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A B S T R A C T

Tea is the most popular beverages all over the world. Polyphenols are found ubiquitously in tea leaves and
their regular consumption has been associated with a reduced risk of a number of chronic diseases
including cancer, cardiovascular and neurodegenerative diseases. Epigallocatechin-3-gallate (EGCG) is
the most abundant polyphenol in tea leaves and received great attention due to their protective role in
the prevention of the diseases. Rather than eliciting direct antioxidant effects, the mechanisms by which
tea polyphenol express these beneficial properties appear to involve their interaction with cellular
signaling pathways and related machinery that mediate cell function under both normal and pathological
conditions. The central focus of this review is to provide an overview of the role that the major tea
polyphenol, EGCG plays in preventing cancer, cardiovascular and neurodegenerative diseases. This
review present epidemiological data, human intervention study findings, as well as animal and in vitro
studies in support of these actions and delineates the molecular mechanism associated with the action of
EGCG in ameliorating of such diseases.

ã 2015 Elsevier Masson SAS. All rights reserved.
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1. Introduction

Tea is one of the most consumed beverages worldwide. At
present, it is cultivated in at least 30 countries around the world.
Tea produced from the leaves of the plant Camellia sinensis, a
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member of Theaceae family. In different parts of the world freshly
harvested tea leaf is processed differently to give oolong tea (2%),
green tea (20%) or black tea (78%) [1]. Green tea is prepared from
the fresh tea leaf and widely consumed in Japan and China.
Western cultures like to drink black tea which is prepared through
the oxidation, curing process of maceration and exposure to
atmospheric oxygen [2,3]. However, the health beneficial effect of
green tea for a wide variety of diseases including different types of
cancer, cardiovascular and lung diseases were extensively
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reported. The health benefits of consuming green tea and its
constituents in ameliorating cancer and cardiovascular diseases
are now well established [4–6]. Anti-inflammatory [7], antiar-
thritic [8], antibacterial [9], antiangiogenic [10], antioxidative [11],
antiviral [12], neuroprotective [13], and cholesterol-lowering
effects [14] of green tea and isolated green tea constituents
provided hopeful results.

The health-beneficial effects of green tea are mainly attributed to
its polyphenol content, particularly flavanols and flavonols, which
represent 30% of fresh leaf dry weight [1,15,16]. The major flavonoids
of green tea are various catechins [17]. There are four types of
catechins mainly detected in green tea: epicatechin (EC), epigallo-
catechin (EGC), epicatechin-3-gallate (ECG), and epigallocatechin-3-
gallate (EGCG) [18]. EGCG is renowned as the major catechin of green
tea for its maximum health beneficial effect [19]. Several epidemio-
logical studies show that green tea catechins provide some
protection against degenerative diseases [20]. Some studies speci-
fied that green tea catechins have an antiproliferative activity and
hypolipidemic activity in the prevention of hepatotoxicity [20] and
also act as a preventive agent against mammary cancer post-
initiation [20]. Green tea catechins were also found to be effective in
inhibiting oxidative stress and consequently cardiovascular and
neurological disorders [21,22]. In addition, green tea catechins could
also act as antitumorigenic agents and as immune modulators in
immunodysfunction caused by transplanted tumors or by carcino-
gen treatment [23]. This review elucidates the protective role of
EGCG in human health and disease.

1.1. Chemical composition of tea

The green tea leaves contain carbohydrates (5–7% dry weight)
such as cellulose, glucose, sucrose, fructose, pectins; proteins (15–
20% dry weight), whose enzymes constitute an important fraction;
amino acids (1–4% dry weight) such as serine, glutamic acid,
tryptophan, tyrosine, valine, arginine, glycine, aspartic acid,
leucine, threonine, and lysine; trace amounts of lipids (linoleic
and a-linolenic acids), sterols (stigmasterol); minerals and trace
elements (5% dry weight) such as calcium, magnesium, manga-
nese, iron, chromium, zinc, copper, molybdenum, phosphorus,
sodium, cobalt, selenium, strontium, potassium, nickel, and
aluminum; vitamins such as Vit-B, Vit-C, Vit-E; pigments
(chlorophyll, carotenoids); and volatile compounds (aldehydes,
alcohols, esters, lactones, hydrocarbons). Fresh tea leaves contain,
3–4% of alkaloids known as methylxanthines, such as caffeine,
theobromine, and theophylline and also phenolic acids for
example, gallic acids [2].

