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Abstract

Green tea leaves (Camellia sinensis, Family Theaceae) have been consumed in the form of beverage since long,
but their widespread health benefits have been discovered relatively recently. Epigallocatechin gallate (EGCG)
is a polyphenol found abundantly in these leaves. It is a potent antioxidant which helps greatly in combating the
oxidative stress generated in the body during various physiological processes. Oxidative stress plays a great role in
the development of various chronic diseases such as heart diseases, cancer, and neurodegenerative diseases, such
as Parkinson’s and Alzheimer’s diseases. Oxidative stress is also involved in the process of aging. The oxygen
radical absorbance capacity assay conducted by the US Department of Agriculture clearly signifies that brewed
green tea is a potent antioxidant in comparison to majority of antioxidant rich foods, such as brewed black tea, raw
kiwi, lemon juice, and extra virgin olive oil. EGCG has shown promising results in the therapy of various diseases
and disorders such as cancers, fatty liver disease, HIV infection, hypertension, Type-II diabetes mellitus, obesity,
and neurodegenerative diseases. Some recent studies have revealed novel actions of EGCG, such as interaction
with proteins and phospholipids in the plasma membrane. This review presents a comprehensive outlook on
the reported pharmacological activities of EGCG along with its green extraction method, pharmacokinetic and
toxicity profiles. The data have been collected by several research and review papers obtained from various
journal resources including PubMed Central and Elsevier.
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INTRODUCTION

pigallocatechin gallate (EGCG) is a
Epotent antioxidant belonging to the

chemical class of polyphenols which is
found abundantly in unfermented (green) tea
leaves. Green tea has been consumed since long
for its relaxing effects, but it has been subjected
to tremendous research relatively recently. It has
been found out that green tea ensues a plethora
of beneficial effects on the overall health due to
the presence of EGCG [Figure 1].01

Antioxidants are substances which help in
scavenging the reactive oxygen species (ROS).
These ROS are a number of reactive molecules
and free radicals which are chemically the
derivatives of molecular oxygen. These ROS
are invariably produced during normal aerobic
respiration in the cells. These reactive molecules
are responsible for a number of adverse events
leading to cellular death eventually.” There
are some intrinsic antioxidant mechanisms
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such as superoxide dismutase, catalase, and glutathione
peroxidases present in the body which neutralize the ROS,
and thereby protect the body cells. However, at times, the
production of ROS exceeds the capacity of these mechanisms
to tackle them. Such a condition is termed as oxidative
stress.’] Oxidative stress is responsible for many adverse
events such as lipid peroxidation, physiologic adaptation
phenomena, oxidative DNA damage, and signal transduction
pathways within the cells. Furthermore, the relation between
oxidative stress and several lifestyle-related diseases, aging,
chronic and neurodegenerative diseases has been established
over time."! Owing to the fact that the innate antioxidant
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Figure 1: Chemical structure of (-) epigallocatechin gallate

mechanisms of the body are not 100% sufficient, the need
for dietary antioxidant arises. Dietary antioxidants can be
defined substances available in the foods that significantly
reduce the adverse effects of ROS on normal physiological
functions, such as ascorbic acid (Vitamin C) and tocopherol
(Vitamin E). As per the oxygen radical absorbance capacity
(ORAC) assay conducted by the US Department of
Agriculture, EGCG is a potent dietary antioxidant. Its ORAC
value exceeds that of various antioxidant rich foods such as
raw Kiwi, extra virgin olive oil, lemon juice, brewed black
tea. The development of various chronic diseases such as
atherosclerosis, cancers, fatty liver disease, heart diseases, and
neurodegenerative diseases like Alzheimer’s and Parkinson’s
diseases may be attributed, in part, to the oxidative stress.5
On the basis of several studies, EGCG has been reported to
be of therapeutic value in several diseases. Many companies
have been involved in the manufacturing of EGCG tablets.
In this review, we shall discuss the therapeutic potential of
EGCQG, its extraction and toxicity.

EXTRACTION

Several methods have been proposed for extraction of
(-) EGCG from green tea leaves. The widely used process for
extraction of polyphenols from green tea leaves is extraction
using organic solvents, such as alcohol, and then separating
it by adsorption.’’ Green tea polyphenols have also been
extracted using microwaves. In this technique, the tea leaves
are suspended in organic solvents. The mixture is then
irradiated with microwaves."”81 Another process makes use of a
supercritical fluid extraction method along with an absorption
system for extraction of green tea polyphenols.’”’ However, in
the abovementioned conventional methods organic solvents
such as methanol are extensively used. These solvents ensue
varying degrees of toxicity as a complete separation of these
solvents from the final is rather difficult. Even slight traces of
these solvents are capable of making the polyphenol powder
toxic.
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al effects of EGCG

However, a novel method was recently proposed which
involves a two-step aqueous extraction followed by
employment of microfiltration and ultrafiltration,
successively [Figure 2].

