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Abstract

The American Cancer Society estimates that in the 1980s more than 4.5 million
Americans died of cancer. In addition, there were nearly nine million new cases and
about 12 million people were under medical care for cancer. With cancer being the
second most common cause of death in the United States population, the possibility
that readily-available natural substances may be beneficial in the prevention of cancer
warrants closer examination. A growing body of research has demonstrated green tea
polyphenols to be powerful antioxidants with anticarcinogenic properties. These polyphe-
nolic compounds, specifically the catechins epigallocatechin-3-gallate (EGCG),
epigallocatechin (EGC), and epicatechin-3-gallate (ECG), which account for 30-40
percent of the extractable solids of green tea leaves, are believed to mediate many of
the cancer chemopreventive effects. Mechanisms of action may include antioxidant
and free-radical scavenging activity, and stimulation of detoxification systems through
selective induction or modification of phase | and phase Il metabolic enzymes. In addi-
tion, green tea may inhibit biochemical markers of tumor initiation and promotion, in-
cluding the rate of cell replication and thus inhibition of the growth and development of
neoplasms. Current studies are hopeful, as they show an inverse association between
green tea consumption and cancer risk, supporting a possible chemopreventive effect
of green tea. Based on the knowledge that green tea is inexpensive, non-toxic, and is
a popular beverage consumed worldwide, clinical trials should be conducted to evalu-
ate the /n-vivo effectiveness of green tea polyphenols on the inhibition and
chemopreventive treatment of cancer.
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Introduction

Camellia Snensis, amember of the Theaceae family, is an evergreen shrub or tree that
can grow to aheight of 30 feet, but is usually clipped to aheight of 2-5 feet in cultivation. The
tree or shrub is heavily branched with dark-green, hairy, oblong-ovate leaves cultivated and
preferentially picked as young shoots. Older leaves are considered to be of inferior quality.

Although both green and black teas are derived from Camellia sinensis, it isthe produc-
tion process which differentiatesthe two typesof tea. Initialy, after the young leaves are picked,
they are allowed to wilt and then rolled. The leaves are allowed to ferment, converting the
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Figure 1. Green Tea Polyphenols.
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minerals (depending on the soil
content, aluminum and
manganese are particularly
prominent), caffeine, and very
small amounts of other
methylxanthines such as
theophylline, theobromine, and
theanine. Depending on the
amount of oxidation and
condensation of catechins, green
teamay also contain constituents
commonly found in black tea,
such as theaflavin, theaflavic
acids, volatile compounds, and
thearubigens.34

Phar macokinetics of

polyphenol sto phlobaphenes and forming aro-
matic compounds. Fermentation occurs as|eaf
enzymes, including polyphenol oxidase, react
with tannins and catechins.! With green tea
production, the young leaves are not allowed
to oxidize. Instead, they are steamed, which
inactivates the enzymes (i.e. polyphenol oxi-
dase), thus preserving the polyphenols.

Chemical Composition of Green Tea

The chemical composition of greentea
issimilar to that of the young shootsinitially
cultivated. It contains many polyphenolic
compounds, which account for 30-40 percent
of the extractable solids of dried green tea
leaves, with most of the polyphenols being
flavanols more commonly known as
catechins.?® The primary catechinsin greentea
are epicatechin (EC), epicatechin-3-gallate
(ECG), epigallocatechin (EGC), and
epigallocatechin-3-gallate (EGCG).? Other
polyphenols include flavanols and their
glycosides and depsides, such ascholorogenic
acid, coumaroylquinic acid, and one unique
to tea, theogallin (3-galloylquinic acid).* Also
present are quinic acids, carotenoids,
trigalloylglucose, lignin, protein, chlorophyll,

Green Tea

The pharmacokinetics of tea polyphe-
nols following an oral dose has been moder-
ately studied in human subjects. Evidence ex-
ists to support the fact that ingested polyphe-
nols and their metabolites provide alocalized
tissue action, inaddition toindirect gastrointes-
tinal effects, dueto demonstration of polyphe-
nol concentrationsin blood, urine, saliva, and
fecesfollowing oral ingestion of greenteain-
fusion or catechin extracts.>’

Ina56-day study with 10 healthy adult
subjects, researchers demonstrated the effects
of green and black tea consumption on uri-
nary and fecal excretion, and whole blood and
blood serum concentrations, of polyphenols.
Green tea consumption resulted in the great-
est fecal and urinary excretions, highest reten-
tion, and highest whole blood concentrations
of polyphenols compared with black tea,
decaffeinated black tea, and no tea treatment.
Theresults of thisstudy demonstrate green tea
polyphenols are at least partly absorbable.®

