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The ancient use of tea as a beverage has been
practised by mankind since anywhere between 500-5000
years ago1. Owing primarily due to their untoward effects,
general apathy towards synthetic chemical agents in
modern medicinal care has featured throughout the world
during the last two decades. This resulted in an intense
global search for plant extracts and their constituents
for health care. Simultaneously information from scientific
world on life-style and impact of diet on human health
have been increasingly emerging.
Tea stood mythologically as a beverage with positive
health effects in Far-East. The traditional use of tea
prompted scientific research employing modern research
methodology in China, Japan, and US on the influence
of tea consumption on human health, since mid-sixties.
As a result, by the end eighties, green tea became known
for its health benefits internationally. By this time, sufficient
data were generated for claiming that consumption of
green tea has preventive effects especially on occurrence
of cancer and cardiovascular disorders. Concurrently,
increasing emphasis has been given on events at the
cellular level by green tea per se and its constituents
which revealed their diverse pharmacotherapeutic efficacy,
most importantly protection against oxidative damage.

Unlike green tea, scientific information on biological
activities of therapeutic interest of black tea had been
very scanty till 1990. However, on the recommendation
of the Food and Agricultural Organisation (FAO) studies
were initiated to evaluate the protective effect of green
tea and black tea both on human health in general. This
led to a systematic research on black tea and its
constituents unfolding several beneficial effects of black
tea consumption related to human health.
India is the largest black tea producing country in
the world. In India a collaborative research programme
was launched between Tea Research Assocation (TRA)
and the Indian Institute of Chemical Biology (IICB) in
1990s with the primary objective to evaluate the
pharmacotherapeutics of black tea in totality ie. as is
consumed. The present write-up is an attempt to highlight
the two most promising health benefits of tea consumption
documented during the last decade in India and across
the world.
The processing of black tea consists of four steps
viz withering, rolling, fermentation and drying. Withering
of tea leaves is necessary to physically condition the
fresh tea leaves making them amenable to subsequent
processing. In addition, loss of moisture and a number
of important biochemical changes take place during
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withering. Leaves are subjected to rolling in which the
cell structures are disrupted and leaves are macerated.
During this stage, enzymes polyphenol oxidase present
in tea leaves are brought into intimate contact with
substrate ie. catechins. The chemical and biochemical
reactions initiated during rolling are allowed to continue
and completed during the next stage of black tea
processing, referred to as fermentation. It was previously
believed that the changes occuring during this stage
are caused by microorganisms. It is now well known
that the principal reaction is oxidation of catechins by
enzyme polyphenol oxidase which results in the formation
of two types of dimeric and polymeric products, namely
theaflavins (orange coloured) and thearubigins (brown
coloured) respectively. Fermentation step is followed by
drying or firing which is necessary for ceasation of enzyme
activity and reduceing moisture content of the fermented
product.

proportion of one-third of its content in coffee. In addition,
tea contains theanine, an important amino acid 4 .
Interflavanoid linkages resulting in formation of
proanthocyanidines is an area of recent interest in
chemistry of tea5,6.

Chemical Composition

Flavonoids, phenolic acids and non-flavonoid
polyphenols found in plants are classified in Fig.1.

The main difference between black tea and green
tea manufacture is heat inactivation of enzymes in the
flush. In the case of green tea, steaming of leaves is the
first step, by which polyphenol oxidase and other enzymes
are inactivated and thus retaining its green colour. The
steamed leaves are then rolled and subsequently dried
to get the final product.
Dietary research on the impact of foods and
beverages on human health has been globally dominant
in the last decade. Flavonoids, a group of phenolic
compounds occurring abundantly in vegetables, fruits,
and green plants, attracted special attention as they
showed high antioxidant property. The antioxidants are
known to prevent cellular damage caused by reactive
oxygen species. Catechins are highly potent flavonoids
present in tea and serve perhaps as the best dietary
source of natural antioxidants. United States Department
of Agriculture (USDA) is currently engaged in precisely
quantifying various flavonoids in fruits using modern
analytical techniques. Approximately 30% of the tea solids
in a typical infusion is composed of flavonoids, whereas
less than 5% of the water soluble solid extract of tea is
formed by flavonols like, quercetin, kaempferol, myricetin
and their glycosides. Of the catechins, epigallocatechin
gallate (EGCG) is present maximally (more than 10% of
dry weight) in green tea. It is also found in black grapes,
red wines, apples and chocolates2, 3. Methylxanthines,
mainly in the form of caffeine is present in tea in a

The flavonoid content of plants, vegetables and fruits
varies with plant variety and environmental conditions.
Light is required for the synthesis of flavonoids and they
are generally found in the outer portion of plants,
vegetables and fruits like skin of the fruit, the outer leaves
of the vegetables (cabbage and lettuce), or in the leaves
as in the case of tea. Since these portions of fruits and
vegetables are often discarded before human
consumption, it has relevance while estimating or
recommending dietary intakes. Flavonoids are not found
to any appreciable degree in root vegetables and to a
lesser extent when cultivated in glass houses as compared
to grown in outdoors.

