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Tea polyphenols for health promotion
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Abstract

People have been consuming brewed tea from the leaves of the Camellia sinensis plant for almost
50 centuries. Although health benefits have been attributed to tea, especially green tea
consumption since the beginning of its history, scientific investigations of this beverage and its
constituents have been underway for less than three decades. Currently, tea, in the form of green
or black tea, next to water, is the most widely consumed beverage in the world. In vitro and animal
studies provide strong evidence that polyphenols derived from tea may possess the bioactivity to
affect the pathogenesis of several chronic diseases. Among all tea polyphenols,
epigallocatechin-3-gallate has been shown to be responsible for much of the health promoting
ability of green tea. Tea and tea preparations have been shown to inhibit tumorigenesis in a variety
of animal models of carcinogenesis. However, with increasing interest in the health promoting
properties of tea and a significant rise in scientific investigation, this review covers recent findings
on the medicinal properties and health benefits of tea with special reference to cancer and
cardiovascular diseases.
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Introduction

Tea is one of the most popular beverages consumed worldwide. About three billion
kilograms of tea is produced and consumed yearly. Tea, brewed from the plant Camellia
sinensis is consumed in different parts of the world as green, black or Oolong tea. Green tea
is favored in Japan and China, and initial research on the benefits of green tea was carried
out in these countries because of the local customs. Of the tea produced worldwide, 78% is
black tea, which is usually consumed in the Western countries, 20% is green tea, which is
commonly consumed in Asian countries, and 2% is Oolong tea which is produced (by partial
fermentation) mainly in southern China. Brewed tea contains many compounds, especially
polyphenols, and several studies show that polyphenolic compounds present in tea reduce
the risk of a variety of diseases (Yang and Wang, 1993; Mukhtar and Ahmad, 1999, 2000).
Research findings suggest that the polyphenolic compounds, (—)-epigallocatechin-3-gallate
found primarily in green tea, and theaflavin-3,3'-digallate, a major component of black tea,
are the two most effective anti-cancer factors found in tea. The possible beneficial health
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effects of tea are being extensively investigated and have received a great deal of attention in
recent times. This review examines the available scientific information concerning tea and
health.

Green and black teas are processed differently during manufacturing. To produce green tea,
freshly harvested leaves are steamed to prevent fermentation, yielding a dry, stable product.
Tea polyphenols, known as catechins, usually account for 30-42% of the dry weight of the
solids in brewed green tea. Catechins are characterized by di-or tri-hydroxyl group
substitution of the B ring and the meta-5,7-dihydroxy substitution of the A ring. The
structures of the four major catechins, (—)-epigallocatechin gallate (EGCG), (—)-
epigallocatechin (EGC), (—)-epicatechin gallate (ECG), and (—)-epicatechin (EC) are shown
in Figure 1. EGCG is the major catechin in tea and may account for 50-80% of the total
catechin in tea. Catechin, gallocatechin, epigallocatechin digallates, epicatechin digallate, 3-
O-methyl EC and EGC, catechin gallate, and gallocatechin gallate are present in smaller
quantities. 3'-O-methyl-EGCG has been isolated from Oolong tea as a minor component.
Flavonols, including quercetin, kaempferol, myricitin and their glycosides are also present in
tea. A typical tea beverage, prepared in a proportion of 1 g leaf to100 ml water in a 3-min
brew, usually contains 250-350 mg tea solids, comprised of 30-42% catechins and 3-6%
caffeine (Mukhtar and Ahmad, 1999).

In the production of black tea, about 75% of catechins contained in the tea leaves undergo
enzymatic transformation consisting of oxidation and partial polymerization. In
manufacturing black tea, the tea leaves are crushed to allow the polyphenol oxidase to
catalyze the oxidation, leading to polymerization of catechins. The resulting black tea
composition depends on the technological process of its production. It is difficult to state a
definitive composition for black tea beverage, as it varies with different preparations. The
approximate mean percentages of components of solid extracts in black tea are: catechins
(10-12%), theaflavins (3—6%), thearubigins (12-18%), flavonols (6-8%), phenolic acids
(10-12%), amino acids (13-15%), methylxanthines (8-11%), carbohydrates (15%), proteins
(1%), mineral matter (10%), and volatiles (<0.1%). Tea leaves contain about 2-5% caffeine
and much smaller quantities of theobromine and theophyline. Most of the catechin mass in
the process of black tea manufacture is transformed to less structurally defined compounds
called as thearubigins. They are water soluble, acidic, and some, though not necessarily all,
are rust-brown in color and all display similar ill-defined chromatographic behaviour. Little
progress has been made towards an understanding of the chemical nature of the
thearubigins. The structures and the formation process of these compounds are incompletely
known. The high oxidation potential of some of the catechin quinones generated at
fermentation stage is probably responsible for the generation of theaflavins, bisflavanols,
and epitheaflavic acids and the subsequent incorporation of their oxidation products into the
thearubigin formation. The proposed structures of theaflavins and thearubigins are shown in
Figure 1. Thearubigins, which have higher molecular weights, are poorly characterized
chemically. Theaflavins are characterized by the benzotropolone ring structure and bright
red-orange color, and contribute to the unique taste of black tea. The amount of caffeine in
tea beverage is determined by the leaf size, the brewing time and the temperature (Luczaj
and Skrzydlewska, 2005).

Biotransformation

The catechins are subject to extensive biotransformation including methylation,
glucuronidation, sulfation and ring-fission metabolism. Recent studies on the enzymology of
EGC and EGCG methylation have shown that EGC is methylated to form 4’-O-methyl-(-)-
EGC and EGCG is methylated to form 4”-O-methyl-(—)-EGCG and 4',4"-O-dimethyl-(-)-
EGCG. It has been reported in studies of EGCG and EGC glucuronidation that EGCG-4"-O-
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glucuronide is the major metabolite formed by human, mouse and rat microsomes (Lambert
and Yang, 2003). The greatest catalytic efficiency for glucuronidation is in mouse intestinal
microsomes followed in decreasing order by mouse liver, human liver, rat liver and rat small
intestine. EC undergoes sulfation catalyzed by human and rat intestinal and liver cytosol
with the human liver being the most efficient (Vaidyanathan, and Walle, 2002). Tea
catechins undergo metabolism in the gut to form the ring fission products 5-(3',4',5'-
trihydroxyphenyl)-y-valerolactone (M4), 5-(3',4'-dihydroxyphenyl)-y-valerolactone (M6)
and 5-(3',5'-dihydroxyphenyl)-y-valerolactone (M6’). These metabolic intermediates are
further broken down by gut flora to phenylacetic and phenylpropionoic acids (Li et al.,
2000).