To better understand the bioavail ability
of teacatechins, Yang et al® gave 18 individuals
different amounts of green tea and measured
the time-dependent plasma concentrationsand
urinary excretion of teacatechins. After taking
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1.5, 3.0, and 4.5 grams of decaffeinated green
tea solids dissolved in 500 ml of water, the
maximum plasma concentration values
(Cmax) were observed at 1.4-2.4 hours after
ingestion. Cmax results were 326 ng/ml for
EGCG, 550 ng/ml for EGC, and 190 ng/ml
for EC. When the dosage was increased from
1.5 to 3.0 g, the Cmax values increased 2.7-
3.4 fold, but increasing the dose to 4.5 g did
not change the Cmax values significantly,
indicating a saturation phenomenon. The half-
life of EGCG was approximately 5-5.5 hours,
almost twice that of EGC or EC (2.5-3.4 h).
EGC and EC, but not EGCG, were excreted
in the urine, with over 90 percent of the total
urinary EGG an EC excreted within eight
hours. Although the amount of EGC and EC
excretion seemed to increase when the tea
dosage was increased, a clear dose-response
relationship was not observed.® It was also
demonstrated and concluded that catechins
from green and black teaare rapidly absorbed
and the addition of milk does not impair
bioavailability of tea catechins.®

In another study, an infusion of green
tea containing approximately 400 mg of cat-
echins was given to healthy volunteers, and
plasma and urine samples were collected.
EGCG and ECG were detected in plasma
samples, reaching maximum concentration at
2 hours. Urine samples collected at 6-48 hours
contained detectabl e amounts of catechin me-
tabolites totaling 60 mg.® In a similar study,
further light was shed on the ability to main-
tain serum levels of catechins following re-
peated tea consumption. Van Het Hof et al
examined plasmaand lipoprotein levelsof tea
catechins in 18 healthy adults, in an incom-
plete balanced cross-over design. The subjects
consumed one cup every two hoursfor atotal
of eight cupsper day for threedays, with blood
samples being drawn in the morning and
evening of each day. Plasma total catechin
concentration was determined in all blood
samples and distribution of catechins among

lipoproteins was evaluated at the end of the
study. It wasfound that repeated tea consump-
tion during the day rapidly increased plasma
total catechin levels, whereas they declined
overnight when no tea was consumed. Blood
levels rapidly declined, with an elimination
half-life (t1/2) of 4.8 hours. Green teacatechins
werefound mainly in the protein-rich fraction
of plasma (60%) and in high-density lipopro-
teins (23%).81°

A final point of interest in the pharma-
cokinetics of green tea is another study by
Yang et a,’ in which human salivary tea cat-
echin levels were investigated following oral
consumption of a green tea infusion. After
drinking green tea preparations equivalent to
2-3 cups of tea, peak saliva levels of EGC
(11.7-43.9 mcg/ml), EGCG (4.8-22 mcg/ml),
and EC (1.8-7.5 mcg/ml) were observed after
severa minutesin six human volunteers. These
recorded levelswere two orders of magnitude
higher than those in the plasma, although the
t1/2 of salivary catechinswasonly 10-20 min-
utes. Holding atea solution in the mouth for a
few minutes without swallowing produced
even higher salivary catechin levels. Holding
an EGCG solution in the mouth resulted in
EGCG and EGC in the saliva, and subse-
guently, EGC in the urine, suggesting EGCG
was converted to EGC in the oral cavity and
that both catechinswere absorbed through the
oral mucosa. A catechin esterase which con-
verts EGCG to EGC was found in the saliva;
however, the activity of this enzyme was not
inhibited by acommon human esteraseinhibi-
tor. When the volunteers took a capsule of
green tea solids there were no detectable sali-
vary levelsof catechins Theresultsof the study
suggest slow drinking of green teais a very
effective way to deliver high concentrations
of catechinsto the oral cavity and esophagus.
The researchers emphasi ze the importance of
these findings because of the possible appli-
cation of green tea in the prevention of oral
and esophageal cancers.
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M echanism of Action

High concentrations of polyphenols
aretypically foundin plants such asfruits, tea,
and vegetables. Due to their multiple struc-
ture-conditioned interactions with various
biomolecules, they exhibit a variety of roles,
including modulation of various enzyme sys-
tems, antioxidant, and chelating properties.
Research is beginning to highlight the impor-
tant role these natural substances play in the
promotion and maintenance of health.

Despite the growing body of research
demonstrating tea polyphenols to be power-
ful antioxidants with antiatherogenic and
anticarcinogenic properties, understanding of
the mechanismsinvolved in the biological ef-
fects of green teaisfar from complete. Initia
studies focused on: (1) antioxidant and free-
radical scavenging activity which may play a
rolein lowering LDL-cholesterol, with acon-
sequent decreased risk of cardiovascular dis-
ease; (2) stimulation of detoxification systems,
specifically selective induction or modifica-
tion of phase| and phase || metabolic enzymes
which increase the formation and excretion of
detoxified metabolites of carcinogens; (3) in-
hibition of biochemical markers of tumor ini-
tiation and promotion, including lowering the
rate of cell replication and thusthe growth and
development of neoplasms; and (4) preven-
tion of mutagenicity and genotoxicity.*2