From the chemical point of view, the accepted
definition of flavonoids is dibenz pyrans and pyrones
and their derivatives, ie. any compound with a C6-C3-C6
ring structure, including those which are oxidized and
those attached to sugar molecules (glycosides), as long
as the derivatives retain the ring structure (Fig.2).
The fresh tea leaves contain four major catechins
as colourless water soluble compounds  epicatechin
(EC), epicatechin gallate (ECG), epigallocatechin (EGC)
and epigallocatechin gallate (EGCG). Most of the green
tea catechins, during the manufacture of black tea, are
oxidized and converted into orange or brown products
known as theaflavins (TF) and thearubigins (TR). These
compounds retain the basic C6-C3-C6 structure and are
thus still classified as flavonoids. Theaflavins consist of
two catechin molecules joined together, and account
for about 10% of the converted catechins, whereas the
thearubigins are more complex flavonoid molecules,
whose structural chemistry are still unknown, and may
account for up to 70% of flavonoids in black tea
Oxidative Damage
Currently, intensive search is conducted to obtain
active antioxidant compounds from non-nutritive
components of plant origin including tea, spices and
herbs. Antioxidants protect the body against the damaging
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PHENOLIC PHYTOCHEMICALS
Non-Flavonoid Polyphenols

Flavonoids

Phenolic Acids
not polyphenols

e.g. hydrolysable tannins
(ellagic acid)

 largest group of plant phenols
 common C6-C3-C6 skeleton
 may be termed polyphenols

OH-benzoates
raspberry
strawberry

OH-cinnamates
coffee

Flavonols

Flavones

Flavanols

Isoflavones

Flavanones

Anthocyanidines

celery
parsley

tea
apples
wine

soy

citrus fruits

red wine
blueberries
cherries

tea
apples
onions

Catechins
green tea
Theaflavins
black tea

Thearubigins
black tea
Fig.1. Phenolic Phyotchemicals

Fig.2. Chemical structure of phenolic compounds

effects of free radicals
generated in the body during
conversion of glucose and fat
to energy, exercise and by the
action of sunlight on the skin.
Free radicals generated by
metabolic activities are unstable
molecules which can freely
interact with electron donors to
equilibrate its charge. Oxidative
stress induced by overproduction of reactive oxygen
species (ROS) like hydroxyl
radical (-OH), ferryl ion (Fe2+O)
or Cu(OH) 2 disrupt cellular
function, whereas superoxide
radical anion (O 2 - ), peroxyl
radical (ROO + ), hydrogen
peroxide (H2O2), singlet oxygen
(1O2), hypochlorus acid (HOCl),
nitric oxide (NO+), peroxylnitrite
(ONOO -) and acetyl radicals
(RO+) exhibit lower reactivity7,8.
ROS can interact in themselves
as well as with other molecules
to form more or less reactive
molecules. Overproduction of
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free radicals also occurs with smoking, environmental
pollution, chronic inflammation, external action of toxic
substances, microbial attacks and ozone 8-12 . Aging
process and radiation damage have been particularly
attributed to protein oxidation by ROS. Cellular defence
mechanism to oxidative damage is activated
endogenously by glutathione and other enzymes which
convert the oxidized molecules to their reduced form.
Oxidative damage to DNA promotes mutations and thus
enhancing the risk of carcinogenesis. Further, the risk
of atherosclerosis, diabetes and immunodeficiency has
been linked to oxidation of lipids and proteins13.
Our body contains its own antioxidant system, made
up of enzymes like catalase, superoxide dismutase and
metal-binding proteins. The endogenous defense
mechanism against oxidative damage is complemented
by antioxidants like vitamin C, E, carotenoids and
flavonoids, mainly found in vegetables, fruits and tea.
These antioxidants from nutrients contribute to the overall
protection of cell integrity and the immune function8, 14-19.
Of these, ascorbic acid and tocopherol are the most
effective protectors against a wide range of oxidizing
molecules. The optimal activity of the enzymatic system
against oxidation is also dependent upon adequate
mineral nutrition like selenium, copper and zinc8, 15. The
protection of cell membrane and DNA integrity is offered
by carotenoids including lycopenes 20. An imbalance
between free radical production and protection by
antioxidants leads to oxidative damage in proteins, lipids
and DNA. Amongst the exogenous antioxidants,
polyphenolic compounds especially flavonoids present
only in plants, fruits, vegetables and herbs are potent
phytochemicals in the diet protecting the body from
oxidative damage. A spectrum of biological activities has
been attributed to flavonoids in plants, the content of
which varies with plant-variety and environmental
conditions.
Tea as Powerful Antioxidant
Flavonoids found in tea shows 20 times more powerful
antioxidant activity than vitamin C21, 22 in the lipoprotein
oxidation model. Methods for evaluating antioxidant
properties ex-vivo are fairly well established and the
lipoprotein oxidation model simulates the oxidation of
low-density lipoproteins that promotes atherosclerosis.
The antioxidant efficacy of polyphenols, as evaluated
by a battery of tests, indicates that they can inhibit lipid
hydroperoxide formation23-25. Scavenging property of