Pharmacokinetics

The potential health effects of catechins depend on the amount consumed and on their
bioavailability. Following oral administration of tea catechins to rats, the four principal
catechins (EC, ECG, EGC, and EGCG) have been identified in the portal vein, indicating
that tea catechins are absorbed intestinally (Okushio et al., 1996). The plasma concentrations
of EGCG were much lower than those of EGC or EC in rats given 0.6% GTP in their
drinking water over a period of 28 days, even though the ratio of EGCG to EGC was 5:1 in
the GTP solution. The plasma levels of EGCG were much higher than those of EGC and EC
when the same GTP preparation was given to mice. (Kim et al., 2000). In a study in humans
which compared the pharmacokinetics of equimolar doses of pure EGC, ECG, and EGCG in
10 healthy volunteers, average peak plasma concentrations after a single dose of 1.5 mmol
were 5.0 umol/L for EGC, 3.1 umol/L for ECG, and 1.3 umol/L for EGCG. The plasma
EGC and EGCG returned to baseline, but plasma ECG remained elevated after 24 hours
(Higdon et al., 2003). Substantial amounts of EGC and EC were found in the esophagus,
large intestine, kidney, bladder, lung, and prostate; EGC and EC concentrations were
relatively low in liver, spleen, heart, and thyroid; EGCG levels were higher in the esophagus
and large intestine, but lower in other organs, when rats were given 0.6% GTP in their
drinking water over a period of 28 days (Kim et al., 2000). Studies in rats indicated that
EGCG is mainly excreted through the bile, while EGC and EC are excreted through urine
and bile, indicating that catechins are rapidly and extensively metabolized. A Tpax in the
plasma of 1.5 to 2.5 h after consumption of decaffeinated green tea solids (1.5, 3.0, 4.5 g)
has been demonstrated. These levels decreased and were not detectable by 24 h. While
EGCG was not detected in the urine, 90% of the total EC and EGC were excreted in the
urine by 8 h. The bioavailability of EGCG was found to be less than that of EGC (Yang et
al., 1998).

Antioxidant Properties of tea

The potential health benefits associated with tea consumption have been partially attributed
to the antioxidative property of tea polyphenols (Mukhtar and Ahmad, 2000). Recently, it
has been reported that green tea consumed within a balanced controlled diet improve the
overall antioxidative status and protect against oxidative damage in humans (Erba et al.,
2005). Tea preparations have been shown to trap reactive oxygen species, such as
superoxide radical, singlet oxygen, hydroxyl radical, peroxyl radical, nitric oxide, nitrogen
dioxide and peroxynitrite, reducing their damage to lipid membranes, proteins and nucleic
acids in cell-free systems. The radical quenching ability of green tea is usually higher than
that of black tea. Among tea catechins, EGCG is most effective in reacting with most
reactive oxygen species. The chemical structures contributing to effective antioxidant
activity of catechins include the vicinal dihydroxy or trihydroxy structure, which can chelate
metal ions and prevent the generation of free radicals. This structure also allows electron
delocalization, conferring high reactivity to quench free radicals. Under certain conditions,
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however, catechins may undergo autooxidation and behave like prooxidants. During the
reactions of tea polyphenols with free radicals, several oxidation products are formed.
Reactions of EGCG and other catechins with peroxyl radicals lead to the formation of
anthocyanin-like compounds as well as seven-membered B ring anhydride dimers and ring-
fission compounds. The B ring appears to be the principal site of antioxidant reactions
(Kondo et al., 1999). Green and black tea can inhibit the oxidation of lipoproteins induced
by Cu2* in vitro. The protective activities of tea and tea polyphenols against the oxidation of
lipoproteins have been proposed to contribute to the prevention of atherosclerosis and other
cardiovascular diseases.

The antioxidant capacity of tea and tea polyphenols has been assessed by several methods.
Using the Oxygen Radical Absorbance Capacity (ORAC) assay, it has been found both
green and black tea have much higher antioxidant activity against peroxyl radicals than
vegetables such as garlic, spinach and Brussels sprouts (Cao et al., 1996). Several clinical
trials have demonstrated that a single dose of tea improves plasma antioxidant capacity of
healthy adults within 30 to 60 minutes after ingestion. A significant rise in plasma
antioxidant capacity was detected after brewed green tea or black tea solids were consumed
(Leenen et al., 2000). In general, the rise in plasma antioxidant capacity peaks about one to
two hours after tea ingestion and subsides shortly thereafter. Repeated consumption of tea
and encapsulated tea extracts for one to four weeks has been demonstrated to decrease
biomarkers of oxidative status. In a trial of 40 male smokers in China and 27 men and
women (smokers and non-smokers) in the United States, oxidative DNA damage, lipid
peroxidation and free radical generation were reduced after consuming ~6 cups a day of
green tea for seven days (Klaunig et al., 1999). Plasma malondialdehyde, another indicator
of lipid peroxidation, was reduced in 20 healthy women, 23 to 50 years of age, consuming a
high linoleic acid diet and administered an encapsulated tea extract (equivalent to 10 cups a
day of green tea) for four weeks (Freese et al., 1999).

Epidemiological observations

Many epidemiological studies have been conducted to investigate the effects of tea
consumption on human cancer incidence. Most of the studies showing an inverse
relationship between tea consumption and development of cancer were conducted on
gastrointestinal cancers in Japan and China where green tea is the main form of tea
consumed. Studies in northern Italy have suggested a protective effect of tea against oral,
pharyngeal and laryngeal cancer. In a case-control study in Shanghai, frequent consumption
of green tea has been shown to be associated with a lower incidence of esophageal cancer,
especially among those who neither smoke nor consume alcohol. A protective effect against
gastric cancer by tea has also been suggested from studies in Japan, northern Turkey and
central Sweden. In Japan, women consuming >10 cups of tea daily have been shown to have
lower risk for all cancers and increased tea consumption was associated with lower risk for
breast cancer metastasis and recurrence. Tea drinking was shown to be associated with a
lower risk for digestive tract cancers and urinary tract cancers in women in a prospective
cohort study in lowa (Lambert and Yang, 2003). A prospective cohort study with 8,552
individuals in Yoshimi town in Saitama Prefecture was conducted with green tea. During an
11-year follow-up, a total of 488 cancer patients (285 males and 203 females) were
determined. Respondents were divided into three groups according to daily consumption of
green tea: below 3 cups, from 4 to 9 cups, and over 10 cups. Individuals who consumed over
10 cups of green tea per day showed remarkable reduction of relative risk for lung, colon,
and liver cancers. The relative risk of stomach cancer was also low, although not statistically
significant (Sueoka et al., 2001). A case-control study conducted in south-east China
assessed 130 patients with histologically confirmed incidental prostate cancer and 274
patients without cancer matched by age, showed that the risk of prostate cancer declined
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with increasing frequency, duration and quantity of green tea consumed. This reduction was
statistically significant, suggesting the preventive effect of green tea against prostate cancer
(Jian et al., 2004).

Anticarcinogenic effects of tea

Evidence for the anticarcinogenic potential of tea polyphenols has been provided by
numerous in vitro and experimental studies describing their action to bind directly to
carcinogens, induce Phase 11 enzymes such as UDP-glucuronosyl transferase and inhibit
heterocyclic amine formation. Molecular mechanisms, including catechin-mediated
induction of apoptosis and cell cycle arrest, inhibition of transcription factors NF-xB and
AP-1 and reduction of protein tyrosine kinase activity and c-jun mRNA expression have also
been suggested as relevant chemopreventive pathways for tea (Mukhtar and Ahmad, 2000;
Khan et al., 2006). Some epidemiological studies also support a protective role of tea against
the development of cancer. Studies conducted in Asia, where green tea is consumed
frequently and in large amounts, tend to show a beneficial effect on cancer prevention. For
example, a prospective nine year study among 8,552 Japanese adults observed consumption
of ten or more cups of green tea a day delayed cancer onset by 8.7 years in females and three
years in males when compared to patients consuming fewer than three cups a day (Wiseman
et al., 1997). Protective effects appear to be observed less frequently in European
populations where intake of black tea predominates. Importantly, the putative
chemopreventive effect of tea also varies by the specific type of cancer.