Yu et al suggested activation of themi-
togen-activated protein kinase pathway
(MAPK) by green tea polyphenols might be
responsible for the regulation of the antioxi-
dant responsive element (ARE). The ARE is
believed to mediate the induction of phase I
enzymes by many drugs and may be stimu-
lated by green teapolyphenolsin the transcrip-
tion of phase Il detoxifying enzymes.’3*4 Oral
administration of 0.5 percent lyophilized green
tea to female CD-1 mice for 18 days stimu-
lated liver microsomal glucuronidation of es-
trone, estradiol, and 4-nitrophenol by 33-37
percent, 12-22 percent, and 172-191 percent,
respectively.®

Another area which has been increas-
ingly looked at isthe role green tea catechins
play in arresting abnormal cell growth or in-
ducing apoptosis. Apoptosis, also known as
programmed cell death, is a normal biologi-
cal process vital to an organism’s ability to
maintain homeostasis. It has been demon-
strated that EGCG induces apoptosis and cell
cycle arrest in human epidermoid carcinoma
cells A431, human carcinoma keratinocytes
HaCaT, human prostate carcinoma cells
DU145, and mouse lymphoma cells LY-R.
Apoptosis or cell arrest was specific only to
cancer cells and not to normal epidermal
keratinocytes.’*16 Research suggests green tea
polyphenols also have an antiproliferative ef-
fect in vascular smooth musclecells. EGC was
found to inhibit, in adose-dependent relation-
ship, the induced proliferation response of rat
aortic smooth muscle cells, human coronary
artery smooth muscle cells, rabbit cultured
aortic smooth muscle cells, and human CEM
lymphocytes. The data suggest the
antiproliferative effect of EGC may be medi-
ated through inhibition of protein tyrosine ki-
nase activity, reducing c-jun mRNA expres-
sion, and inhibiting INK 1 activation.***

The effect of EGCG on growth factor
receptors, specifically epidermal growth fac-
tor receptor (EGFR) has also been examined.
EGFR’styrosine kinase activation is believed
to initiate multiple cellular responses associ-
ated with mitogenesis and cell proliferation.
The overexpression of EGFR might produce
a neoplastic phenotype. Liang et a found
EGCG inhibited the autophosphorylation of
EGFR by its ligand, EGF, and blocked the
binding of EGFto itsreceptor. EGCG also sig-
nificantly inhibited DNA synthesis and pro-
tein tyrosine kinase activities of EGFR. The
results suggest EGCG might inhibit tumor
development by blocking growth factor-asso-
ciated signal transduction pathways.*+8

It has been suggested that green tea
catechins may have a hypolipidemic effect,
and their ingestion has been associated with
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decreased serum triacylglycerols (TG) and
cholesterol. Possible mechanisms of action
include downregulation of liver fatty acid syn-
thase (FAS), 3-hydroxy-3-methyl glutaryl co-
enzyme A reductase (HMG-CoA-R)—a key
enzyme in cholesterol synthesis—and intesti-
nal acyl Co-A:cholesterol acyltransferase
(ACAT), which is believed to play an impor-
tant roleinintestinal cholesteryl esterification
before cholesterol isabsorbed in the chylomi-
crons. It is aso believed that antioxidant ef-
fects of these polyphenols help protect LDL-
cholesterol from oxidative damage. 1192

The evidence supporting the mecha-
nismsof action for green teacatechins rolein
risk reduction for cardiovascular disease is
equivocal at best.’01%2t Although literature
suggests supplementation with green tea ex-
tract offers protection to low-density lipopro-
teins (LDL) against oxidation, Van Het Hof et
al determined that after repeated oral consump-
tion of green tea over three days, although
presentin LDL, the concentration of catechins
was not sufficient to enhance the resi stance of
LDL to oxidation ex vivo.®

In another study, Ping et a shed new
light on adifferent mechanism by which green
tea catechins may have a hypolipidemic ef-
fect. The study examined the hypolipidemic
activity of isolated green tea epicatechins and
green teawater extract (GTWE) in hamsters.
It was determined that isolated green tea
epicatechins and GTWE have similar
hypolipidemic activities, indicating the
epicatechins are the maj or active components,
or contribute at least in part to the
hypolipidemic activity of greentea. Thisstudy
isthe first report to examine the influence of
dietary green tea epicatechins on the profile
of both fecal neutral and acidic sterols. The
excretion of fecal neutra sterols (cholesterol
and coprostanone) during days0-20 and acidic
sterols (deoxycholic acid, chenodeoxycholic
acid, and cholic acid) during days 21-34 were
significantly greater in green tea epicatechins-
supplemented hamsters than in controls. The

reduced absorption of dietary cholesterol dur-
ing days 0-20 was directly associated with a
lower serum cholesterol in the GTE-supple-
mented group. In addition, the greater synthe-
sis and excretion of acidic sterols (the major
end-products of cholesterol catabolism) in
hamsters fed GTE during days 21-34 would
also serve to lower the level of serum choles-
terol. Although this study wasin hamstersand
not directly applicable to humans, the results
warrant further research. The authors con-
cluded the reduction in serum TG and choles-
terol by dietary catechinsisnot associated with
inhibition of liver FAS, HMG-CoA-R, and
intestinal ACAT, dueto thefact that very little
change was seen in the activity of these en-
zymes. The hypolipidemic effect observed was
most likely mediated by inhibition of dietary
fat and cholesterol absorption, and decreased
reabsorption of bile acids.®