polyphenols has been demonstrated against a spectrum
of offensive oxidants, like superoxide radicals26,27, free
radicals21,27 and peroxinitrite7,19,28. Polyphenols exhibit
modifying influence on the protein phosphorylation
process29, and following the catalytic activities of many
enzymes especially the oxidative ones7. They are able
to prevent metal-catalyzed free radical formation caused
by copper and iron chelate2. An important property of
flavonoids is that they do not affect b-carotene, vitamin
C and E, which attribute for the endogenous antioxidant
protection system of the body30. Production of offending
N-nitroso compounds is a consequence of interaction
of nitrogen-containing compounds with nitrosating agents
which is prevented by polyphenols 19. Flavonoids in
presence of some metals or in high concentration can
also act as pro-oxidants and inhibit P-450-catalysed
activity7, a property also shared by ascorbic acid and
a-tocopherol31-33.
Many pharmacotherapeutic properties of both green
and black tea have been attributed to polyphenols and
their gallates present in tea, though direct demonstration
of such an action in many cases has been missing.
Different polyphenol molecules exhibit scavenging activity
that are linked to the number of o-dihydroxy and
o-hydroxyketo groups, C 2 -C 3 double bonds,
concentration, solubility, the affinity of the active group
to the oxidant and the stability of the final product32, 34.
However, flavonoid glycoside molecules like rutin, and
the glycoside of quercetin, are less potent as antioxdants21.
The intracellular antioxidant efficacy of flavonoid
glycosides depends on their capacity to react against
ROS. The recycling potential of the cell also plays an
important role in the antioxidant status of the flavonoid
glycosides35.
Green tea has received much attention as
chemopreventor for protection, promotion and
progression of various forms of tumour and EGCG with
five phenolic hydroxy groups is claimed to be the most
potent tea antioxidant36, 37. EGCG has been shown to
act as an inhibitor of urokinase, the enzyme crucial for
tumour growth38. Owing to higher content of polymerized
polyphenols, black tea has been generally neglected
and assumed to be of lesser value. This assumption
has proven to be wrong as black tea extract has now
been demonstrated to be a better protecting agent as
compared to free catechins against various types of
oxidative stress39. Further, it was shown that theaflavin
was the most powerful in abrogating NO production, as
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well as the most important constituent in down-regulating
synthesis of nitric oxide synthease (i NOS)40.
Inflammatory bowel disease is characterised by
oxidative and nitrosative stress and NO-related treatments
serve as a promising pharmacological approach in the
treatment of these disorders 41,42. In accordance, the
protective effects of thearubigin, the major constituent
of polyphenol in black tea, were uniquely demonstrated
on 2, 4, 6-trinitrobenzene sulphonic acid (TNBS)-induced
colitis in mice associated with overproduction of NO43.

A

Fig.4. Effect of thearubigin pre-treatment on macroscopic
damage score of colonic tissue after induction of
colitis by TNBS. Colonic damage was scored on a
scale of 0 (normal) to 5 (severe) by two independent
observers.
Values are mean ± SD of 10 rats for each group.