Skin Cancer

The activity of tea and tea polyphenols on the inhibition of skin tumorigenesis has been
widely studied. We reported the first topical application of green tea polyphenols (GTP) for
protection from skin cancer in a complete skin tumorigenesis protocol using 3-
methylcholanthrene on BALB/c mice, and a two-stage skin tumorigenesis protocol using
DMBA as the initiating agent and TPA as tumor promoter with Sencar mice (Wang et al.,
1989). It has been demonstrated that topical application or ingestion of GTP or EGCG
inhibit tumor initiation and promaotion by chemical carcinogens and UV light in mice (Yang
and Wang, 1993; Mukhtar and Ahmad, 2000). Oral administration of green tea polyphenols
(GTP) reduced UVB-induced skin tumor incidence, tumor multiplicity and tumor growth in
SKH-1 mice. There was also reduced expression of the matrix metalloproteinases (MMP)-2
and MMP-9, CD31, vascular endothelial growth factor (VEGF) and proliferating cell
nuclear antigen (PCNA) in the GTP treated group. Additionally, there were more cytotoxic
CD8(+) T cells and greater activation of caspase-3 in the tumors of the orally administered
GTP group indicating the apoptotic death of the tumor cells (Mantena et al., 2005). Oral
administration of green tea, black tea or EGCG inhibits the growth of well-established skin
tumors and, in some cases, tumor regression was also observed. Complete regression was
observed in papilloma-bearing mice (Conney et al., 1999). The growth of nonmalignant
tumors, squamous cell carcinomas and tumor volume decreased significantly when tumor-
bearing mice were fed with black tea. Inhibition of DNA synthesis and enhancement of
apoptosis have been observed. Recently, EGCG treatment was found to result in a dose-
dependent decrease in the viability and growth of A-375 amelanotic malignant melanoma
and Hs-294T metastatic melanoma cell lines (Nihal et al., 2005). In a study from our
laboratory, we have shown that topical application of a green tea polyphenol fraction (GTP)
to the skin of DMBA-initiated mice, prior to that of 12-O-tetradecanoylphorbol-13-acetate
(TPA) or mezerein, resulted in protection against skin tumor promotion as judged by the
decrease in tumor incidence, multiplicity and tumor volume. GTP also protected against the
malignant conversion of papillomas to squamous cell carcinomas (SCC) (Katiyar et al.,
1997). Oral administration of green tea as the sole source of drinking fluid starting
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immediately after discontinuation of UVB treatment enhanced the rate and extent of
disappearance of the mutant p53-positive patches in SKH-1 mice (Lu et al., 2005).

In a study, SKH-1 female mice were treated with UVB light twice weekly for 22 weeks, and
allowed to develop tumors during the following 13 weeks, and then treated with oral
administration of black tea for 11 weeks. The tea treatment markedly decreased the number
and volume of nonmalignant and malignant tumors (by 54% to 84%). In CD1 mice with
established papillomas (initiated with DMBA and promoted with TPA), oral administration
of black tea for 11 to 15 weeks inhibited the growth of papillomas (by 35% to 48%), but
decaffeinated black tea gave inconsistent results (Lu et al., 1997). We have also shown that
topical application of green tea polyphenols resulted in significant decrease in UVB-induced
bifold-skin thickness, skin edema, infiltration of leukocytes and inhibition of MAPKSs and
NFkB pathways in SKH-1 hairless mice (Afaq et al., 2003). Consumption of tea had
protective effect on cutaneous malignant melanoma in a case-control study conducted in
Italy (Naldi et al., 2004). In a population-based case-control study, subjects who reported
consumption of both hot black tea and citrus peel had a significant marked decrease in the
development of SCC (Hakim and Harris, 2001).

Lung Cancer

Studies of the effects of green and black teas on the development of lung cancer in mice
could have promising implications for humans. Brewed black tea and theaflavins have been
shown to protect against NNK-induced pulmonary hyperproliferation and tumorigenesis in
mice initiated with NNK. In mice that already developed lung adenomas (16 weeks after the
NNK dose), oral administration of brewed black tea inhibited the progression of adenoma to
adenocarcinoma. Administration of theaflavins (0.1%) as the sole source of drinking fluid,
starting 2 days after the NNK treatment until the termination of the experiment, significantly
reduced the tumor multiplicity and volume by 23% and 34% respectively (Yang et al.,
1997). Recently, patterns of gene expressions were identified and offer clues for green tea’s
potential mechanisms of action and provide a molecular signature specific for green tea
exposure (Lu et al., 2006). Black tea has been reported to suppress cell proliferation and
induce apoptosis in benzo(a)pyrene-induced lung carcinogenesis in mice (Banerjee et al.,
2005). Black tea and green tea infusions have also been shown to inhibit the spontaneous
formation of lung tumors and rhabdomyosarcomas in A/J mice. Treatment with black tea or
green tea for 60 weeks significantly reduced lung tumor incidence from 52—-27%,
multiplicity from 0.72-0.33 tumors/mouse and volume from 38.3—-4.27mms3. The incidence
and multiplicity of rhabdomyosarcomas were also reduced significantly by green and black
tea. The body weights and particularly the body fat weights (as measured by the
retroperitoneal fat pad weight) of the mice in the tea-treated groups were significantly lower
than in the control group (Landau et al., 1998). The effects of black tea and caffeine on lung
tumorigenesis in F344 rats induced by NNK in a two-year bioassay were examined. After 20
weeks of NNK administration, the animals were given either 2% black tea infusions or
caffeine for 22 weeks. Black tea caused a significant reduction of the total lung tumor
(adenomas, adenocarcinomas, and adenosquamous carcinomas) incidence (from 47-19%).
Caffeine treatment also caused a remarkable reduction of the lung tumor incidence (from
47-10%). It appears that caffeine could account for the inhibitory activity of black tea. In a
previous study with A/J mice, however, pure EGCG was shown to be slightly more effective
than caffeine in inhibiting lung tumorigenesis when both compounds were used at
concentrations corresponding to those present in 2% green tea (Xu et al., 1992). The above
results clearly demonstrated the inhibition of lung tumorigenesis by different tea
preparations. In a population-based case-control study in Shanghai, China, consumption of
green tea was associated with a reduced risk of lung cancer among nonsmoking women and
the risks decreased with increasing consumption (Zhong et al., 2001). In a case control study
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in Uruguay, tea drinking is associated with reduced risk of lung cancer in male cigarette
smokers (Mendilaharsu et al., 1998). A protective effect of frequent (daily or several times
per week) black tea drinking appeared among non-smoking women in a case control study
(Kubik et al., 2004).