Green tea also contains polyphenols, which include flavanols,
flavandiols, flavonoids, and phenolic acids; these compounds may
account for about 30% of the dry weight. Most of the green tea
polyphenols (GTPs) are flavonols, commonly known as catechins.
There are four types of catechins mainly detected in green tea:
epicatechin (EC), epigallocatechin (EGC), epicatechin-3-gallate
(ECG), and epigallocatechin-3-gallate (EGCG). The preparation
methods influence the catechins both quantitatively and qualita-
tively. The amount of catechins differs in the original tea leaves
because of differences in variety, origin and growing conditions
[24]. The preparation of fresh green tea cannot extract the total
catechins from the leaves; therefore, the concentration differs from
the absolute values determined through the complete extraction of
leaves [25]. However, catechins are relatively unstable and could
be modified quantitatively during the time frame of an experiment
[26,27]. As a result, comparison of ingested doses in animal studies
seems difficult because the catechin quantification before admin-
istration is often not known. In the recent years, many of the health
beneficial effects of green tea were credited to its most abundant
catechin, EGCG [28,29].
1.2. EGCG on obesity and diabetes

The effects of tea on obesity and diabetes have received a great
attention, especially EGCG, appear to have anti-obesity effects [30].
As the frequency of type 2 diabetes mellitus is increasing at a
frightening rate, necessity of effective nutritional approaches for
the prevention of this disease is very important. Specific dietary
components having anti-diabetic efficacy could be one aspect of
these strategies. Black tea extract has been shown to suppress the
increase of blood glucose during food intake and reduce the body
weight in diabetic mice [31]. However, epidemiological and clinical
studies on the health benefits of EGCG on obesity and diabetes
concerning the mechanisms of its actions based on various
laboratory data are limited. Recent data from human studies
showed that the consumption of green tea and green tea
polyphenols may help in reducing body weight, mainly body fat
by the increase of postprandial thermogenesis and fat oxidation
[32]. Although a double-blind, placebo-controlled, cross-over
design study showed that consumption of a beverage containing
green tea catechins, caffeine and calcium increases 24-h energy
expenditure by 4.6%, but the contribution of the individual
components could not be differentiated. However, a study in the
recent past reported that the body weights of rats and their plasma
triglyceride, cholesterol and low-density lipoprotein cholesterol
were significantly reduced by feedings of oolong black and green
tea leaves to the animals, where EGCG plays the predominant role
[32]. Another study indicated that mice fed with EGCG have been
shown to decrease diet-induced obesity in mice by decreasing
energy absorption and increasing fat oxidation [33]. In a
randomized, double-blind, placebo-controlled and cross-over pilot
study, six overweight men were given 300 mg EGCG daily for two
weeks and their fasting and postprandial changes in energy
expenditure and substrate oxidation were determined. The results
indicated that resting energy expenditure did not differ signifi-
cantly between EGCG and placebo treatments, interestingly during
the first postprandial monitoring phase, respiratory quotient
values were significantly lower with EGCG treatment compared
to the placebo. These novel findings suggest that EGCG alone has
the potency to increase fat oxidation and thereby shows anti-
obesity effect. However, more successful studies with a greater
sample size and a broader range of age and body mass index are
needed to define the optimal dose.

Wolfram et al. [34] investigated the anti-diabetic effects of
EGCG in rodent models of type 2 diabetes mellitus and H4IIE rat
hepatoma cells. The study showed that EGCG beneficially modifies
glucose and lipid metabolism in H4IIE cells and significantly
enhances glucose tolerance. A recent study suggested that EGCG
ameliorates glucose tolerance, increases glucose-stimulated insu-
lin secretion and reduces the number of pathologically changed
islets of langerhans, increases the number and the size of islets, and
heightens pancreatic endocrine area in db/db mice. The mecha-
nism of action of EGCG has been suggested due to having anti
oxidative property [35]. A laboratory study investigated the effects
of EGCG (25, 50, 100 mg/kg for 50 days) in rats with streptozotocin-
induced diabetes and subtotal nephrectomy. EGCG reduced
hyperglycemia, proteinuria, lipid peroxidation and also decreases
advanced glycation end-product accumulation in the kidney cortex
[36]. Waltner-Law et al. [37] provided in vitro evidence that EGCG
decreases glucose production of H4IIE rat hepatoma cells. They
demonstrated that EGCG induces an increase in tyrosine phos-
phorylation of the insulin receptor thereby mimicking insulin and
also the insulin receptor substrate and reduces gene expression of
the gluconeogenic enzyme phosphoenolpyruvate carboxykinase.
EGCG has also been shown to modulate glucose metabolism
beneficially in experimental models of type II diabetes mellitus
[38,39]. Furthermore, a previous study demonstrated that EGCG
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ameliorates cytokine induced b cell damage in vitro [40] and
prevents multiple low doses of streptozotocin induced decrease of
islet mass in vivo [41]. Lambert et al [42]. showed that intragastric
administration of EGCG at a dose of 75 mg/kg resulted in a Cmax of
128 mg/l total plasma EGCG and a terminal half-life of 83 min.
Additionally, an oral intake of EGCG at a dose of 50 mg (0.7 mg/kg)
resulted in a Cmax of 130 mg/l total plasma EGCG and a terminal
half-life of 112 min in humans [43].