B

*p <0.001 vs. TNBS
Source : Reference 43

Offending effects of ROS on cellular membranes and
intracellular structures affect cellular metabolism and
contribute to onset of various disorders including cancer,
cardiovascular and metabolic diseases. Positive
indications that flavonoids fraction in human in vivo system
have emerged as tea consumption is shown to reduce
oxidative damage and lipids in the human body.
Employing multiple biomarkers it has been found that
green tea consumption decreases damage to DNA among
smokers and non-smokers. The decreased level of
oxidative damage was correlated with decreased levels
of free radicals found in urine44,45.
Fig.3. Effects of thearubigin on NO and O 2 production.
(A) NO production in colonic tissue and (B) O2
production in neutrophils.
Values are mean ± SD of 10 rats for each group.
*p <0.01 vs. TNBS
Source: Reference 43

Tea Flavonoids on Cancer
Occurrence of cancer is associated with the natural
loss of the cells in any tissue or organ and thus undergoing
unregulated growth. Accumulation of reactive oxygen
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species in cells damages the defence mechanisms of
the body including the DNA structure and enzymatic
balance triggering the process of cancer pathogenesis46.
Thus antioxidants present in tea, fruits and vegetables
contribute towards prevention and progress of cancer.
The three main stages of cancer are : initiation, promotion
and progression. Studies have revealed that black and
green tea are effective at all the three stages. In general,
there are more consistent findings for the cancer
preventive effects of green tea than for black tea, probably
due to insufficient data on black tea intakes and also
because of small range studies of black tea intakes.
Interaction of tea flavonoids with procarcinogens plays
a prominent role for the beneficial effects of tea against
cancer initiation. Cancer of the colon, breast and pancreas
is associated with formation of heterocyclic amines, the
genotoxic carcinogens from cooked food and meat that
can be prevented by tea polyphenols47. Phase I enzymes
are known to induce tumour formation by activating
procarcinogens which modify genomic DNA and black
tea polyphenols probably inhibit cytochrome P450
dependent bioactivation of the carcinogen48. Reports on
potent antimutagenic effects of green tea and its
constituents are available in the literature, but most of
the commonly consumed teas (green, black and oolong)
are shown to possess similar antimutagenic efficacy49-55.
This leads to a general conclusion that development of
cancer is prevented by tea consumption through
antimutagenic protection paralleling to their antioxidant
efficacy. EGCG has been most extensively studied against
mutation and ROS-scavenging property and is perhaps
the most potent antimutagenic agent protecting DNA
scissions and non-enzymatic interception of superoxide
anions. ECG emerges as the most potent enzymatic
scavenger amongst the green tea polyphenols 26,56.
Antimutagenic property of black tea and its constituents
has been widely documented in many reports, especially
in Salmonella strains57
The effects of specific tea ployphenols (polyphenol
60 and polyphenol 100 from green tea and polyphenon
B containing mixture of polyphenols from black tea) were
examined against a number of genotoxic carcinogens
in Salmonella strains TA98, TA100 and TA1535. All of
these polyphenols sharply decreased mutagenicity of a
number of aryl and heterocyclic amines of aflatoxin
B1, 1,2-dibromomethane, 2-nitropropane, involving an
induced rat lever S9 fraction 58 . TF, the black tea
polyphenol, was found to inhibit DNA single strand