Liver cancer

A significant decrease in the incidence of NNK-induced liver tumors (from 34-12%) in rats
receiving 2% black tea was reported (Chung et al., 1998). Inhibitory effects of individual tea
catechins, black tea extract, and Oolong tea extract (0.05 or 0.1%) on hepatic preneoplastic
GST-positive foci formation were demonstrated in rats treated with a single dose of NDEA
and then phenobarbital in the drinking water for a period of six weeks (Matsumoto et al.,
1996). In a study, GTP inhibited the development of hetrocyclic amine, NDMA and NDEA.-
induced preneoplastic GST-positive hepatic foci (Hirose et al., 1995). Recent findings
suggest that regular intake of green tea may reduce the carcinogenic risk posed by an
environmental pollutant, pentachlorophenol (Umemura et al., 2003). A population based
case-control study was conducted in Taixing, Jiangsu province to explore the role of green
tea in decreasing the risks of liver cancer among alcohol drinkers or cigarette smokers.
Green tea drinking decreased the risk for the development of liver cancer by 78% among
alcohol drinkers and 43% among cigarette smokers (Mu et al., 2003). The administration of
tea polyphenols and tea pigments in drinking water caused decrease in the number and area
of GST-P-positive foci, cyclin D1, cdk4 and induction of p21 in liver of Wistar rats (Jia et
al., 2002).

Pancreatic and bladder cancer

EGCG treatment caused significant suppression of the invasive ability of pancreatic
carcinoma cells PANC-1, MIA PaCa-2, and BXPC-3 (Takada et al., 2002). It has been
reported that EGCG exert a growth-suppressive effect on human pancreatic cancer cells in
vitro (Qanungo et al., 2005). In another study, the incidence and multiplicity of pancreatic
tumors in hamsters decreased when green tea extract was administered after the initiation of
pancreatic tumorigenesis. They also observed the inhibitory effect of green tea extract on the
growth of transplanted pancreatic cancer (Hiura et al., 1997). A combination of low dose tea
polyphenol (50 ppm) and B-carotene also inhibited the lesion development. Inhibition of N-
butyl-N-(4-hydroxybutyl)-nitrosamine-induced urinary bladder tumors in rats by green tea
has been reported, when administered either as an infusion in the drinking fluid or in a solid
form in the diet (Sato, 1999). In a large population-based case-control study conducted in
Shanghai, China, an inverse association with pancreatic cancer was observed with increasing
amount of green tea consumption (Ji et al., 1997). GTP caused decrease in the numbers of
hyperplasia and total pancreatic duct lesions in Syrian hamsters (Majima et al., 1998).

Gastrointestinal tract cancer

It was demonstrated that oral administration of 1.5% green tea or other tea preparations as
drinking fluid, starting two weeks before initiation with DMBA and proceeding until the end
of the experiment, significantly reduced the incidence of oral dysplasia and carcinoma in
Syrian golden hamsters. The treatment also reduced the frequency of micronucleated cells,
the proliferation index and the level of epidermal growth factor (EGF) receptor expression in
oral mucosal cells (Li et al., 1999). The inhibitory effect of EGCG on N-methyl-N'-nitro-N-
nitrosoguanidine (MNNG)-induced glandular stomach carcinogenesis in rats and on N-ethyl-
N’-nitro-N-nitrosoguanidine (ENNG)-induced duodenal carcinogenesis in mice has been
reported (YYamane et al., 1996). Green tea extract administration also inhibited intestinal
tumor formation in the Apc mutant Min mice, and the effect was enhanced synergistically
when combined with sulindac (Suganuma et al., 2001). The protective effect of black tea
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extract on AOM-induced intestinal carcinogenesis in F344 rats has been shown (Caderni et
al., 2000). EGCG was found to inhibit growth and activation of the epidermal growth factor
receptor and human epidermal growth factor receptor-2 signaling pathways in human colon
cancer cells (Shimizu et al., 2005). In a population based case-control study conducted in
Taixing, Jiangsu province, green tea decreased risk for the development of stomach cancer
by 81% and esophageal cancer by 39% in alcoholics and development of stomach cancer by
16% and esophageal cancer by 31% among cigarette smokers (Mu et al., 2003). In a case-
control study conducted in Jiangsu, China, drinking green tea was found to decrease the risk
of esophageal and gastric cancers (Wang et al., 1999). It has been reported that small
intestinal tumorigenesis was inhibited in a dose-dependent manner by oral administration of
EGCG which was accompanied by increased levels of E-cadherin and decreased levels of
nuclear B-catenin, c-myc, phospho-Akt, and phospho-ERK1/2 in small intestinal tumors in
Apc (min/+) mice (Ju et al., 2005).

Breast Cancer

Since the 1980s, the incidence of late-onset breast cancer has been increasing in the United
States. Known risk factors, such as genetic modifications, have been estimated to account
for approximately 5-10% of breast cancer cases. Dietary habits may have a role in breast
cancer risk and prevention as well. Recently, EGCG was found to suppress Wnt signaling in
invasive breast cancer cells (Kim et al., 2006). GTPs have been reported to have effect on
growth and metastasis of highly metastatic mouse mammary carcinoma 4T1 cells in vitro
and in vivo systems. Treatment of EGCG-rich GTP in drinking water to 4T1 cells bearing
BALB/c mice resulted in reduction of tumor growth accompanied with increase in Bax/
Bcl-2 ratio, reduction in PCNA and activation of caspase 3 in tumors. Metastasis of tumor
cells to lungs was inhibited and survival period of animals was increased after treatment
with GTP (Baliga et al., 2005). Green tea or EGCG exhibited chemopreventive action on
DMBA-induced mammary carcinogenesis only when given in the postinitiation stage, and
the effect was not dose dependent. Indeed, green tea ingestion markedly increased the mean
latency of tumors and reduced the tumor burden and the number of invasive tumors in rats
with DMBA-induced mammary carcinogenesis (Kavanagh et al., 2001). Recently, a specific
formulation of lysine, proline, arginine, ascorbic acid and green tea extract significantly
reduced the incidence and growth of MNU-induced mammary tumors in Sprague-Dawley
rats (Roomi et al., 2005). In a case-control study conducted among Asian-American women
in Los Angeles County, a significant inverse relationship between intake of green tea and
risk of breast cancer was reported (Wu et al., 2003a). In a population-based case-control
study of breast cancer in Chinese, Japanese and Filipino-American women, and the risk of
breast cancer was found to be significantly decreased by green tea intake (Wu et al., 2003b).
Increased consumption of green tea was closely associated with decreased numbers of
axillary lymph node metastases among patients with stage | and Il breast cancer in Japan
(Nakachi et al., 2000). Recently, a meta-analysis which included 13 papers examined
populations in eight countries and provided data on consumption of either green tea or black
tea, or both in relation to breast cancer risk. The results indicated a lower risk for breast
cancer with green tea consumption (Sun et al., 2006).