Several research studies demonstrated that EGCG prevents
adipocyte proliferation and differentiation [44–46], increases
cellular defence against oxidative stress and blocks sodium-
dependent glucose transporter 1 (SGLT1) and lipid micelle
formation in the intestine [47,48]. Blockage of SGLT1 and lipid
micelle formation is the most important mechanisms for EGCG to
exert its effect against obesity and diabetes. However, there is a
limitation to use these catechins as a remedy for these two
metabolic diseases. Retinol-binding protein 4 (RBP-4) has recently
been described as an adipokine that contributes to insulin
resistance in the AG4KO mouse model [49]. It is mainly secreted
by adipocytes, and act as a signal to other cells, when there is a
decrease in plasma glucose concentration [50]. A recent study
indicated that EGCG treatment to adipocytes up regulates RBP-4.
The increased expression of RBP-4 after EGCG treatment was
further recovered by co-treatment of methyl pyruvate with
vitamin E, which is a cellular energy source by passing sodium-
independent glucose transporters (GLUTs) and glycolysis, suggest-
ing that impaired glucose uptake by EGCG appeared to be a
causative mechanism for RBP-4 upregulation [51]. Thus, dietary
supplementation with EGCG could potentially contribute to
nutritional strategies for the prevention and treatment of type
2 diabetes mellitus.

1.3. EGCG and cancer

One third of the human cancers are caused by dietary lifestyle
and moderate diet is the potential approach against this life
threatening disease. Chemoprevention has become known as a
practical strategy to reduce cancer incidence and as a result of
the mortality and morbidity associated with this severe disease.
A perfect chemo preventive agent for humans should have high
efficacy in multiple sites, a known mechanism of action and
minimal side effects. Additionally, it should be nontoxic to
normal cells, easy to oral consumption, cost-effective, suitably
bio-available and with human acceptance. The use of tea, as a
cancer chemo preventive agent gained worldwide appreciation
in the last twenty five years. Epidemiological as well as
laboratory studies have indicated tea consumption conversely
associated with the progression of certain cancer types [52–54].
It has now been suggested that tea polyphenols potently induce
apoptotic cell death and cell cycle arrest through several
biological pathways in tumor cells, but not in their normal cells
[55]. According to results from several epidemiological studies,
individuals who drink green tea regularly may have less frequent
or less severe cancer in various areas of the body such as in the
ovary and prostate [56–58]. There are many evidences which
suggest that regular intake of green tea at a level of more than
three cups daily may reduce the chance of lung cancer in
smokers [59]. The inhibitory effects of tea polyphenols on
tumorigenesis in the digestive tract, including the oral cavity,
esophagus, stomach, small intestine, and colon, have also been
found in more several studies [60–63]. Additionally, there are a
large number of studies concerning the relation between tea
polyphenols and colorectal cancer [64]. Consumption of tea
catechin capsules after one year inhibited the conversion of high-
grade prostate intraepithelial neoplasia to cancer in comparison
to a placebo [65].
When tea preparations were administered during the initiation,
promotion, or progression stages of carcinogenesis in rats, the
inhibitory activity of the main tea catechin, EGCG has also been
studied in the laboratory. Laboratory studies suggested that EGCG
works mainly at the cellular level to intervene against various
cancers, including breast [66,67]; pancreas [68]; mouth [69]; colon
[70] and prostate [71,72]. Khan and Mukhtar [73] described the
pathways involved in cancer chemoprevention by EGCG as causing
inhibition of: (1) mitogen-activated protein (MAP) kinases and
activator protein-1 (AP-1), (2) nuclear factor-kB (NF-kB) signaling
pathway, (3) epidermal growth factor receptor (EGFR)-mediated
pathways, (4) insulin-like growth factor (IGF)-1 mediated signal
transduction pathways, (5) proteosome activities, (6) MMPs
activity, (7) urokinase-plasminogen activator activities and (8)
induction of apoptosis and cell cycle arrest.