cleavage and mutagenicity induced by hydrogen
peroxide59 and prevent the cytochrome P450 dependent
bioactivation of carcinogens 60,48 . Tea tannin and its
metabolites act as comutagens and antimutagens, both
based on inhibition and promotion of DNA excision repair
property 61 . Black tea extract and its two active
polyphenols, TF and TR, possess considerable
antimutagenic effects in Ames Salmonella assays, the
TF being 4 to 5 times more potent than TR57(Table I and II).
Black tea and its two polyphenols (TF and TR) were
investigated against chemically induced genetic damage
as measured by chromosome aberrations and sister
chromatid exchanges in mice62. The study appears to
be a novel one on the anticlastrogenic effect of black
tea (Table III).
Interestingly, a synergistic interaction between
catechins plays a role in cancer prevention. At a time
when EC was inactive, it was found to markedly enhance
the apoptosis induced by EGCG on the lung cancer cell
line 63 . Conjugation and subsequent inactivation of
carcinogens by EGCG mediates through inhibition of
phase I enzymes and activation of phase II enzymes64,65.
Thus it appears that tea polyphenols can interact with
enzymatic defence mechanisms in cells and contribute
to cancer prevention at the early stage of carcinogenesis.
There is increasing evidence to support that
flavonoids present in green and black tea can exert a
protective effect on cancer promotion. These flavonoids
help to maintain normal cell growth by blocking the
activation of an oncogene AP1 (activator protein),
maintaining cell-cell communication and increasing
apoptosis of malfunctioning cells. The factors NF-KB
(nuclear factor kappa B) and AP1 are redox-regulated
components of the signal transduction cascade and,
thus, sensitive to the oxidant/antioxidant status of the
cell46. EGCG and theaflavins, the prominent flavonoids
from green and black tea respectively, were investigated
employing the JB6 mouse epidermal cell line on ultra
violet (UV) radiation induced AP1-dependent
transcriptional activation. The study revealed a
concentration-dependent inhibition of UV induced AP1
activation and, when compared, theaflavins were found
to be more potent than EGCG66. Further, EGCG and
theaflavins were examined for inhibitory effects on 12-otetradeconylphorbol-13-acetate (TPA) induced protein
kinase C (PKC) and transcription activator protein-1
binding activities in N1H 3T3 cells. It was shown that
the theaflavin-3-3-digallate (TF-3) was the most potent
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Table I. Antimutagenic effects of thearubigins in Salmonella strains TA97a, TA98, TA100 and TA 102 in preincubation
tests with or without S9 activation.
Theaflavins
(100 ml/plate)
TA97a
NPD (20 mg/plate)
NPD + 125
NPD + 250
NPD + 500
NPD + 1000
TA98
NPD (20 mg/plate)
NPD + 125
NPD + 250
NPD + 500
NPD + 1000
TA100
SA (1.5 mg/plate)
SA + 125
SA + 250
SA + 500
SA + 1000
TA102
CH (100 mg/plate)
CH + 125
CH + 250
CH + 500
CH + 1000

(Mean ± SD) - S9

Thearubigins
(100 ml/plate)

(Mean ± SD) + S9

1100
1028
1020
825
760

±
±
±
±
±

81
52
59a
58b
51b

2-AF
2-AF
2-AF
2-AF
2-AF

(10 mg/plate)
+ 125
+ 250
+ 500
+ 1000

1144
1070
815
707
494

±
±
±
±
±

12
38a
30b
48b
29b

1133
1097
960
886
696

±
±
±
±
±

52
69
43b
11b
59b

2-AF
2-AF
2-AF
2-AF
2-AF

(10 mg/plate)
+ 125
+ 250
+ 500
+ 1000

1273
947
832
438
103

±
±
±
±
±

40
34b
49b
40b
25b

1153
1088
997
922
871

±
±
±
±
±

95
28
14b
66b
46b

2-AF
2-AF
2-AF
2-AF
2-AF

(10 mg/plate)
+ 125
+ 250
+ 500
+ 1000

1228
1083
993
817
512

±
±
±
±
±

30
64 b
56b
41b
20b

1238
1128
1061
979
900

±
±
±
±
±

71
50a
63b
33b
60b

DN
DN
DN
DN
DN

1210
1110
1050
855
673

±
±
±
±
±

65
43b
50b
49b
38b

(30 mg/plate)
+ 125
+ 250
+ 500
+ 1000

Mean and ± SD of four plates. Results of each concentration were compared with the solvent control by Dunnetts test. *p<0.0.05.
NPD - 4-nitro-0-phenylenediamine; SA - sodium azide; 2-AF - 2-aminofluorene; CH - Cumine hydroperoxide; DN - danthron.
-S9, without S9 activation; +S9 activaiton.
Source : Reference 57.

inhibitor of TPA-mediated tumour promotion67. Initiation
of skin carcinogenesis by AP1 is effectively blocked by
EGCG and theaflavin-3-3-digallate67-70.
In earlier studies, topical application or ingestion of
green tea polyphenols or EGCG were shown to inhibit
tumour initiation and promotion by chemical carcinogens
and UV light71-74, a property which was shared by black
tea74-77. The heterocyclic amine 2-amino-1-methyl-6-phenyl
imidazo(4,5-b) pyridine (Ph1P), formed during cooking
of proteinaceous animal food, can induce lymphoma,
colon and prostrate tumour in male and mammary
tumours in female Fischer 344 rats by DNA-adduct
formation in various organs including the target organs.
It is reported that both green and black tea exhibit potential
chemopreventive property against Ph1P induced
tumourogenesis in Fischer rats78. Important information
on the mechanism of action of tea polyphenols has been
obtained in liposomal studies by examining the influence
of EGCG and ECG on protein kinase activator, an enzyme