Prostate Cancer

Our interest in a potential preventive effect of green tea on prostate cancer stemmed from
the epidemiological observations of the low incidence of prostate cancer among Japanese
and Chinese populations with a high intake of green tea. In studies using the transgenic
adenocarcinoma of the mouse prostate (TRAMP), an animal model that mimics progressive
forms of human prostatic disease, GTP consumption was found to significantly inhibit
prostate cancer development and metastasis. This was achieved by an oral infusion of GTP
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equivalent to six cups of green tea a day, i.e. at an achievable dose in humans (Gupta et al.,
2001). Studies on cell-culture systems using human prostate cancer cells DU145 (androgen-
insensitive) and LNCaP (androgen-sensitive) showed that EGCG induces apoptosis, cell-
growth inhibition and cell-cycle dysregulation (Adhami et al., 2003). EGCG was also
reported to reduce the expression of PSA and inhibits its activity in a dose-dependant way,
thereby reducing prostate cancer aggressiveness (Pezzato et al., 2004). In addition, elevated
levels of IGF-1, coupled with lowering of IGF-binding protein-3 (IGFBP-3) are associated
with a greater risk of developing prostate cancer. GTP infusion has been shown to reduce
the levels of IGF-1 and concomitantly increase IGFBP-3 with marked inhibition of markers
of angiogenesis and metastasis. This leads to a reduction in the downstream signaling and
inhibition of protein expression, hence inhibiting prostate cancer development and
progression. (Adhami et al., 2004; 2006). We have shown that GTP feeding to TRAMP
mice resulted in marked inhibition of prostate cancer progression which was associated with
reduction of S100A4 and restoration of E-cadherin (Saleem et al., 2005). Evidence from a
case-control study conducted in south-east China assessing 130 patients with histologically
confirmed incidental prostate cancer and 274 patients without cancer matched by age,
showed that the prostate cancer risk declined with increasing frequency, duration and
quantity of green tea consumed. This reduction was statistically significant, suggesting that
green tea protects against prostate cancer (Jian et al., 2004). It is also shown that green and
black tea significantly reduced prostate tumors. The combination of soy phytochemical
concentrate (SPC) and green tea synergistically inhibited final tumor weight and metastasis,
and significantly reduced serum concentrations of both testosterone and dihydrotestosterone
in vivo. Inhibition of tumor progression was associated with reduced tumor cell proliferation
and tumor angiogenesis (Zhou et al., 2003). Recently, we have shown that green and black
tea inhibits CWR22Rv1 tumor growth and PSA secretion in athymic nude mice (Siddiqui et
al., 2005). In a recent study in Italy, green tea given in the form of capsules demonstrated
cancer preventive activity against prostate cancer in patients who had premalignant lesions
and were at high risk to develop prostate cancer (Bettuzzi et al., 2006). We have reported
that EGCG induced apoptosis in human prostate carcinoma LNCaP cells via stabilization of
p53 by phosphorylation on critical serine residues and p1l4ARF-mediated downregulation of
murine double minute 2(MDM2) protein, negative regulation of NF-«kB activity, activation
of caspases, causing a change in the ratio of Bax/Bcl-2 in a manner that favors apoptosis and
poly (ADP-ribose) polymerase (PARP) cleavage (Hastak et al., 2003). EGCG treatment of
LNCaP and DU145 cells resulted in induction of G1 phase ckis, which inhibits the cyclin-
cdk complexes operative in the GO/G1 phase of the cell cycle, thereby causing an arrest
which ultimately leads to apoptotic cell death (Gupta et al., 2003). Using isogenic cell lines,
we have demonstrated that EGCG activates growth arrest and apoptosis in prostate
carcinoma cells primarily via p53-dependent pathway that involves the function of both p21
and Bax such that down-regulation of either molecule confers a growth advantage to the
cells (Hastak et al., 2005). Recently, we have shown that treatment of human prostate cancer
cells LNCaP, PC-3, and CWR22Rv1 with combination of EGCG and Cox-2 inhibitor
resulted in enhanced cell growth inhibition, apoptosis induction and inhibition of NF-«xB. In
athymic nude mice, implanted with CWR22Rv1 cells, combination treatment with GTP and
celecoxib resulted in enhanced tumor growth inhibition, lowering of PSA and IGF-1 levels,
and increase in IGFBP-3 levels (Adhami et al., 2007). Based on all evidences, green tea
clearly has a marked effect by reducing the development of prostate cancer.

Cardiovascular Diseases

The onset of cardiovascular disease (CVD) depends on numerous factors that can be
modulated by components in the diet. In coronary heart disease, atherosclerotic plaques
protrude from the inner surface of the arteries, narrow the lumen, and reduce blood flow. At
the first stage, low-density lipoprotein (LDL) deposits at lesion sites of the arterial wall and
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is subjected to oxidation when protectors such as tocopherols are depleted. Later, oxidation
of LDL induces modification in lipoproteins, stimulates inflammatory reactions, causes
monocytes and monocyte-derived macrophages to accumulate in large amounts of oxidized
LDL, and forms lipid-laden foam cells and atherosclerotic plaques. The intake of saturated
fat and smoking habits accelerate these events. Underlying mechanisms for the beneficial
effects of tea include vasculoprotective, antioxidative, antithrombogenic, anti-inflammatory
and lipid-lowering properties of tea flavonoids (Stangl et al., 2006). The intake of green tea
has been inversely associated with the development and progression of atherosclerosis and it
has been reported that dietary green tea intake preserves and improves arterial compliance
and endothelial function (Murakami and Oshato, 2003). In a prospective cohort study in
Saitama Prefecture, Japan, a decreased relative risk of death from CVD was found for
people consuming over 10 cups of green tea a day, and green tea also had life-prolonging
effects on cumulative survival (Sueoka et al., 2001). Recent studies conducted in vitro, with
animal models, and with humans suggest that tea and its components can play a protective
role in the development of CVD. Epidemiological evidence, particularly from a 10-15 year
follow-up of cohorts of 550-800 men from the Zutphen Study in Netherlands, reveals a
strong inverse association between flavonol intake and coronary heart disease (CHD)
mortality (Hertog et al., 1997). Rats fed with 2.5% green tea leaves in the diet for a long
time had a reduction in blood triglycerides and total cholesterol contents, enhancement in
the superoxide dismutase and phase Il enzyme activities in the liver without any liver or
kidney damage (Lin et al., 1998). Green tea also increases the activity of SOD in serum and
the expression of catalase in the aorta, enzymes implicated in cellular protection against
reactive oxygen species. This action is combined with direct action on oxygen species by a
decrease in the nitric oxide plasma concentration (Negishi et al., 2004). Green tea catechins
affect lipid metabolism by different pathways and prevent the appearance of atherosclerotic
plaque. Its intake decreases the absorption of triglycerides and cholesterol and these findings
are in accordance with the fact that it increases excretion of fat (Raederstorff et al., 2003).