Yamamoto et al. [74] reported that EGCG could be used to
enhance the effectiveness of chemo/radiation therapy to induce
cancer cell death while protecting the normal cells. EGCG
consumption by green tea has been shown to prevent breast
cancer [75,76]. A recent study suggested that combination therapy
of curcumin and EGCG function as antitumor agents for
suppressing breast cancer stem cells (BCSCs) through regulating
STAT3 and NFkB signaling pathways, which could serve as targets
for reducing the CSCs leading to novel targeted-therapy for treating
breast cancer [77]. EGCG has also been shown to potentiate the
effect of curcumin in inducing growth inhibition and apoptosis of
resistant breast cancer cells [78]. Another recent study indicated
that, EGCG prevents cell growth and proliferation of MCF-7 breast
cancer cells, possibly by inhibiting the protein expression of HIF-
1a and VEGF [79]. A previous finding indicated that EGCG
suppresses the growth, migration and invasion of human triple
negative breast cancer cells by inhibiting VEGF expression [80].

Tamoxifen elicits proapoptotic effects in ER-negative breast
cancer through the modulation of cell signaling pathways in an ER-
independent manner. However, these effects have been mostly
reported with high concentrations of tamoxifen. The combination
of tamoxifen with green tea catechins could enhance its action in
ER-negative breast cancer. In addition, such a combination could
allow a dosage reduction of breast endocrine treatment in ER-
positive breast cancer and in breast cancer chemoprophylaxis
leading to an amelioration of the safety profile [81]. In this regard,
Huang et al. [82] showed that a co-treatment with 5 mM EGCG and
200 nM tamoxifen had a synergistic effect in the inhibition of MCF-
7 and AU565 breast cancer cell growth through the down-
regulation of the Skp2 protein, an S-phase kinase protein 2 (Skp2),
component of the Skp1-cullin 1-Fbox protein (SCF) ubiquitin ligase
complex, which modulates the p27 proteolysis, a key regulator of
G1-to-S phase progression. Zhou et al. [83] also reported that
breast cancer is significantly less prevalent among Asian women,
who consume high intake of EGCG as dietary intervention.

EGCG has been shown to inhibit the growth of human lung
cancer cells in test tubes [84]. A previous experimental report
indicated the anticarcinogenic activity of EGCG to inhibit lung
cancer [85]. Combination therapy of Leptomycin B (LMB) and EGCG
augments LMB-induced cytotoxicity through enhanced ROS
production and the modulation of drug metabolism and p21/
survivin pathways and prevents the development of lung cancer
and act as a promising anti-lung cancer drug [86]. A recent
research postulated that EGCG inhibits nicotine-induced migration
and invasion by the suppression of angiogenesis and epithelial-
mesenchymal transition (EMT) and prevents lung cancer progres-
sion [87]. The inhibition of cell proliferation of human non-small-
cell lung cancer A549 cells by EGCG achieved via suppressing the
expression of the cell death-inhibiting gene, Bcl-xL [88]. A recent
data suggested that EGCG impedes proliferation of lung cancer
cells including their chemo-resistant variants through down
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regulation of Axl and Tyro 3 expression [89]. Furthermore, EGCG
has been reported to strongly suppress lung tumorigenesis
through its binding with Ras-GTPase-activating protein
SH3 domain-binding protein 1 (G3BP1) [90]. Ma et al. [91]reported
the anti-lung cancer activity of EGCG through the inhibition of the
EGFR signaling pathway. Anti-proliferative effects of EGCG on
A549 lung cancer tumor growth and angiogenesis has also been
reported [92]. A recent intensive study suggest that EGCG could
have an effective inhibitory effects on tumor angiogenesis induced
by insulin-like growth factor-I (IGF-I) in human lung cancer cells,
which may occur through the down regulation of hypoxia-
inducible factor-1a (HIF-1a) and vascular endothelial growth
factor (VEGF) expression [93]. EGCG has also been shown to inhibit
MDM2-mediated p53 ubiquitination that may partly contribute to
the anti-lung cancer activity of EGCG [94]. Ko et al. [95] recently
demonstrated that EGCG inhibits transforming growth factor-b1
(TGF-b1)-mediated EMT by suppressing the acetylation of
Smad2 and Smad3 and impedes lung tumorigenesis. Deng and
Lin [96] recently suggested that EGCG inhibits the invasion of
highly invasive CL1-5 lung cancer cells by suppressing MMP-
2 expression via JNK signaling pathway and impedes lung cancer
inducing G2/M arrest.