involved in the cell activation process and promotion of
tumour. While EGCG blocks the interactions between
proteins and ligands79, both EGCG and ECG inhibit the
gap junctional intercellular communication caused by
tumour promoters47.
The arrest of progression of various cancers by green
and black tea and their constituents has been adequately
reported. Of these, the most widely investigated anticancer
effects of tea are on skin, lung and digestive tract. In
mice, the conversion of benign skin papillomas to
malignant ones was significantly inhibited by topical
application of a green tea polyphenolic fraction 80.
Interestingly, so far in a single study, complete regression
has been reported in 4% of 346 papilloma-bearing mice74.
Some overlapping mechanisms, as discussed earlier,
have been shown to play possible role in prevention of
progress of skin cancer by polyphenols of green tea72,74
and black tea72,74,76,77. Conversion of mice skin papillomas
from benign to malignant stage is significantly decreased
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Table II. Antimutagenic effects of theaflavins in Salmonella strains TA97a, TA98, TA100 and TA 102 in preincubation tests
with or without S9 activation.
Theaflavins
(100 ml/plate)
TA97a
NPD (20 ml/plate)
NPD + 25
NPD + 50
NPD + 100
NPD + 200
TA98
NPD (20 ml/plate)
NPD + 25
NPD + 50
NPD + 100
NPD + 200
TA100
SA (1.5 ml/plate)
SA + 25
SA + 50
SA + 100
SA + 200
TA102
CH (100 ml/plate)
CH + 25
CH + 50
CH + 100
CH + 200

(Mean ± SDa) - S9

Theaflavins
(100 ml/plate)

(Mean ± SD a) + S9

1100
1000
1020
894
848

±
±
±
±
±

810
54
62
26b
49b

2-AF
2-AF
2-AF
2-AF
2-AF

(10 ml/plate)
+ 25
+ 50
+ 100
+ 200

1144
864
719
685
501

±
±
±
±
±

12
23b
85b
53b
13b

1133
987
998
841
747

±
±
±
±
±

52
50b
43b
38b
53b

2-AF
2-AF
2-AF
2-AF
2-AF

(10 ml/plate)
+ 25
+ 50
+ 100
+ 200

1273
1110
1041
741
455

±
±
±
±
±

40
47b
49b
65b
31b

1153
1043
1011
964
829

±
±
±
±
±

95
45
70a
56b
63b

2-AF
2-AF
2-AF
2-AF
2-AF

(10 ml/plate)
+ 25
+ 50
+ 100
+ 200

1228
980
796
672
498

±
±
±
±
±

30
76b
52b
61b
48b

1238
1079
1026
936
909

±
±
±
±
±

71
69a
80a
103b
41b

DN
DN
DN
DN
DN

1210
1084
1041
873
761

±
±
±
±
±

65
28a
72b
64b
55b

(30 ml/plate)
+ 25
+ 50
+ 100
+ 200

Mean and ± SD of four plates. Results of each concentration were compared with the solvent control by Dunnettts test. *p<0.05.
NPD - 4-nitro-o-phenylenediamine; SA - sodium azide; 2-AF - 2-aminofluorene; CH - Cumine hydroperoxide; DN - danthron.
-S9 - without S9 activation; +S9, with S9 activation.
Source: Reference 57.

by green tea polyphenols80. Black tea, when fed to tumour
bearing mice, can afford protection against different stages
of skin cancer through acceleration of apoptosis and
modulation of DNA synthesis 74,77 . An inflammatory
response is an early step to development of mouse skin
cancer induced by chemical carcinogen which is inhibited
by black tea polyphenols75. More recently, both black
and green tea extracts have been reported to inhibit the
inflammatory response and solid tumour growth by
3-methylchloranthrene in mice81 .
Several cancers such as cancer in the lung, oral cavity
and oesophagus are associated with cigarette smoking
and tobacco use82 A series of studies in animal models,
especially in mice and rats, employing the appropriate
carcinogens, mainly nitrosamine and in particular
4-(methylnitrosoamino)-1-(3-pyridyl)-butanone (NNK)
found in tobacco have revealed that green and black
tea or the corresponding polyphenols decrease the
incidence of these cancers through inhibition of oxidative
reaction caused by the carcinogens83,84. Formation of