In a case-control study, the relation between tea and coffee consumption and myocardial
infarction was studied. There was 44% reduction in cardiovascular risk in the individuals
drinking more than a cup of tea per day. There was no significant relation between coffee
consumption and cardiovascular disease (Sesso et al., 1999). A recent study examined the
effect of tea consumption on recurrent myocardial infarction in patients. Using a prospective
cohort design, Mukamal and colleagues examined tea consumption in 1900 patients in the
Myocardial Infarction Onset Study, a study that examined patients with myocardial
infarction presenting to community hospitals in the United States (Mukamal et al., 2002).
Tea consumption was assessed by questionnaire and the patients were followed for 3.8
years. This study demonstrated a 31% and 39% reduction in cardiovascular risk in moderate
and heavy tea drinkers after adjustment for other risk factors. In a study with a follow-up
duration of two to three years, aortic atherosclerosis via X-ray measurement of calcified
deposits in the abdominal aorta of humans was measured. The odds ratio for drinking 1-2
cups of black tea daily was less when compared with those drinking more than four cups
(Geleijnse et al., 1999). In a cross sectional study of 512 coronary patients (302 men and 210
women), it was shown that green tea may be protective against coronary atherosclerosis in
men but not in women (Sasazuki et al., 2000). In a prospective cohort study of 8522 men
and women, it was reported that consuming >10 cups/day of green tea is linked with a
decreased relative risk of death from cardiovascular disease in men and women (Nakachi et
al., 1998). An inverse correlation was demonstrated between catechin intake and coronary
heart disease mortality after a 25-year follow-up of 12763 men from seven different
countries (Hertog et al., 1995). A meta-analysis suggested a decrease in the rate of
cardiovascular disease outcomes with increasing green tea consumption (Peters et al., 2001).
An inverse association of green tea intake and myocardial infarction and its genetic variation
has also been reported (Hirano et al., 2002). Research on both overall cholesterol status and

Life Sci. Author manuscript; available in PMC 2011 November 18.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Khan and Mukhtar

Diabetes

Obesity

Page 11

the mechanisms which regulate cholesterol metabolism indicate that tea itself and various
tea ingredients such as EGCG, polyphenols and catechins can prevent or reduce cholesterol
related events that could lead to CVD. The use of tea to control hypertension and obesity
may also impact on the incidence of CVD.

Type |l diabetes is a heterogeneous disorder that involves resistance of glucose and lipid
metabolism in peripheral tissues to the biological activity of insulin and inadequate insulin
secretion by pancreatic B-cells. Various animal models and treatments mimic diabetes:
Zucker rats (which are genetically obese), injection of streptozotocin or alloxan (which
destroys pancreatic B-cells), and treatment with sucrose-rich diets (which induces obesity
and insulin resistance). The effects of tea on obesity and diabetes have received increasing
attention. Tea catechins, especially EGCG, appear to have antiobesity and antidiabetic
effects (Kao et al., 2006). African black tea extract has been shown to possess suppressive
effect on the elevation of blood glucose during food intake and the body weight in KK-A(y)/
TaJcl diabetic mice (Shoji Y and Nakashima, 2006). While few epidemiological and clinical
studies show the health benefits of EGCG on obesity and diabetes, the mechanisms of its
actions are emerging based on the various laboratory data. These mechanisms may be
related to certain pathways, such as through the modulations of energy balance, endocrine
systems, food intake, lipid and carbohydrate metabolism and the redox status (Yang et al.,
2001). These results suggest that green tea catechins could act as preventive agents and
could have a beneficial effect against lipid and glucose metabolism disorders implicated in
type Il diabetes.

Recently, it has been shown in a double-blind, placebo-controlled, cross-over design study
that consumption of a beverage containing green tea catechins, caffeine, and calcium
increases 24-hour energy expenditure by 4.6%, but the contribution of the individual
ingredients cannot be distinguished. It was suggested that such modifications were sufficient
to prevent weight gain (Rudelle et al., 2007). It has been reported that the body weights of
rats and their plasma triglyceride, cholesterol and LDL-cholesterol have been significantly
reduced by feedings of Oolong, black, and green tea leaves to the animals. It is also
suggested that the inhibition of growth and suppression of lipogenesis in MCF-7 breast
cancer cells may be through down-regulation of fatty acid synthase gene expression in the
nucleus and stimulation of cell energy expenditure in the mitochondria (Lin and Lin Shiau,
2006). EGCG purified from green tea when given to mice in diet decreased diet-induced
obesity in mice by decreasing energy absorption and increasing fat oxidation (Klaus et al.,
2005). Supplementation with tea catechins resulted in a significant reduction of high-fat
diet-induced body weight gain, visceral and liver fat accumulation, and the development of
hyperinsulinemia and hyperleptinemia in C57BL/6J mice (Murase et al., 2002).
Intraperitoneal injection of EGCG caused acute body weight loss in male and female
Sprague-Dawley rats within 2—7 days of treatment. EGCG also significantly reduced or
prevented an increase in body weight in lean and obese male and female Zucker rats (Kao et
al., 2000). On the basis of the in vivo effects of EGCG on body weight loss, body fat, serum
lipid nutrients, thermogenesis, and fat oxidation and of the in vitro effects of EGCG on fat
cell functions, long-term consumption of green tea may decrease the incidence of obesity
and, perhaps, green tea components such as EGCG may be useful for treating obesity. It has
been reported that green tea extract rich in catechins and caffeine has thermogenic properties
and promotes fat oxidation beyond than those explained by its caffeine content per se; the
green tea extract may play a role in the control of body composition via sympathetic
activation of thermogenesis, fat oxidation, or both (Dulloo et al., 1999). The thermogenic
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properties of green tea could reside primarily in an interaction between its high content in
catechins and the presence of caffeine with sympathetically released noradrenaline, since
polyphenols are known to be capable of inhibiting catechol-o-methyl-transferase, and
caffeine of inhibiting trancellular phosphodiesterases. The increased and prolonged
sympathetic stimulation of thermogenesis by the interaction between polyphenols and
caffeine could be of value in assisting the management of obesity (Dulloo et al., 2000).

In a prospective cohort study of a Japanese population with 13-year follow-up data, there
was found an apparent delay of cancer onset/death and all cause deaths associated with
increased consumption of green tea, specifically in persons less than 79 years of age. This is
consistent with analyses of age-specific cancer death rate and cumulative survival,
indicating a significant slowing of the increase in cancer death and all cause death with
aging. These results indicate that daily consumption of green tea in sufficient amounts will
help to prolong life by avoiding premature death, particularly death caused by cancer
(Nakachi et al., 2003). An 8-year follow-up survey was conducted by Saitama Cancer
Center in Japan concerning the effects of green tea on the prolongation of human life using
8500 participants in Saitama Prefecture. The average life span was 66 years for males who
had more than 3 cups of green tea every day and 68 years for females. The average life span
was 70 years for males who had more than 10 cups of green tea per day and 74 years for
females. In this study, a decreased relative risk of death from cardiovascular disease was
also found for people consuming over 10 cups of green tea a day and, importantly, green tea
consumption also had life-prolonging effects on cumulative survival (Fujiki et al., 1996).
We have also shown that consumption of 0.1% GTP to TRAMP mice prolongs their overall
survival more than two fold (Gupta et al., 2001).

Antihistaminic and anti-arthritic effects

Tea consumption was identified as an independent factor protecting against the risk of hip
fractures in women and seven men, respectively, over age 50 in the Mediterranean
Osteoporosis Study (Johnell et al., 1995; Kanis et al., 1999) Consistent with this
observation, in a study, 1,256 British women 65 to 76 years of age, were studied and it was
found that those who drank tea had greater bone mineral density than those who did not
drink tea (Hegarty et al., 2000). The release of histamine from mast cells is associated with
inflammation, dermatis, urticaria, mastocytosis and asthma in allergic responses triggered by
environment antigens. Beside its anti-inflammatory properties, tea extract exhibits an
antihistaminic effect on rat peritoneal mast cells and inhibits hyaluronidase activity (Toyoda
etal., 1997). EGCG can inhibit histamine release up to 90% in rat cell culture. The
inhibitory effect of the histamine release is likely related to the triphenol moiety of the
molecule. Quercetin produces an anti-inflammatory activity in cells activated by an antigen
and causes a concentration-dependant inhibition of histamine release (Alexis et al., 1999).
Quercetin also inhibits protein kinase C, an enzyme important in the activation of the
secretory process, by blocking the ATP binding site in the catalytic portion of the enzyme.
GTP produce a significant reduction in arthritis incidence with a marked reduction of
inflammatory mediators, of neutral endopeptidase activity, of 1gG and type |1 collagen-
specific IgG levels in arthritic joints in mice (Haqqi et al., 1999).