In relation to prostate cancer, Gupta et al. [97] and Adhami et al.
[98] reported that tea polyphenols, mainly EGCG could inhibit the
development of prostate cancer in an animal experiment. Paschka
Fig. 1. Role of EGCG in inhibiting cancer. R: receptor; MAPK: mitogen activated protein
1; Skp-2: S-phase kinase-associated protein 2; G3BP1: Ras GTPase-activating pro
metalloproteinase-9; EGF: epidermal growth factor; VEGF: vascular endothelial growth
CREB: cAMP response element-binding protein; STAT: signal transducer and activator o
et al. [99] suggested that EGCG is the most effective catechin in
inhibiting prostate cancer cell growth via apoptotic cell death as
shown by changes in nuclear morphology and DNA fragmentation.
On the other hand, Brusselmans et al. [100] demonstrated that
EGCG prevents prostate cancer cell growth by inducing apoptosis
through the inhibition of fatty acid synthase (FAS) activity and
could be used as a potent chemopreventive and therapeutic
antineoplastic agent for prostate cancer.

A dose of 15 mmole EGCG/mouse for 7 days prior to initiation
with 7,12-dimethylbenz(a) anthracene (DMBA) followed by twice
weekly treatment with 12-O-tetradecanoylphorbol-13-acetate
(TPA) as the tumor promoter resulted in significant prevention
against skin tumor initiation in SENCAR mouse skin [101]. In these
experiments, pretreatment of EGCG to the SENCAR mouse to that
of carcinogen treatment was found to cause 30% inhibition in
carcinogen metabolite binding to epidermal DNA suggesting EGCG
may have the capability of inhibition of the metabolism of the
precarcinogen [101]. Fig. 1 schematically represents the possible
role of EGCG in prevention of cancer.

1.4. EGCG and cardiovascular diseases

Cardiovascular disease (CVD) includes all the diseases of the
heart and associated blood vessels including coronary heart
disease, heart failure, cardiomyopathy, and rheumatic heart
 kinase; PI3K: phosphoinositide 3-kinase; ASK-1: apoptosis signal-regulating kinase
tein-binding protein 1; MMP-2: matrix metalloproteinase-2; MMP-9: matrix

 factor; HIF1a: hypoxia-inducible factor1 a; TGFb: transforming growth factor b;
f transcription; AP-1: activator protein 1; NF-kB: nuclear factor kB.



Fig. 2. Role of EGCG in preventing cardiovascular diseases. AP-1: activator
protein 1; NF-kB: nuclear factor kB; ATF2: activating transcription factor 2; TNFa:
tumor necrosis factor a; VEGF: vascular endothelial growth factor; IGF-1: Insulin-
like growth factor; PPAR: peroxisome proliferator-activated receptor; KLF4:
kruppel-like factor 4.
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disease. CVD is one of the major causes of morbidity and mortality
worldwide. One of the prevalent of CVD is atherosclerosis. This
occurs due to an abnormal build-up of plaque formation of fat and
other substances inside the arteries. Atherosclerosis is most
serious in the condition when it reduces blood supply to the
heart (causing angina or heart attack). A range of genetic and
environmental factors play a key role in initiation, progression and
development of CVDs; however, it is difficult to explore the impact
that an individual factor, for example, a specific dietary nutrient on
the progression of CVD. However, regular consumption of
polyphenol-rich beverage tea may exert cardio-protective effects
in humans. Furthermore, meta-analyses have indicated that the
consumption of three cups of tea per day reduces CVD risk by 11%
[102].

Several epidemiological studies indicated that tea consumption
is one of the factors to affect the risk of CVDs and it could uniformly
lower the rate of heart diseases [103]. The first study indicating a
protective effect of tea on atherosclerosis in experimental animals
was published in 1967 [104] suggesting consumption of tea
seemed to reduce the extent of atherosclerosis in hypercholester-
olemic rabbits. A previous report suggested that green tea
polyphenols consumption for 4 months significantly reduced
aortic atherosclerosis in hypercholesterolemic rabbits [105].
Likewise, green tea intake reduced atherosclerotic plaque forma-
tion by 30% in rabbits fed a high-fat diet supplemented with 0.15%
cholesterol [106]. Additionally, the effectiveness of EGCG against
rabbit atherosclerosis was significantly improved by incorporating
EGCG into the nanoformulation [107]. EGCG has been shown to
ameliorate Porphyromonas gingivalis-induced atherosclerosis in
mice model [108]. Ramesh et al. [109] suggested that EGCG
improves serum lipid profile and erythrocyte and cardiac tissue
antioxidant parameters in Wistar rats fed an atherogenic diet.
Ramesh et al. [110] also suggested the inhibitory effect of EGCG on
the expression of C-reactive protein and other inflammatory
markers in an experimental model of atherosclerosis and may have
potency to decrease CVD. In another study, the effects of EGCG on
atherosclerotic plaque development were investigated in apolipo-
protein E-null mice [111]. Intraperitoneal administration of EGCG
(10 mg/kg for 42 days) reduced atherosclerotic lesions formation
by 73% after cuff-injury of the carotid artery [112].

