral cavity," bladder carcinoma and 
oesophageal cancer.̂ ^ Green tea catechin exert inhibitory 
effect on EGFR and has been suggested by studies per
formed on RTK activity.^' In this study, the authors sug
gested that EGCG inhibit EGFR on human epidermoid 
carcinoma A431 cells, which express high levels of epi
dermal growth factor (EGF) receptors. Moreover, green 
tea components exhibit more effective inhibitory activ
ity against receptor-type protein tyrosine kinases such 
as EGFR, PDGF-R, and FGFR (IC50 value of 0.5-1 ^g 
ml') than towards non-receptor-type protein tyrosine 
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kinases, such as pp60v-src60. EGF-stimulated increase 
in phosphotyrosine levels in A431 cells also inhibited by 
green tea components specifically EGCG60. Additional
ly, EGCG and ECG blocked EGFR binding, resulting in 
the inhibition of EGF-R kinase activity. The output is that 
EGCG could block many signal transduction events initi
ate fi-om the cell surface and seems that it might be a use-
fiil compound for blocking RTK signalling. However, the 
effects of EGCG on EGF-R remain unclear since other 
studies failed to reproduce earlier observations in A172 
glioblastomas*' and in vascular smooth muscle cells from 
rat aorta." 

Green Tea and Activation of NF-KB Receptor 
NF-KB stress responsive transcription factor-induced sig
nalling mechanism is well known for its importance in 
inflammatory pathway.**̂  Activation of NF-KB by Tumour 
promoter cells fiinction to intensify the transcription of 
a variety of genes including cytokines, growth factors 
and acute response proteins.*^^ Activation of NF-KB 

in cell lines linked to MAP kinase signalling pathways, 
especially p38 kinase, and played a major role in cell 
cycle.™ Recent results also point to its pivotal role in 
suppressing apoptosis in cancer cells.'' The mechanism 
involved in activation of NF-KB is well understood. 
NF-KB in dormant form, found in the cytosol, is bound 
to an inhibitory protein called inhibitory kappa B (IKB). 

When enthused, IKB protein is phosphorylated, ubiqui-
nated, released from NF-KB and subsequently degraded. 
Following separation from IKB, NF-KB is translocated 
into the nucleus, where it activates gene transcription by 
binding to its distinct DNA sequence found in specific 
genes. Activation of NF-KB is associated with initiation, 
propagation or acceleration of tumour genes'^ and in 
JB6 cells, tumour promoter-induced cell transformation 
was blocked by inhibition of NF-KB." Although less is 
known about the potential .effects of tea polyphenols and 
flavonoids on NF-KB activation, like AP-1, NF-KB may 
also be a potential chemo-preventive or therapeutic target 
for tea components. The mechanism was suggested to be 
related to a differential inhibition by EGCG of TNF-a- or 
LPS-mediated NF-KB activation in cancer compared to 
normal cells, with the cancer cells generally being more 
sensitive to EGCG.'" Consistent with this proposal is the 
observation that topical application of green tea polyphe
nols to UVB-irradiated, SKH-1 hairless skin decreased 
phosphorylation and degradation of I-K Band the subse
quent activation of NF-KB.'^ 

Effect of Green Tea in Cell Cycle Arrest and 
Apoptosis 

Over-expressed and irregular growth of cells at cell cycle 
check-point promote cell cycles factors such as cyclin Dl 
and cyclin dependent kinases (CDKs), which are associ
ated with tumorigenesis.'^'"' A protein family known as 
cyclins and cdks are critical components; involvement of 
protein takes place in cell growth at different phases of 
cell cycle. Several investigators have shown that EGCG 
can affect the expression of these cell cycle regulators 
and inhibit the cell cycle.'^ The authors suggested that 
EGCG can induce G^Gj phase cell cycle arrest in several 
human cancerous cell lines, including breast, epidermoid, 
prostate, colon, skin, lung and head and neck squamous 
cell cancers.'"' '̂ ' ''"̂ ^ Liang et al?^ reported that EGCG 
treatment in MCF7 breast cancer cells give prevention 
in Gg/G, phase cell cycle arrest.*" Expression of p21 and 
p27 by EGCG inhibited the activity of CDK2 and CDK4, 
and also caused hypophosphorylation of Rb gene.*^ In 
prostate cancer cells, EGCG increased the expression of 
pl6, pl8, p21, and p53, which are associated with nega
tive regulation of cell cycle progression.*"' *̂  EGCG also 
reduced the protein expression of cyclin Dl, cyclin E, 
CDK2, CDK4, and CDK6, but not cyclin D2. Effect of 
green tea catechins, especially EGCG, found to be more 
sensitive in treatment of head and neck squamous cell 
carcinoma cells. The mechanism related to preventive 
effect of EGCG was not clear, but number of factors 
associated with cell cycle progression, which has direct 
and indirect affect in chemoprevention. Additionally, the 
effect of EGCG has been directly inhibited CDKs that is 
the primary factor.*" The induction of various negative 
regulators of the cell cycle may be the consequence of 
this inhibition. The concentrations used in these studies 
were higher than those observed in blood and tissues fol
lowing consumption of tea. It still remains a topic of dis
cussion, whether the green tea catechins involved in the 
mechanisms of cell cycle arrest at different check-points. 