Cancer: Clinical Applications of

Camellia Sinensis

The American Cancer Society esti-
mates that in the 1980s more than 4.5 milllion
Americans died of cancer. In addition, there
were nearly nine million new cases and about
12 million people under medical care for can-
cer. Although heart disease is the most com-
mon cause of death in the United States and
accountsfor 33.5 percent of all deaths, the sec-
ond most common is cancer. While death rates
from heart disease, stroke, and other diseases
have been decreasing over the past generation,
the percentage of deaths due to cancer rose
from 16.8 percent in 1967 to 23.5 percent in
1990.%2 Thus, the growing body of literature
suggesting apossiblerolefor green teaextract
in the chemoprevention of cancer is worth
examining.

Several human cohort and case-controlled
studies, as well as many animal studies,
suggest green tea polyphenols possess
significant chemopreventive properties and
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have demonstrated inhibitory effects against
tumor formation and growth. These
polyphenols, especially EGCG, the major
polyphenolic constituent of green tea, are
believed to mediate much of the cancer
chemopreventative effects.z2

Popul ation studies have demonstrated
green tea consumption may be one of the rea-
sons why the occurrence of cancer islower in
Japan. In acohort study of a Japanese popul a-
tion, researchers surveyed 8,522 individuals
over 40 years of age on their living habits, in-
cluding daily consumption of green tea. Dur-
ing the nine years of follow-up (71,248.5 per-
son years), 384 cases of cancer (in al sites)
were identified. Results found a negative as-
sociation between green tea consumption and
cancer incidence, especially among females
drinking more than 10 cups per day. The age-
standardized average annual incidence rate
was significantly lower among females who
consumed large amounts of green tea. Rela-
tive risk (RR) of cancer incidence was also
lower among both females (RR = 0.57, 95%
Cl = 0.33-0.98) and males (RR = 0.68, 95%
Cl = 0.39-1.21) in groups with the highest
consumption, although the preventive effects
did not achieve statistical significance among
males, even when stratified by smoking and
adjusted for alcohol and dietary variables.?*

Although the effect of green tea
polyphenols has been studied in different
populations by many investigators, no clear-
cut conclusions can be drawn between green
tea consumption and cancer incidence at spe-
cific organ sites in human subjects. Despite
inconclusive results, current studies are hope-
ful in suggesting a possible chemopreventive
effect of greenteain cancer of the breast, pros-
tate, and gastrointestinal tract—including can-
cersof the esophagus, stomach, pancreas, and
colon. Preliminary studiesalso indicate apos-
sible chemoprotective role of green tea cat-
echinsin smokers.

Breast Cancer

The association between consumption
of greenteaprior to clinical cancer onset and
various clinical parameters was assessed
among 472 patients with stage I, 1I, and Il1
breast cancer. Increased consumption of green
tea was closely associated with a decreased
number of axillary lymph node metastases,
especially among premenopausal patientswith
stage | and stage |1 breast cancers. In a seven-
year follow-up study of these patients, in-
creased consumption of green tea correlated
with a decreased recurrence of stage | and 11
breast cancer (P<0.05 for crude disease-free
survival); therecurrencerate was 16.7 percent
among those consuming five or more cups, and
24.3 percent for four or less cups per day, and
therelativerisk of occurrencewas 0.564 (95%
Cl, 0.350-0.911) after adjustment for other
lifestyle factors. However, no improvement in
prognosiswasobserved in stagel 1 breast can-
cer.? An experiment using the estrogen-depen-
dent MCF-7 cell line showed the mechanism
of action to be inhibition of estrogen binding
withitsreceptors. It wasfound that EGCG and
other compounds in green tea block the inter-
action of tumor promoters, hormones, and
growth factors with their receptors: a kind of
sealing-off effect.?®