nitrosamines, the carcinogens also found in tobacco,
can be prevented by phenolics of green tea 19,64,85 .
Pretreatment with black or green tea, decaffeinated tea
and EGCG reduces the number of lung tumours induced
by chemical carcinogens71,86. Studies with tea and its
constituents (black and green) on spontaneously
developing and induction of tobacco-specific nitrosamine
(NNK) lung tumour show parallel results84, 87, 88. Of all
the tea flavonoids, EGCG, theaflavin-3-3-digallate and
ECG exhibit maximum anticarcinogenic efficacy87. Further,
enhancement of 8-hydroxydeoxyguanosine level in mouse
lung DNA is also suppressed by green tea84.
In short, it can be said that initiation of skin cancer
is prevented by green and black tea and their
polyphenols 72-77,89. The promotion of skin cancer is
inhibited by green tea 74,80, black tea74-77 and EGCG74,
and its progression is reduced by green tea and
EGCG, 72,74 like black tea and its polyphenols72, 74-77.
Although adequate studies on initiation of lung cancer
vis-à-vis tea consumption are not available, its promotion
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Table III. Anticlastogenic effects of black tea (World blend) and its polyphenols TF and TR against CP and DMBA induced
chromosome aberrations in bone marrow cells of mice.
Aberrations/cellb
Treatment
(mg/kg)
Distilled water

Gaps
9

Chromatid Chromosome
Type
Type
0.01

Aberrant cells%
(Mean ± SD)c

Mitotic indices
(Men ± SD)c

0.00

1.00 ± 0.71

2.57 ± 0.13

5% tea

12

0.002

0.00

0.25 ± 0.43

2.62 ± 0.30

10% tea

12

0.002

0.002

0.50 ± 0.87

2.44 ± 0.33

20% tea

11

0.010

0.0025

1.25 ± 0.43

2.28 ± 0.38

CP (20 mg/kg)

58

0.540

0.095

30.75 ± 1.48

2.01 ± 0.38

5% tea + CP

61

0.550

0.0575

24.25 ± 3.77*

1.60 ± 0.46

10% tea + CP

32

0.475

0.0275

21.50 ± 3.57**

1.60 ± 0.61

20% tea + CP

26

0.222

0.032

18.00 ± 3.67**

1.95 ± 0.44

d

TF (40 mg/kg) + CP

31

0.45

0.02

19.75 ± 3.77**

2.47 ± 0.54

d

TR (160 mg/kg) + CP

44

0.23

0.03

18.00 ± 3.08**

2.55 ± 0.71

DMBA (50 mg/kg)

90

0.175

0.025

20.75 ± 1.92

1.22 ± 0.34

5% tea + DMBA

95

0.232

0.0275

16.00 ± 2.12*

1.25 ± 0.68

10% tea + DMBA

69

0.173

0.025

15.00 ± 2.74**

1.12 ± 0.35

20% tea + DMBA

53

0.10

0.008

9.00 ± 1.22**

1.12 ± 0.39

d

TF (40 mg/kg) + DMBA

33

0.16

0.02

13.50 ± 2.69**

1.26 ± 0.09

d

TR (160 mg/kg) + DMBA

43

0.16

0.015

11.50 ± 1.50**

1.65 ± 0.58

Total chromatid and chromosome gaps at each dose were recorded but not included as aberrations/cell.
Total number of aberration (chromatid or chromosome type)/total number of cells scored per dose group. Results are of 4 animals
(100 cells/animal).
c
Results at eah dose were compared with that of control using Dunnetts multiple comparison with control. * lp<0.05, **p<0.01.
d
Results at each dose were compared with that of positive control using paired students t test.
a

b

Source: Reference 62.

and progression is inhibited by green tea 84, 86, 88, 90 and
black tea86, 88. Similar reports are also available on varied
types of other cancers in which initiation 91,92 ,
promotion 93,94 and progression 95 are shown to be
prevented by both green and black tea and their
polyphenols in animal models.
In several situations, like oesophageal tumour, results
are equivocal71,95, 96. Similar anomaly exists for colon cancer
with controversial and contradictory reports93,96, but
indications are rather strong favouring the protective role
of green tea and its polyphenolic fractions against colon
cancer, especially when induced by azoxymethane96-98.
At a time when protective effect of tea has been shown
on liver cancer71, 86, 96, 98, results appear to be ambiguous
in cases of mammary gland and prostate cancer71, 99, 100
except for EGCG91,92.