Apoptosis or Programmed cell death is a biochemi
cal event that occurs in multicellular organism, leading to 
a variety of morphological changes including cell shrink
age, nuclear fragmentation, chromatin condensation, and 
chromosomal DNA fragmentation. Several mechanisms 
involved in anti-apoptotic properties of cell by adminis
tering green tea catechins, as EGCG has been shown to 
inhibit the expression of anti-apoptotic proteins Bcl-2 
and Bcl-XL, while increasing the expression of Bax and 
Bak pro-apoptotic proteins.** It has been reported that 
EGCG effectively inhibited cellular proliferation and 
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induced apoptosis in sarcoma cells. Expression levels of 
Bcl-2 were significantly decreased, and the levels of Bax 
were significantly increased.*' Moreover, EGCG induced 
apoptosis of human laryngeal epidermoid carcinoma 
through a caspase-independent, p53-mediated pathway.*' 
EGCG induced cell cycle arrest and apoptosis in tumour 
cells, which were correlated with altered expression of 
Bcl-2 family proteins, including increased expression of 
proapoptotic Bax and decreased expression of prosur-
vival Bcl2, Bcl-XL, and Mcl-l proteins.** 

Green Tea Exerts Antioxidant Effect in Chemo-
prevention 

Green tea is a dietary source rich of antioxidant nutrients 
due to presence of several composition like polyphe
nols, flavonoids, carotenoids, tocopherols, ascorbic acid 
(vitamin C), minerals such as Cr, Mn, Se, Fe, Cu or Zn, 
and certain phytochemical compounds exert antioxidant 
effect. Polyphenols rich in green tea as catechins and 
gallic acid specifically exert antioxidant potential. Green 
tea polyphenols with antioxidant activity scavenge free 
radicals, reactive oxygen species, nitrogen species and 
chelating agents with redox active transition metals 
ions. Additionally, green tea exerts antioxidant activity 
directly by chelating metal ions such as iron and copper 
to inhibit fenton reaction and haber-weiss reactions.*''' 
and indirectly by inhibiting, redox-sensitive transcrip
tion factor; pro-oxidant enzymes such as nitric oxide 
synthase, cyclooxygenase, lipoxygenase and xanthine 
oxidase and by induction of antioxidant enzymes, such 
as glutathione-S-transferases and superoxide dismutases. 

Agents that induce cancer may be chemically or 
radically through ionizing radiation, ultraviolet radia
tion, smoking, ozone depletion, oxides formation from 
polluted air, all induces DNA damage.'^ The damage pro
duced in cells is due to oxidative stress through genera
tion of free radicals and reactive oxygen species. These 
species play a major role in carcinogenesis by damaging 
DNA, altering gene expression, affecting cell growth and 
differentiation.'^''"' Recent studies reported that green tea 
polyphenols exert potential effect against the cancerous 
cell in animal models. Likewise, the authors suggested 
that skin cancer induced by solar ultraviolet radiation was 
prevented by topically and oral application of catechins in 
mice.''"'^ In rats, carcinoma cells are effectively prevent
ed by inhibiting the 12-0-tetradecanoyl phorbol 13-ace-
tate induced NO generation involved in tissue damage 
and inflammation.'' Moreover, in vitro studies showed 
that catechins, specifically EGCG, ameliorate the fi-ee 
radical and reactive species damage sustained by DNA 

w 

by reduction in both prompt DNA-single strand breakage 
and in residual damage to DNA base.'*'" Interestingly, 
green tea catechins have an ability to perform major 
task at different cellular levels. Likewise, at intracellular 
level, these catechins inhibited 12-0-tetradecanoylphor-
bol-13-acetate induced hydrogen peroxide formation in 
mouse epidermis'™ and 4-(Methylnitrosamino)-l-(3-
pyridyl)-l-butanone (NNK)-induced 8-hydroxydeoxy-
guanosine formation in mouse lung.""'°^ Tobacco-spe-
cific-nitrosamine lung carcinoma in mice was treated by 
catechins.'"^ GTPs are also thought to be responsible for 
decreased susceptibility to UVB-induced tumourigenesis 
through scavenging the production of H^O ,̂ otherwise 
lead to UVB-induced phosphorylation of proteins in the 
Ras pathway. " '̂'At extracellular levels, EGCG lowers the 
plasma concentration of phosphatidylcholine hydroper
oxide (PCOOH). PCOOH is the predominant membrane 
lipid hydroperoxide in human plasma. The reactivity of 
EGCG with ROS and its chelating activity with Cû ^ 
would be important for the reduction of PCOOH.'"^-'"^ In 
the plasma membrane compartment, EGCG also inhib
its anion transport caused by deoxy-oxy cycling lipid 
peroxidation."" EGCG was also shown to inhibit the 
production of ONOO- (peroxynitrite anion) and lipid 
peroxidation by suppressing the induction of iNOS.'°*" 
"'' In summary, GTPs can scavenge ROS in all cellular 
compartments, in a variety of cells and in different body 
compartments before they have time to cause damage. 