Prostate Cancer

Cancer of the prostate is the most
common malignancy in men in the United
States and, depending on the source, is the
second or third leading cause of cancer-related
deaths among U.S. malegq[38]. According to
one estimate, one of every 11 American men
will eventually develop prostate cancer,
although somewill remain asymptomatic until
death.?” Because it is not typically diagnosed
until after age 50, even a modest delay in
neoplastic development achieved through
pharmacological or nutritional intervention
could result in a substantial reduction in the
incidence of clinically detectable disease.
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Many laboratory experiments conducted in
cell culture systemsand in animal modelshave
shown the usefulness of green tea, more
specifically the catechins, against prostate
cancer. In a recent study looking at the
induction of apoptosisin prostate cancer cell
lines by EGCG, researchers found EGCG
inhibited growth of prostate cancer cell lines
LNCaP, PC-3, and DU145. The inhibition by
EGCG was found to occur via apoptotic cell
death, as demonstrated by changesin nuclear
morphology and DNA fragmentation.?”?
Epidemiological observations also suggest
individuals who consume green tea on a
regular basis have a lower risk of prostate
cancer-related death. One observation worth
noting is that China, whose population
consumes green teaon aregular basis, hasthe
lowest incidence of prostate cancer in the
world.?

Esophagus, Stomach, Pancreas, and

Colon Cancer

Although studiesin laboratory animals
suggest inhibitory effects of green tea on the
induction of esophageal cancer, only a few
epidemiological studies have evaluated green
tea as a potential inhibitor of human
esophageal cancer. In astudy at the Shanghal
Cancer Institute, People's Republic of China,
Gao et al looked at the relationship between
green tea consumption and risk of esophageal
cancer. Medical records of patients aged 30-
74 who were diagnosed with esophageal
cancer were identified and patient interviews
conducted using a structured, standardized
guestionnaire to obtain information on
demographic characteristics, residential
history, height, weight, diet, smoking, alcohol
and tea drinking, medical history, family
history of cancer, occupation, physical activity,
and reproductive history. Of the 902 patients
interviewed, 734 (81.4%) had their disease
pathologically confirmed. There were 1522
control subjects interviewed, including 240

alternates. All analyses of tea effects were
conducted separately among men and women,
and all were adjusted for age. A protective
effect of green tea drinking on esophageal
cancer was observed among women (odds
ratio{ OR} = 0.50; 95% CI = 0.30-0.830), and
thisrisk decreased (P for trend < 0.01) astea
consumption increased. Among men, the ORs
werea so below 1.00, although not statistically
significant. ORs for green tea intake were
estimated among non-smokers and non-
drinkers. In these individuals, a statistically
significant decrease was observed in both men
(OR=0.43; 95% Cl = 0.22-0.86; Pfor trend =
0.05) and women (OR = 0.40; 95% CI = 0.20-
0.77; Pfor trend <0.001).%°

Data also indicates drinking large
amounts of green tea may be a viable
recommendation to help protect humansfrom
stomach cancer. Studies have shown that
exposure of human stomach cancer KATO 111
cellsto green tea catechin extract and EGCG
resulted in growth inhibition and induction of
apoptosis. The fragmentation of DNA to
oligonucleosomal-sized fragments,
characteristic of apoptosis, was determined to
be concentration and time-dependent.* A
popul ation-based case-control study in China
indicates green tea may disrupt gastric
carcinogenesisat both theintermediate and late
stages. A total of 711 cases of diagnosed
primary stomach cancer and 711 matched
controlswereanayzed. After adjusting for age,
gender, place of residence, education,
birthplace, alcohol consumption, and cigarette
smoking, the OR comparing drinkers of green
teawith nondrinkerswas0.71 (Cl 95% = 0.54-
0.93). The adjusted OR decreased with an
increased number of new batches of green tea
consumed each day (P value trend = 0.006).
With thelargest series of stomach cancer cases
analyzed to date, this study not only found a
positive correlation between green tea
consumption and a lower risk of stomach
cancer, the effect also was independent of the
age when habitual green teadrinking began.®!
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Another large population-based case-
control study conducted in Shanghai, China,
examined the hypothesis, based on numerous
animal studies and several epidemiologic in-
vestigations, that green tea consumption may
reduce the risk of cancers of the colon, rec-
tum, and pancreas. Newly-diagnosed cancer
cases (931 colon, 884 rectum, and 451 pan-
creas) during 1990-1993 among residents 3-
74 years of age were investigated. Controls
(n=1552) were selected among Shanghai resi-
dents and matched to cases by gender and age.
Mulitvariate ORs and 95 percent CI of each
cancer type correl ated with green teaconsump-
tion after adjustment for age, income, educa-
tion, and cigarette smoking. An inverse asso-
ciation with each cancer was observed with
increasing amount of green tea consumption,
with the strongest trends for rectal and pan-
creatic cancers. For men, compared with non-
regular tea drinkers, ORs among those in the
highest tea consumption category (= 300 g/
month) were 0.82 for colon cancer, 0.72 for
rectal cancer, and 0.63 for pancreatic cancer,
with p values for trend being 0.38, 0.04, and
0.04, respectively. For women, the respective
ORs for the highest consumption category (=
200 g/month) were 0.67, 0.57, and 0.53, with
the respective p values for trend being 0.07,
0.001, and 0.008.%