Clinical and Epidemiological Studies
Human population studies to corroborate the general
outcome of the in- vivo and ex-vivo animal studies that
tea may be involved in reducing cancer risk are indeed
more equivocal. Studies with humans are far more
complex to carry out, quite understandably due to
heredity, diversity in food habits, environment, age and
gender, etc. Most case-control or cohort studies were
not specifically designed to examine the relationship
between tea consumption and cancer incidence, and
some studies are without adjustment of cancer risk factors
like smoking. Some anomalies in results have also arisen
from the fact that the temperature of the beverage was
not always controlled for71,101-103. Consumption of very
hot beverages may increase the risk of cancer, especially
of the pharynx and oesophagus.
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Stomach cancer, prevalent in the orient, as well as
in northern and eastern Europe, is related to the elevated
intake of salted and self-preserved food104,105. The rate
is particularly high in individuals who carry the bacterium,
Helicobacter pylori, that enhances cell cycling in gastric
mucosal damage 106 . Bacterial, viral and parasitic
infestations are also known to cause gastric cancer26.
The antimicrobial property of tea and its polyphenols107,
and their ability to inhibit the growth of Helicobacter
pylori108,109 have been implicated to play a role in prevention
of human gastric cancer. There is reasonable evidence
that the carcinogens associated with high incidence of
cancer seen in the western world, namely cancer of breast,
colon, prostate and pancreas, originate from frequent
and excessive intake of cooked meat containing
heterocyclic amines, a novel class of carcinogen110. The
heterocyclic amines require a 2-step metabolic activation
to DNA-reactive genotoxicants, including oxidative
modification of DNA. These reactions are inhibited by
black and/or green tea and their polyphenols60,111 .
Epidemiological, especially cohort studies indicate a
protective effect against various human cancers like
stomach, colon, pancreatic, oesophageal and urinary
bladder103. Metastatic cancer in human can be reproduced
by the growth of transplantable cancers in synergistic
systems and some studies demonstrate that intake of
tea lowers the uptake, growth and progression of
cancers72,112. Decreased numbers of auxiliary lymph node
metastatsis in premenopausal patients and increased
expression of progesterone and oestrogen receptors in
postmenopausal patients were found to be linked with
increased tea consumption in Japanese studies. The
investigators also reported decreased recurrence of breast
cancer and increased survival time of cured subjects113,114.
Another Japanese study has shown that consumption
of green tea reduces the risk of total cancer related with
a reduction of cancer incidence to age115.
Studies on human cancer development have been
highly supplemented by identification of biomarkers as
measurable biological criteria from easily available clinical
samples reflecting early onset of cancer116. The gambit
of biomarkers for early detection of cancer encompasses
a variety of indicators like change in the ROS status,
enhanced expression of oncogene-related genes like
c-Jun and/or c-Fas, extent of DNA damage in
lymphocytes, activation of signal transduction cascade
and selective activity of target enzymes65. A good evidence
of the protective effect of tea on oral cancer has emerged

from a Chinese study with diagnosed oral leukoplakias,
wherein micronuclei from exfoliated cells of buccal
mucosa, lymphocytes and chromosome aberration in
lymphocytes were employed as biomarkers. Oral and
topical administration of tea were shown to reduce the
number of micronuclei and DNA aberrations with decrease
in the number and volume of lesions 117. Employing
biomarker techniques, green tea consumption has been
reported to reduce the oxidative stress parameters in
smokers as compared to nonsmoker volunteers 44.
However, highly rigid control and critical evaluation are
necessary in studies with biomarkers for valid conclusion
due to their sensitivity to phenotypic and genotypic
polymorphism116.
Conclusions
An important question is emerging on the basis of
widely reported anticancer property of tea as to whether
or not its consumption contributes in chemotherapy.
Efficacy of chemotherapy has been reported to increase
by oral administration of green tea in mice bearing
implanted Ehrlich ascites carcinomas with dexorubiein118.
A positive synergistic effect has been found when green
tea and phytic acid are combined in suppression of
azomethane-induced aberrant crypt foci in rat colon97.
Further, at a time when tea had no significant effect on
development of mammary tumours in mice it was
completely inhibited by a combination of 50% effective
dose of tamoxifen and green tea119. Theamine present
in tea at a proportion of 1% on dry weight basis could
inhibit hepatic metastasis in mice with ovarian carcinoma
and augment the anti-tumour efficacy of doxorubicin120.
The anticancer efficacy of tea as documented against
varied types of cancer makes a strong case for its
supportive role in chemoprevention of cancer.
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