Green Tea Exerts Anti-Inflammatory Property 
in Chemoprevention 
A mediator of inflammatory pathway is prostaglandin, 
one among all that has been synthesized from arachi-
donic acid in the presence of enzyme Cyclo-oxygenases 
(COXs). COXs family consists of three enzymes COX-
1, COX-2 and COX-3. COX-1 is ubiquitously expressed 
in mammalian tissues and is involved in homeostasis. 
COX-3 functions are unknown, but it is found in the 
brain and spinal cord. More recent emphasis has been 
laid on COX-2 as its expression is found to be up regu
lated in inflammation and in cancer. COX-2 plays major 
role in modulating cell proliferation and apoptosis in 
tumour growth."" EGCG inhibited COX-2 expression 
in colon cancer cells by activating AMPK pathway.'" 
mRNA and protein levels of COX-2 in androgen-depen-
dent (LNCaP cells) and independent (PC-3 cells) levels 
in human prostate cancer were inhibited by EGCG."^ 
Green tea polyphenols have inhibited the release of free-
radicals and accomplished scavenging potential in gen
eration of ROS by inhibition of COX-2 and inactivation 
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Table 1: Clinical Studies Indicating Tea and Its Phytoconstituents Against Cancer 

S. No. Phyto constituents Treatment Ref. 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

Green tea catechins, EGCG 

Nutraceuticals, Green tea extracts, 
EGCG, Resveratrol 

EGCG 

EGCG 

Black tea and green tea 

Green tea catechins 

Green tea polyphenols 

EGCG 

Green tea, black tea and EGCG 

Green tea, black tea 

EGCG 

EGCG 

EGCG 

Green tea combined with citrus fruit 

EGCG 

Botanical supplement with green tea 

EGCG 

Green tea polyphenols and catechins 

EGCG 

Green tea 

Green tea 

EGCG 

Green tea catechin 

Anti-inflammatory, Anti-oxidant activity 114 
Oral cancer of Squamous cell carcinoma type 115 

Breast cancer. Skin cancer, GIT tract cancer 116 

Stem like cancerous cell, tumour initiating cells 117 

Smokers and non-smokers oral cancers 118 

Colorectal adenomas in Japanese patients 119 

Prostate cancer 120 

Hep G2 cells deheadtion and migration 121 

Prostate cancer 122 

GIT tract cancer, prostate pre-malignant lesions 123 

Suppression of ferritin in arsenic trioxide cytotoxicity 124 

ER-a expression in breast cancer 125 

Inhibit tumour invasion and angiogenesis in tumour growth 126 

Inhibit COX enzymes in cancer cell exhibit anti-inflammatory 125 
property 

Prostate cancer 127 

Prostate cancer 128 

Inhibit epidermal growth factor, PI3K, AKT, ERK and breast 129 

cancer 

Esophageal squamous cell carcinoma 130 

Pancreatic cancer 131 

Stomach cancer 132 

Liver cancer 133 

In cell cycle growth arrest and apoptosis 134 

Prostate cancer 135 

of phosphorylated NF-kappa B and Akt."^ Thus, EGCG 
exerts its anti-proliferative effects via COX-2 inhibition 
that exerts potent anti-inflammatory property. 

Clinical Trials of Green Tea 
Effects of tea polyphenols are widely studied for cancer 
chemoprevention in many different parts of the world. 
Several excellent reviews compiling results of such 
studies are available. Unfortunately, the lack of a firm 
conclusion still exists in spite of bundle of reviews and 
papers that have been written on green tea. One appar
ent reason is that aetiological factors for different types 
of cancers are not the same, and the populations studied 
are different. From the available data of epidemiologic 
studies and research findings in laboratory, clinical trials 
are now warranted to evaluate the usefulness of green 
tea and polyphenols present therein. Research suggests 
that green tea consumption has promising effects against 

various types of cancers without inducing major toxici
ties. Studies using green tea in the treatment of cancers 
have focused on breast, prostate and lung cancers as well 
as recently on chronic lymphocytic leukemia (CLL). 

Conclusions 
In whole, it is concluded that intake of green tea which 
provides sufficient catechins has beneficial effects against 
cancer in animals and humans. Green tea catechins exert 
a variety of beneficial metabolic effects by influencing 
the markers such as oxidative stress, inflammation as 
well as altering signalling cascades. Although Green tea 
catechins are beneficial in improving cancer, yet the pos
itive effects of green tea catechins on humans need fiir-
ther attention. Studies should be carried out on catechin 
metabolites, which are reported to be biologically active, 
but their chemopreventive effects are unknown. In addi
tion, structural aspects as well as bioavailability criteria 
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of Green tea catechins should be further explored which 
may lead to clinically relevant strategies to prevent and 
treat cancer. 
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