Other Cancers

There is some evidence to suggest
green tea polyphenols (GTP) have a
chemopreventive effect in smokers and the
incidence of lung cancer. The
chemopreventive effects of green tea and
coffee among cigarette smokers were
examined in 52 clinically healthy male
subjects between ages 20-51. Subjects were
divided into four groups. non-smokers (group
1), smokers(I1), smokers consuming green tea
(111), and smokers/coffee drinkers (1V). The
mean years of smoking (>10 cigarettes/day)
of groups 11, 111, IV, ranged from 13.4 - 14.7

years. The volunteers' daily intake of green
tea and coffee (groups 111 and V) was three
cups per day over six months. Thefrequencies
of sister-chromatid exchange (SCE) in
mitogen-stimulated peripheral lymphocytes
from each experimental group were
determined and statistically analyzed. SCE
rates were significantly elevated in smokers
(9.46 +/- 0.46) vs. non-smokers (7.03 +/- 0.33);
however, the frequency of SCE in smokers
who consumed green tea was comparable to
non-smokers (7.94 +/- 0.31), suggesting GTP
may have an anitmutagenic effect against
smoke-induced mutations in humans by
blocking the cigarette-induced increasein SCE
frequency.® It has also been shown that
cultured human lung cells (A 549) pretreated
with GTP for two hours and then exposed to a
cigarette smoke solution or H,O, for 30
minutes had a reduced incidence of DNA
strand breaks.* Pretreatment with GTP aso
reduced the overall toxicity of H,O, as
determined by cell growth after exposure.
Theseresultssuggest GTP might inhibit DNA
damage and other mutations in cells exposed
to oxidants.

Since EGCG has been demonstrated
to be growth inhibitory in a number of tumor
cell lines, Chen et a investigated whether the
effect is cancer specific in a study comparing
the effect of EGCG on the growth of SV40
virally-transformed WI38 human fibroblasts
(WI38VA) with that of normal WI38 cells.
EGCG at 40mM completely inhibited the
growth of WI38VA cells, but had little effect
on thegrowth of normal cells. EGCG at acon-
centration of 40-200mM induced asignificant
amount of apoptosisin WI38VA cultures, but
not in WI138 cultures, as determined by termi-
nal deoxynucleotidyl transferase assay. After
prolonged exposure (8 hours) to EGCG at
200mM, more than 50 percent of WI38VA
cellsin aconfluent culture became apoptotic,
whileonly one percent of WI38 cellsdisplayed
apoptotic labeling under the same condition.
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Similar growth inhibition was observed be-
tween a human colorectal cancer cell line
(Caco-2), a breast cancer cell line (Hs578T),
and their respective counterparts.® It must be
noted that many of these polyphenol concen-
trations are not necessarily achievable in
plasmaor tissue in vivo.

Research also pointsto other possible
roles for green tea extract as a
chemopreventive or inhibitory agent in the
treatment of skin cancer,*3" bladder tumors,*®
ovarian sarcomas,* |leukemia,” liver cancer,*
and oral leukoplakia.*?

Dosage and Toxicity

Based on current literature there does
not appear to be any significant side-effects
or toxicity associated with green teaconsump-
tion. However, overconsumption of caffeine-
contai ning substances may cause intoxication
but not clinical dependence. Effects include
insomnia, restlessness, flushing, diuresis,
twitches, nervousness, rambling thoughts and
speech, tachycardia, and psychomotor agita-
tion, with symptoms lasting six to 16 hours.
In general, the stimulatory effect from green
teais considerably lessthan that of coffee. On
average, a cup of green tea contains less than
50 mg of caffeine, whereas coffee may con-
tain up to 150 mg per cup.

Although antiproliferative effects and
inhibition of tumorigenesis at both the
initiation and promotion stages have been
demonstrated in human cancer cell lines by
GTP, the concentrations used in many of the
experiments are frequently higher than
achievable in tissues in vivo.*® Depending on
the source, the average infusion of green tea
variesinits phenolic content, ranging from 50-
400 mg of polyphenols per cup.®** Recent
human epidemiological studiessuggest atotal
daily intake of approximately 10 cupsof green
tea per day has a chemopreventive effect.
Based on this information, a recommended
dose of 500 mg GTP three or four times aday
may be necessary to achievethe desired effect.

Conclusion

Green teahas been consumed in China
to promote health and longevity since 3,000
B.C. Inrecent years, much attention has been
focused on green tea and more specificaly,
its polyphenolic content. Although exact
mechanisms have not been clearly elucidated,
avariety of experimental animal studies have
demonstrated antimutagenic, anticarcinogenic,
antioxidant, and antipromotional effects of
green tea polyphenols. Retrospective epide-
miological studies have shown aninverse as-
sociation between green tea consumption and
cancer risk. The limitation of human epide-
miological studiesconducted so far isthat they
are primarily case-control studies, which rely
heavily on interviews and patient responses
to questionnaires.