Neurological and psychological effects

There are reports that indicate that tea can improve neurologic and psychologic functions.
Recently, it has been reported that tea catechins possesses divalent metal chelating,
antioxidant and anti-inflammatory activities to penetrate the brain barrier and protect
neuronal death in a wide array of cellular and animal models of neurological diseases
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(Mandel et al., 2006). It has been shown that EGCG reduces focal ischemia/reperfusion-
induced brain injury in a rat model (Choi et al., 2004). Theanine acts as a neurotransmitter in
the brain and decreases blood pressure significantly in hypertensive rats. Alpha-waves are a
relaxation index indicating relaxation without drowsiness. In volunteers, alpha-waves are
generated in the occipital and parietal regions of the brain surface within 40 minutes after
administration of theanine in a dose-dependent manner. Theanine is absorbed, modulates
brain serotonin and dopamine levels, improving memory, learning ability and affects
emotions (Juneja et al., 1999). Investigations were carried out in mice with experimentally
induced convulsions to evaluate the effect of acute and chronic administration of green or
black tea. Tea appears to accelerate the onset of convulsion, to increase duration and
mortality. Tea may be acting on Ca2* channels and not through GABA in brain (Gomes et
al., 1999). Recent studies have indicated that in addition to the known antioxidant activity of
catechins, other mechanisms such as modulation of signal transduction pathways, cell
survival/death genes and mitochondrial function, contribute significantly to the induction of
cell viability (Mandel et al., 2005). The promising future treatment of neurodegenerative
diseases and aging depends on availability of effective brain permeable, iron-chelatable/
radical scavenger neuroprotective drugs that would prevent the progression of
neurodegeneration. Tea catechins have been reported to possess potent iron-chelating,
radical-scavenging and anti-inflammatory activities and to protect neuronal death in a wide
array of cellular and animal models of neurological diseases.

Antibacterial and Antiviral effects

The methanolic extract of tea leaves was screened for antimicrobial property against 111
bacteria comprising 2 genera of Gram positive and 7 genera of Gram negative bacteria. Most
of these strains were inhibited by the tea extract. The antibacterial activity of tea extract was
also confirmed in vivo. It protected the Swiss strain of white mice challenged with
Salmonella typhimurium at different dosages (Bandyopadhyay et al., 2005). Recently, it has
been reported that EGCG has an effect on the inhibition of HIV infection and
Staphylococcus aureus infections (Nance and Shearer, 2003). Drinking tea leads to a
reduction of enterobacteria which produce ammonia and other harmful amines and a
beneficial increase in the level of lactobacilli and bifidobacteria which produce organic acids
and lower the intestinal pH (Weisburger, 1999). Tea can have a beneficial effect against
viral infection. Tea polyphenols strongly inhibit rotavirus propagation in monkey cell
culture and influenza A virus in animal cell culture. It is reported that several flavonoids
including EGCG and ECG inhibit retrovirus human immunodeficiency virus (HIV)
propagation by inhibiting reverse transcriptase, an enzyme allowing the establishment of the
virus in host cells (Yamamoto et al., 1997).

Conclusion and future prospects

Tea is a pleasant, popular, socially accepted, economical and safe drink that is enjoyed every
day by hundreds of millions of people across all continents. Tea also provides a dietary
source of biologically active compounds that help prevent a wide variety of diseases. Recent
research in last 30 years identified tea as a Nature’s gift for promoting human health. The
amount of experimental evidence documenting the properties of tea and its constituents
continues to increase. At the same time the factors both endogenous and exogenous, that
influence the incidence and progression of many chronic diseases are becoming better
defined and understood. It is apparent that the tea is a source of a wide range of
phytochemicals that are digested, absorbed and metabolized by the body, and that tea
constituents exert their effects at the cellular level. Tea’s status as a functional food lends
credibility to what has been believed by tea drinkers for centuries. The past five years have
been rich in information coming from laboratories all around the world concerning the
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positive impact of food on human health. More and more emphasis is being placed to define
events at the cellular level. Much interest has been centered on the role of oxidant/
antioxidant activity in regards to the aging process and degenerative diseases like cancer,
cardiovascular disease and diabetes. Epidemiological surveys, though inconclusive, have
associated tea drinking with reduced risk of cardiovascular diseases and cancer, while
studies in cell cultures and animal models indicate a potentially beneficial effect of tea on
Phase I and Il hepatic enzymes, gene transcription, cell proliferation and other molecular
functions. Within the last few years, clinical studies have revealed several physiological
responses to tea which may be relevant to the promotion of health and the prevention or
treatment of some chronic diseases. For the promotion of health, there are various factors
that matters like type of tea (i.e., green, Oolong and black) and preparation (e.g., short vs.
long brew time and hot vs. iced) be important, but so will the frequency and timing of intake
as these factors directly affect the pharmacokinetics and ultimate disposition of the
polyphenols within tissues.

Future research needs to define the actual magnitude of health benefits, establish the safe
range of tea consumption associated with these benefits and elucidate potential mechanisms
of action. Further progress in the evaluation of the effects of tea on humans depends on the
development of new experimental systems. Exploration at the cellular level allows a better
understanding of the underlying mechanisms regulating functions in normal and pathologic
states. Development of more specific and sensitive methods with more representative
models along with the development of good predictive biomarkers will give a better
understanding of how tea interacts with endogenous systems and other exogenous factors. In
order to understand the effect of tea consumption on cancer in humans, additional research
on the pharmacokinetics of tea constituents as well as their mechanisms of action is needed.
Definitive conclusions concerning the protective effect of tea have to come from well-
designed observational epidemiological studies and intervention trials. The development of
biomarkers for tea consumption, as well as molecular markers for its biological effects, will
contribute to better future studies in this area. As tea is already one of the most popular
beverages worldwide, further studies, designed to accurately assess tea consumption and tea
polyphenol status, should be directed to quantifying its role in the primary and secondary
prevention of chronic diseases.
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Preventive effects of tea and tea polyphenols against cancer and cardiovascular diseases in experimental

animals and humans.