The cardiovascular benefit of EGCG was also observed in a study
with isolated guinea pig hearts in which EGCG added to the
perfusion medium (10 and 100 mM) increased left ventricular
pressure, as well as nitric oxide and calcium content of the heart
without increasing the heart rate exhibiting the positive inotrophic
effects without accompanying positive chronotrophic effects in an
NO-dependent manner [113]. The effect of EGCG on myocardial
ischemia-reperfusion injury was investigated in rats [114]. EGCG
was administered intravenously (10 mg/kg) at the end of the 30-
min ischemia period, followed by continuous infusion during the
reperfusion period (10 mg/kg/h). EGCG administration significant-
ly reduced myocardial injury (myocardial damage score and
plasma creatine phosphokinase), plasma interleukin-6 and neu-
trophil infiltration [114]. Li et al. [115] investigated the effects of
EGCG on cardiac hypertrophy in vitro and in vivo induced by
pressure overload due to constriction of the abdominal aorta in rat
model. EGCG treatment (50 mg/kg orally for 21 days) has been
shown to prevent the overload-induced cardiac hypertrophy.

In other ways, EGCG in combination with zinc has been
reported to protect cardiac myocytes against hypoxia/reoxygena-
tion (H/R)-induced apoptotic cell death and suggested as the
effective agents for use in the prevention of ischemia-reperfusion
(I/R) injury in clinical practice and subsequenty ameliorate
coronary artery disease (CAD) [116]. Widlansky et al. [117]
indicated that EGCG infusion acutely improves endothelial
dysfunction in humans and reduces the possibility of CAD. EGCG
has also been shown to inhibit STAT-1 activation and protects
cardiac myocytes from I/R-induced apoptosis and act as a cardio
protective agent in CAD. Fig. 2 schematically represents the role of
EGCG in prevention of cardiovascular diseases.

1.5. EGCG and cerebral ischemic stroke

An intensive study demonstrated that intra-cerebroventricular
injection of EGCG immediately following ischemia, inhibits
endoplasmic reticulum stress (ERS) and improves the neurological
status of rat model of stroke that have undergone middle cerebral
artery occlusion via the inhibition of calpain-mediated proteolysis
of the transient receptor potential cation channel, TRPC6 and the
subsequent activation of cAMP response element-binding protein
(CREB) via the MEK/extracellular signal-regulated kinases (ERK)
pathway [118].

EGCG has also been shown to improve the efficiency of synaptic
transmission in cerebral ischemia injury with attenuated effect
related to the neuroprotection of EGCG by regulating excitatory
and inhibitory amino acid balance [119]. Lim et al. [120] evaluated
the functional effect of EGCG on ischemic stroke in rat model and
suggested that EGCG may induce functional improvement of
forelimb in middle cerebral artery occlusion (MCAO) rat model
with ischemic stroke during the acute or subacute period. A recent
study investigated the effect of EGCG on memory and learning
after ischemia and demonstrated a functional improvement in a
transient middle cerebral artery occluded rat [121]. Suzuki et al.
[122] investigated the protective effects of green tea catechins on
cerebral ischemic damage and suggested that daily intake of green
tea catechins, mainly EGCG efficiently protects the damage caused
by cerebral ischemia. Uchida et al. [123]indicated that EGCG may
prevent incidence of stroke due to the radical scavenging action
and inhibition of lipid peroxidation and may result in prolonging
the life span of stroke-prone spontaneously hypertensive rat
(SHRSP).

1.6. EGCG and lung diseases

Lung diseases are one of the most common in the world.
Relatively small number of studies has been performed with the
effect of the tea polyphenolic component catechins on lung
diseases and the role that EGCG plays in this regard is limited.