Because the relationship between
green tea consumption and human cancer in-
cidence is an important concern, comprehen-
sive, in-depth studies need to be conducted in
order to further elucidate mechanisms of ac-
tion and to verify clinically the
chemopreventive qualities of green tea con-
stituents. Also, based on thefact that green tea
is a popular beverage consumed worldwide,
inexpensive, and non-toxic, it seems appro-
priate to recommend additional clinical trials
be conducted to evaluate thein-vivo effective-
ness of green teapolyphenolsin theinhibition
and chemopreventive treatment of cancer. Fi-
nally, careful consideration should be given
in future research to the fact that the biologi-
cal activity of plant polyphenols act synergis-
tically in complex ways with other constitu-
ents of the plant. These unknown and poorly
understood interactions might play a signifi-
cant role in the anticarcinogenic efficacy of
the polyphenol constituents. As learned from
many pharmaceutical agents available today,
isolated extracts of one primary active con-
stituent are generally not without side-effects.

Page 368

Alternative Medicine Review 0 Volume 4, Number 50 1999
Copyright©1999 Thorne Research, Inc. All Rights Reserved. No Reprint Without Written Permission




References

1.

2.

10.

11

12.

13.

Alschuler L. Green Tea: Healing tonic. AmJ
Nat Med 1998:5;28-31.

Ahmad N, Hasan M. Green tea polyphenols
and cancer: biological mechanisms and
practical implications. Nutrition Review
1999:March;78-83.

Anonymous. Constituents: what’s in green tea?
Am J Nat Med 1998:5;8:29.

Graham HN. Green tea composition, consump-
tion, and polyphenol chemistry. Prev Med
1992;21:334-350.

Yang CS, ChenL, LeeMJ, et al. Blood and
urine levels of tea catechins after ingestion of
different amounts of green tea by human
volunteers. Cancer Epidemiol Biomarkers
Prev 1998;7:351-354.

HeYH, Kies C. Green and black tea consump-
tion by humans: impact on polyphenol
concentrations in feces, blood, and urine. Plant
Foods Hum Nutr 1994;46:221-229.

Yang CS, Lee MJ, Chen L. Human salivary tea
catechin levels and catechin esterase activities:
implications in human cancer prevention
studies. Cancer Epidemiol Biomarkers Prev
1999;8:83-89.

van het Hof KH, Kivits GA, Weststrate JA,
Tijburg LB. Bioavailability of catechins from
tea: the effect of milk. Eur J Clin Nut
1998;52:356-359.

Pietta PG, Simonetti P, Gardana C, et al.
Catechin metabolites after intake of green tea
infusions. Biofactors 1998;8:111-118.

van het Hof KH, Wiseman SA, Yang CS,
Tijburg LB. Plasma and lipoprotein levels of
tea catechins following repeated tea consump-
tion. Proc Soc Exp Biol Med 1999;220:203-209.

Zloch Z. Therole of dietary plant polyphenols
in health maintenance. Cas Lek Cesk
1996;135:84-88.

Weisburger JH. Tea and health: the underlying
mechanisms. Proc Soc Exp Biol Med
1999;220:271-275.

YuR, Jiao JJ, Duh JL, et al. Activation of
mitogen activated protein kinases by green tea
polyphenals; potential signaling pathwaysin
the regulation of antioxidant responsive
element mediated phase || enzyme gene
expression. Carcinogenesis 1997;19;451-456.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

Nihal A, Hasan M. Green tea polyphenols and
cancer: biological mechanisms and practical
implications. Nutr Rev 1999;57:78-83.

Zhu BT, TangjaN, Loder DP, et a. Effect of
tea polyphenols and flavonoids on liver
microsomal glucuronidation of estradiol and
estrone. J Steroid Biochem Mol Biol
1998;64.:207-215.

Ahmad N, Feyes DK, Nieminen AL, et al.
Green tea constituent epigallacatechin-3-
gallate and induction of apoptosis and cell
cycle arrest in human carcinomacells. J Natl
Cancer Inst 1997,89:1881-1886.

LuLH, LeeSS, Huang HC. Epigallocatechin
suppression of proliferation of vascular smooth
muscle cells: correlation with c-jun and INK.
Br J Pharmacol 1998;124:1227-1237.

Liang YC, Lin-Shiau SY, Chen CFLin JK.
Suppression of extracellular signals and cell
proliferation through EFG receptor binding by
epigallocatechin gallate in human A431
epidermoid carcinomacells. J Cell Biochem
1997;67:55-65.

Chan PT, Fong WP, Cheung YL, et al.
Jasimine green tea epicatechins are
hypolipidemic in hamsters (Mesocricetus
auratus) fed a high fat diet. J Nutr
1999;129:1094-1101.

Kono S, Shinchi K, IkedaN, et a. Greentea
consumption and serum lipid profiles: a cross-
sectional study in Northern Kyushu, Japan.
Prev Med 1992;21:526-531.