Liver cancer

Lung cancer

Gastrointestinal tract cancer

Pancreatic and bladder
cancer

Breast cancer

Disease Preventive effects reported in human
Preventive effects reported in laboratory animals  epidemiological or case-control studies
Skin cancer Prevention of photocarcinogenesis (Mukhtar and In a population-based case-control study, black tea

Ahmad, 2000; Yang and Wang, 1993)

Decrease in progression of papillomas to SCC
(Katiyar et al., 1997)

Reduction in tumor incidence or multiplicity and
tumor growth (Nihal et al., 2005; Lu et al., 1997)
Decrease in papilloma formation and size (Conney
etal., 1999)

Decrease in UVB-induced bifold-skin thickness,
skin edema and infiltration of leukocytes,
suppression of UV-induced MAPKs and NFxB
(Afaq et al., 2003)

Increase in the rate and extent of disappearance of
the mutant p53-positive patches (Lu et al., 2005)
Reduction in skin tumor incidence, tumor
multiplicity, tumor growth, inhibition of MMPs,
VEGF and PCNA, increase in CD(8+) T cells and
caspase-3 activity (Mantena et al., 2005)

Decrease in GST positive hepatic foci (Xu et al.,
1992; Zhong et al., 2001)

Inhibition of hepatocarcinogenesis, reduction in
tumor multiplicity and tumor incidence (Landau et
al., 1998)

Decrease in number and area of GST-P-positive
foci, induction of p21, inhibition of cyclin D1 and
cdk4 (Jia et al., 2002)

Reduction in tumor volume (Landau et al., 1998)
Reduction in tumor incidence and multiplicity
(Landau et al., 1998; Banerjee et al., 2005)
Reduction in progression of adenoma to
adenocarcinoma (Naldi et al., 2004)

Reduction in tumor incidence and multiplicity,
inhibition of tumor promotion (Hiura et al., 1997;
Takada et al., 2002; Qanungo et al., 2005)

Inhibition of small intestinal tumorigenesis, increase
in E-cadherin and decrease in nuclear beta-catenin,
c-myc, phospho-Akt, and phospho-ERK1/2 in small
intestinal tumors (Ju et al., 2005)

Inhibition of pancreatic tumor initiation, hyperplasia
and total duct lesion (Hirose et al., 1995)

Decrease in the numbers of hyperplasia and total
pancreatic duct lesions (Majima et al., 1998)
Inhibition of formation of bladder tumors (Umemura
etal., 2003)

Increase in mean latency of tumors (Li et al., 1999)
Decrease in tumor incidence, multiplicity and tumor
size (Suganuma et al., 2001)

Reduction of tumor growth accompanied with
increase in Bax/Bcl-2 ratio, reduction in PCNA and
activation of caspase 3 (Baliga et al., 2005)

intake was found to be associated with decreased risk
of skin SCC (Hakim and Harris, 2001)

Protective effect of tea on cutaneous malignant
melanoma in a case-control study (Naldi et al., 2004)

Inhibition of liver cancer by green tea (Sueoka et al.,
2001)

In a population based case-control study conducted in
Taixing, Jiangsu province, green tea drinking decreased
risk for the development of gastric cancer by 78% in
alcoholics and by 48% among cigarette smokers (Mu et
al., 2003).

In a case-control study in Uruguay, heavy drinkers of
tea were associated with a reduced risk (Mendilaharsu
etal., 1998)

In a population-based case-control study in Shanghai,
among nonsmoking women, green tea was associated
with a decreased risk of lung cancer and the risks
decreased with increased consumption (Zhong et al.,
2001)

In a case control study, a protective effect of frequent
(daily or several times per week) black tea drinking
against risk of lung cancer appeared among non-
smoking women (Kubik et al., 2004)

In a population based study in Japan, green tea
decreased development of gastric cancer and
esophageal cancer (Wang et al., 1999)

Green tea caused reduction in risk for the development
of stomach cancer by 81% in alcoholics and by 16%
among cigarette smokers in a case control study in
Taixing, China (Mu et al., 2003)

In same study, there was decrease in esophageal cancer
by 39% in alcoholics and by 31% among cigarette
smokers (Mu et al., 2003)

In a large population-based case-control study
conducted in Shanghai, China, decrease in pancreatic
cancer with increasing amount of green tea
consumption (Ji et al., 1997)

Decrease in urinary bladder cancer (Lambert and Yang,
2003)

Increased consumption of green tea was closely
associated with decreased numbers of axillary lymph
node metastases in patients with stage | and 11 breast
cancer (Nakachi et al., 2000)

In a case control study, significant decrease in risk of
breast cancer (Wu et al., 2003)

In a population-based case-control study of breast
cancer in Chinese, Japanese, and Filipino-American
women in Los Angeles County, green tea drinkers
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Disease

Preventive effects reported in laboratory animals

Preventive effects reported in human
epidemiological or case-control studies

Prostate cancer

Cardiovascular disease

Delay in primary tumor incidence and tumor burden,
decrease in PCNA, inhibition of CaP development
and increase in survival time (Gupta et al., 2001)
Reduction in IGF-1 and increase in IGFBP-3,
inhibition of markers of angiogenesis and metastasis
(Adhami et 2006)

Decrease in tumor size (Kavanagh et al., 2001)
Decrease in PSA secretion (Wang et al., 1999;
Roomi et al., 2005)

Inhibition of CaP development and metastasis
(Mantena et al., 2005)

Inhibition of CaP progression with reduction of
S100A4 and restoration of E-cadherin (Saleem et al.,
2005)

Inhibition in growth of implanted level PSA,
induction of apoptosis prostate tumors, reduction in
the level of serum with upregulation in Bax and
decrease in Bcl-2, decrease in VEGF (Siddiqui et al.,
2006)

Vasculoprotective, antioxidative, antithrombogenic,
anti-inflammatory lipid-lowering effects (Wu et al.,
2003) EGCG caused decrease in cholesterol in
plasma, hepatic total cholesterol, triglyceride and
cholesterol absorption and LDL cholesterol

Increase in fat excretion and HDL cholesterol
(Raederstroff et al., 2003)

Green tea caused reduction in systolic and diastolic
blood pressure, increase in catalase expression
(aorta)

Decrease in nitric oxide plasma concentration
(Negishi et al., 2004)

Green tea leaves in diet caused in reduction in blood
triglycerides and total cholesterol contents (Stangl et
al., 2006)

showed a significantly reduced risk of breast cancer
(Wu et al., 2003)

In Japan, women consuming >10 cups of tea had lower
risk for breast cancer metastasis and recurrence
(Lambert and Yang, 2003)

A meta-analysis examined populations in eight
countries indicate a lower risk for breast cancer with
green tea consumption (Sun et al., 2006)

In a case-control study conducted in South-east China,
prostate cancer risk declined with increasing frequency,
duration and quantity of green tea consumed (Baliga et
al., 2005)

Chemopreventive effect of green tea in patients of HG-
PIN in Italy (Bettuzzi et al., al., 2004, 2006)

Consuming > 10 cups/day of green tea is linked with
decreased relative risk of death from CVD in men and
women (Nakachi et al., 1998)

In a case control study, 44% decrease in cardiovascular
risk in the individuals drinking more than a cup of tea
per day (Sesso et al., 1999)

Inverse association between tea intake and coronary
heart disease mortality (Nakachi et al., 2000)

Decrease in aortic atherosclerosis in a cross sectional
study of 512 coronary patients (Sasazuki et al., 2000)
Decrease in rate of CVD with increased green tea
consumption(Peters et al., 2001)

Decrease in relative risk of death from CVD for people
consuming over 10 cups of green tea a day (Sueoka et
al., 2001)

In a prospective cohort study, 31 and 39% reduction in
cardiovascular risk in moderate and heavy tea drinkers
(Mukamal et al., 2002)

Inverse association of green tea intake and myocardial
infarction (Hirano etal., 2002)

Inverse association of green tea with atherosclerosis
(Wu et al., 2003)

Green tea Improves arterial compliance and endothelial
function (Wu et al., 2003)
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