Investigation with the effect of EGCG on lung injury,
Giakoustidis et al. [124] performed a study examining the effect
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of EGCG on I/R induced lung injury. In this study, thirty number of
male Wistar rats were divided equally into a sham-operation
group, an intestinal I/R group and an intestinal I/R group pretreated
with EGCG intraperitoneally. Light microscopy and transmission
electron microscopy examinations showed that I/R induces
significant lung injury; however, animals treated with EGCG gives
protection of lung parenchyma [124]. In another study, Dona et al.
[7] investigated the effect of EGCG on pulmonary fibrosis in
neutrophil in mice model. Micromolar EGCG represses reactive
oxygen species activity and inhibits apoptosis of activated
neutrophils and significantly inhibits chemokine-induced neutro-
phil chemotaxis in vitro. In another way, oral administration of
EGCG blocks neutrophil-mediated angiogenesis in vivo in an
inflammatory angiogenesis model and enhances resolution in a
pulmonary inflammation model leading to reduce fibrosis. In a
recent study, it has been shown that EGCG pretreatment
ameliorate seawater aspiration-induced acute lung injury (ALI).
EGCG pretreatment has been shown to reduce the total and the
phosphorylated protein level of STAT1 in vivo and in vitro and
decreased the phosphorylated protein level of JAK1 and JAK2 and
thereby ameliorates seawater aspiration-induced ALI [125].

1.7. EGCG and neurodegenerative disease

Neurodegenerative diseases are defined as hereditary (caused
by genetically) and sporadic (caused by environmental factor)
conditions which are characterized by progressive nervous system
dysfunction resulting in the loss of memory and learning. These
disorders are often associated with atrophy of the affected central
or peripheral structures of the nervous system which includes
Alzheimer's disease (AD) and Parkinson's disease (PD). The
neuroprotective effects of tea polyphenols have been demonstrat-
ed in several studies and it has been suggested that tea
consumption is inversely correlated with the incidence of
dementia, AD and PD. This may explain why there are significantly
lower rates of age-related neurological disorders among Asians
than in Europeans or Americans [126]. In a study among a Japanese
population, it has been demonstrated that consumption of 2 or
more cups/day (100 ml/cup) of green tea is associated with lower
prevalence of cognitive impairment [127]. These findings empha-
size the importance of well designed controlled studies to assess
risk reduction for neurodegenerative diseases in consumers of
green tea.

Alzheimer’s disease (AD) is a progressive neurodegenerative
disease characterized clinically by poor onset of memory and
cognition impairment, emergence of psychiatric symptoms and
behavioral disorders, and impairment of daily living activities. It
is the most common form of dementia found in the elderly.
During the past decade, many hypotheses have been put forward
for AD pathogenesis. Among them, the b-amyloid (Ab) cascade
has widely been accepted. One of the hallmarks of AD is the
presence of senile plaques in the hippocampus formed by the
deposition of Ab, which is a 40–42 amino acid polypeptide. The
Ab is made from the amyloid precursor protein (APP) by
sequential proteolysis by the two enzymes, b- and g-secretase, at
the N- and C-terminus of the Ab sequence respectively. However,
APP is also processed by a-secretase within the Ab sequence
generating a soluble neurotrophic APPa (APPa). There is growing
evidence suggesting that Ab is a neurotoxin whose aggregation
leads to oxidative stress, neuronal destruction and finally the
clinical symptoms of AD. Research following this hypothesis
suggested that the prevention of AD can be made by decreasing
the production of Ab directly by the cleavage of APP or indirectly
by the production of APP, stimulation of clearance of Ab formed
or prevention of aggregation of amyloid plaques. Research with
tea polyphenolic compound, mainly EGCG in AD model is
currently gained much importance. Recent research investigated
the effect and mechanism of EGCG on the degeneretive changes
of the brain in AD model mice induced with the drug, D-gal (N-
Methylindolyl-b-D-galactopyranoside). EGCG at 6 mg/kg/d for
4 weeks significantly reduced the expression of Ab and APP in
the hippocampus of AD model mice induced by D-gal and
prevents neuronal injury [128]. Sommer et al. [129] indicated in
their study that irradiation with moderate levels of 670 nm light
and EGCG supplementation complementarily reduces Ab aggre-
gates in human neuroblastoma (SH-EP) cells. Fernandez et al.
[130] explored the effect of EGCG on AD mice and suggested that
increased non-amyloidogenic processing of APP through the
a-secretase and metallopeptidase domain 10 (ADAM10). This
study also demonstrated that EGCG-mediated enhancement of
non-amyloidogenic processing of APP is mediated by the
maturation of ADAM10 via an estrogen receptor-a (ERa)/
phosphoinositide 3-kinase (PI3K)/Akt dependent mechanism,
but independent of furin-mediated ADAM10 activation. This
study indicated that central selective ER modulation could be a
therapeutic target for AD and EGCG could be useful in the
treatment of this disease. Another study suggested that EGCG
could inhibit the activation of ERK and NFkB in the Ab-injected
mouse brains and subsequently suppresses b- and g-secretases
activities and inhibited Ab-induced apoptotic neuronal cell death
leading to amelioration of cognitive dysfunction [131]. EGCG has
also been shown to prevent lipopolysaccharide-induced eleva-
tion of Ab production and improves memory deficiency in a mice
model [132]. The role of EGCG has been investigated in the
Tg2576 AD mouse model in which it was shown to decrease Ab
levels by promoting increased APP cleavage through activation of
a-secretase [133]. Rezai-Zadeh et al. [134] showed that a
transgenic mice overproducing Ab treated with EGCG decreased
Ab levels and plaques associated with promotion of the
nonamyloidogenic a-secretase proteolytic pathway. Additionally,
oral administration of EGCG (50 mg/kg/daily for 6 months) in AD
mice model resulted in decreased levels of soluble and insoluble
oligomeric Ab, as well as amelioration of spatial learning deficits
[135]. These above data lend credence to the possibility that
EGCG as a dietary supplementation could be effective prophy-
laxis for AD.