Yarnell E. Green tea doesn’t lower serum
lipids. Quarterly Rev Nat Med 1997;Win-
ter:304.

Murphy G, Lawrence W, Lenhard R. American
Cancer Society Textbook of Clinical Oncology.
2" edition. Washinton, D.C.: Pan American
Health Organization Publications Marketing
Program;1995:1-2.

Katiyar SK, Mukhtar H. Tea antioxidantsin

cancer chemoprevention. J Cell Biochem
1997;27:S59-S67.

Imai K, SugaK, Nakachi K. Cancer-preven-
tive effects of drinking tea among a Japanese
population. Prev Med 1997;26:769-775.

Nakachi K, Suemasu K, SugaK, et al. Influ-
ence of drinking green tea on breast cancer
malignancy among Japanese patients. Jpn J
Cancer Res 1998;89:254-261.

Alternative Medicine Review 0 Volume 4, Number 5 0 1999

Page 369

Copyright©1999 Thorne Research, Inc. All Rights Reserved. No Reprint Without Written Permission




26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

Komori A, Yatsunami J, Okabe S, et a.
Anticarcinogenic activity of green tea polyphe-
nols. Jpn J Clin Oncol 1993;23:186-190.
Gupta S, Ahmad N, Mukhtar H. Prostate
cancer chemoprevention by green tea. Semin
Urol Oncol 1999;17:70-76.

Paschka AG, Butler R, Young CY. Induction of
apoptosis in prostate cancer cell lines by the
green tea component, (-)-epigallocatechin-3-
gallate. Cancer Lett 1998;130:1-7.

Gao YT, McLaughlin JK, Blot WJ, et al.
Reduced risk of esophageal cancer associated
with green tea consumption. J Natl Cancer
Inst 1994;86:855-888.

Hibasami H, Komiya T, Achiway, et al.
Induction of apoptosisin human stomach
cancer cells by green tea catechins. Oncol Rep
1998;5:527-529.

Yu GP, Hsieh CC, Wang LY, et al. Green tea
consumption and risk of stomach cancer: a
population-based case-control study in
Shanghai, China. Cancer Causes Control
1995;6:532-538.

Ji BT, Chow WH, Hsing AW, et al. Green tea
consumption and the risk of pancreatic and
colorectal cancers. Int J Cancer 1997;70:255-258.

LeelP, KimYH, Kang MH, et al.
Chemopreventive effect of green tea (Camellia
sinensis) against cigarette smoke-induced
mutations (SCE) in humans. J Cell Biochem
1997;27:568-S75.

Leanderson P, Faresjo AO, Tagesson C. Green
tea polyphenols inhibit oxidant-induced DNA
strand breakage in cultured lungs cells. Free
Radic Biol Med 1997;23:235-242.

Chen ZP, Schell JB, Ho CT, et a. Green tea
epigallocatechin gallate shows a pronounced
growth inhibitory effect on cancerous cells but
not on their normal counterparts. Cancer Lett
1998;129:173-179.

Picard D. The biochemistry of green tea
polyphenols and their potential applicationin
human skin cancer. Altern Med Rev 1996;1:31-
42,

Record IR, Dreosti |E. Protection by black tea
and green teaagainst UVB and UVA +B
induced skin cancer in hairless mice. Mutat
Res 1998;422:191-199.

Sato D. Inhibition of urinary bladder tumors
induced by N-butyl-N-(4-hydroxybutyl)-
nitrosamine in rats by green tea. Int J Urol
1999;6:93-99.

39.

40.

41.

42.

43.

Sugiyama T, SadzukaY. Enhancing effects of
green tea components on the antitumor activity
of adriamycin against M5076 ovarain sarcoma.
Cancer Lett 1998;133:19-26.

OtsukaT, Ogo T, Eto T, et a. Growth inhibi-
tion of leukemic cells by (-)-epigallocatechin
gallate, the main constituent of green tea. Life
Sci 1998;63:1387-1403.

Hirose M, Hoshiya T, Akagi K, et al. Effects of
green tea catechinsin arat multi-organ
carcinogenesis model. Carcinogenesis
1993;14:1549-1553.

Khafif A, Schantz SP, al-Rawi M, et al. Green
tearegulates cell cycle progression in oral
leukoplakia. Head Neck 1998;20:528-534.

Yang CS, Yang GY, Landau JM, et al. Teaand
tea polyphenolsinhibit cell hyperproliferation,
lung tumorigenesis, and tumor progression.
Exp Lung Res 1998;24:629-639.

Tyler VE, Brady LR, Robbers JE. Pharmacog-

nosy, 8th edition. Philadelphia, PA : Leaand
Febiger;1988:247-248.

Page 370

Alternative Medicine Review 0 Volume 4, Number 50 1999
Copyright©1999 Thorne Research, Inc. All Rights Reserved. No Reprint Without Written Permission