Parkinson’s disease (PD), like AD, is another severe neurode-
generative disease found in elder population. PD is linked
genetically and neuropathologically to a-synuclein and character-
ized by the accumulation of a-synuclein protein in the brain in the
form of lewy bodies. In regard to the relation between PD and tea, it
has been suggested that tea consumption is inversely associated
with the progression of PD. A case-control study in the United
States indicated that people who consumed 2 cups/day or more of
tea presented a decreased risk of PD [136]. In support of this
finding, another study taken with nearly 30,000 Finnish adults
aged 25–74 year followed for 13 year found that drinking 3 or more
cups (200 ml/cup) of tea is associated with a reduced risk of PD
[137]. A recent study demonstrated that EGCG has been shown to
redirect the aggregation of a-synuclein monomers and remodel
a-synuclein amyloid fibrils into disordered oligomers [138].
Another recent study indicated that EGCG prevents differentiated
SH-SY5Y cells from toxicity induced by 6-hydroxydopamine [139].
Choi et al. [140] demonstrated that both the oral administration of
tea and EGCG prevented the loss of tyrosine hydroxylase (TH)-
positive cells in the substantia nigra (SN) and the TH activity in the
striatum. These treatments also preserved striatal levels of
dopamine and its metabolites, 3,4-dihydroxyphenylacetic acid
and homovanillic acid (HVA). Thus, EGCG could be a successful
dietary supplementation in the prevention of PD.



Fig. 3. Role of EGCG in prevention of chronic diseases. Agonist binding to the
receptor (R) in the cell membrane leads to activation of various signaling pathways
which induces in progression of many chronic diseases, such as cancer,
cardiovascular diseases, neurodegenerative disorder. The (�) sign describes that
EGCG treatment inhibits agonist induced signaling pathway activation leading to
prevention of developing such diseases.
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2. Conclusion and future direction

Polyphenols are found abundantly in plants and as a result are
consumed in relatively high quantities in the human diet. Over the
last 25 years, a considerable amount of data has come into sight
with regard to the potential health beneficial effects of several
classes of polyphenolic compounds. Tea is a popular beverage
containing high amount of polyphenols among which EGCG has
been given an important attention for its role in ameliorating
various types of disease. Now, the mechanisms by which
polyphenols, mainly EGCG, exert such benefits are beginning to
be uncovered. The mechanisms involve interactions with a number
of cellular signaling pathways, which are important for normal
cellular functions. Such interactions appear to modify these
signaling pathways, which in turn prevent progression of chronic
diseases. However, a better understanding of how EGCG interact
with cells, its cellular targets and exact mechanism (s) of action
remains to be established.

Molecular dynamics assay on EGCG indicated that two close
parallel aromatic rings and a third aromatic ring vertical to the two
parallel rings may play a key role in the pharmacophore activity.
This important information contributes in elucidating the mecha-
nisms by which tea catechin derivatives act as novel chemo-
preventive agents. Indeed, EGCG and green tea are potent
inhibitors and are orally available pharmacological agents that
may be effective in preventing various types of disease such as
cancer, heart and neurodegenerative diseases. Fig. 3 schematically
represents the role that EGCG plays in prevention of chronic
diseases.
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