This method is having a lot of advantages over earlier
described methods including no use of any organic solvent,
thereby making it a green process, inexpensive nature
thereby making it easy to be scaled up and/or down, and
bulk extraction of EGCG on industrial scales with acceptable
purity.['”

REPORTED PHARMACOLOGICAL
ACTIVITIES

Antineoplastic

Tea has been consumed as a refreshing beverage since ages,
however, its health benefits have been extensively studied
recently. It has been proven to have a preventive action in a
number of diseases including cancer. Anti-cancer effects of
green tea polyphenol, EGCG, have been exhibited by several
pre-clinical and clinical studies. The antitumor effects (-)
EGCG were discovered from various cancerous cell lines,
animal models, and clinical studies.!'''3] Several studies have
demonstrated that (-) EGCG plays a pivotal role in prevention
of the proliferation of cervical cancer linked with induction
of apoptosis and inhibition of telomerase, respectively.!'+1¢!
Several in vitro studies have reported that pure (-) EGCG led
to inhibition the growth of oral squamous carcinoma cells
and oral epithelial cells. (-) EGCG was also found to halt the
growth rate along with arrest of G -M phase in lung cancer
cells, both in vitro and in vivo.l'’-2

(-) EGCG was also demonstrated to hinder the growth of
human hepatocellular carcinoma cells. Downregulation
of N-cadherin has also been exhibited by (-) EGCG along
with suppression of metastasis of bladder carcinoma cells.!
Pre-clinical studies have shown that (-) EGCG is capable of
inhibiting cell proliferation and inducing cellular death in a
wide range of cancer cells including head and neck tumor,
prostate cancer, lung cancer, mouse embryonic fibroblast cell
tumor, breast cancer, human epidermoid carcinoma, human
osteogenic sarcoma, laryngeal squamous carcinoma cells,
renal cell carcinoma, nasopharyngeal carcinoma, intestinal
tumor, gastric carcinoma, colorectal cancer, hypopharyngeal
carcinoma, and pancreatic cancer cells. Various studies have
reported that (-) EGCG potently induces apoptosis and arrest
of cell cycle in tumor cells but not in their physiological
counterparts.??!

In HIV Infection

EGCG has been reported to have an inhibitory action on
replication of HIV-1 before its fusion into the DNA of the
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Figure 2: The green method for extraction of epigallocatechin gallate from green tea leaves

host cell. It does so through several proposed mechanisms.
However, the specific targets of EGCG are still undefined.
The experiments have demonstrated that EGCG was capable
to suppress infection caused by HIV-1 and HIV-2, in HIV
infected cell lines. Apparently, EGCG acts mainly as an
allosteric inhibitor of reverse transcriptase enzyme. It has
been proposed that EGCG does so by mechanisms which
are different from the currently marketed non-nucleoside
reverse transcriptase inhibitors (NNRTIs) that interact
directly with the NNRTI binding site on the enzyme.
Therefore, EGCG has been viewed as a good candidate for
use as an additional anti-HIV agent obtained from natural
resources.>

In Hypertension and Associated Complications

The plant-derived catechin EGCG leads to endothelium-
dependent vasorelaxation by activating endothelial
nitric oxide synthase, naturally in endothelial cells by
augmenting its protein phosphorylation.”* A study
reported that the acute actions of EGCG in stimulation
of generation of nitric oxide from endothelial cells
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uses PI 3-kinase-dependent pathways. It may partially
explain the beneficial effects of EGCG in simultaneously
improving cardiovascular and metabolic pathophysiology
in spontaneously hypertensive rats.’’) There have been
observations made regarding the therapeutic efficacy of
EGCG in treatment of hypertension-induced cognitive
impairment, probably through its strong antioxidative
potential.?]

In Type-Il Diabetes Mellitus

A study has shown that EGCG alters glucose and lipid
metabolism in a beneficial manner while significantly
enhancing glucose tolerability in diabetic rodents. EGCG
has been reported to be involved in downregulation of
genes involved in synthesis of fatty acids, triacylglycerol,
cholesterol, and gluconeogenesis. Expression of glucokinase
mRNA was upregulated in a dose-dependent manner in the
liver of db/db mice. Dietary supplementation with EGCG can
provide a potential contribution to nutritional interventions to
prevent and treat type-1I diabetes mellitus.”




As Cardioprotective

Oxidative stress is a major causative factor that forms a
link between increased levels of plasma cholesterol with
atherogenesis and therefore with myocardial infarction.
Hypercholesterolemia leads to production of free radicals in
large amounts, thereby increasing mitochondrial respiration
and lowering the antioxidant levels. A study reported that
EGCG markedly halted the development of abnormalities in
tissues, thereby improving the morphology of myocardium.
It also revealed that EGCG plays a major role in guarding
the cardiovascular system against the diet rich in fats. As
per the study, the cardioprotective effect of EGCG was
shown by the improvements in the plasma lipid profile,
lipid metabolism, antioxidant system, and morphology of
myocardial fiber.®

As Hepatoprotective

As per a study, histological analyses of liver samples
exhibited reduced accumulation of lipids in hepatocytes in
EGCG treated mice as compared to mice without EGCG
treatment, both groups fed with fat rich diet. It also proved that
prolonged treatment with EGCG decreased the development
of obesity, symptoms of the metabolic syndrome, and fatty
liver.””! Another study indicated that the reactive species of
oxygen and nitrogen generated from mitochondria plays key
pathogenetic role in the promotion of liver inflammation and
fibrosis. EGCG has been shown to be beneficial in reduction
of haptic inflammation and fibrosis.*”

As Nephroprotective

A group of researchers studied the protective impacts
of (-) EGCG in diabetic nephropathy using mice. There
was an elevation in levels of plasma glucose, creatinine,
urea nitrogen in blood, and protein amounts in urine with
decreased overall body weight of the diseased animals.
Remarkable reversal of the abovementioned parameters with
EGCG treatment was observed.’!" Another study suggested
that EGCG exerts a protective effect on rats with obstructive
nephropathy by suppression of oxidative stress influenced
by free radicals.?

In Alzheimer’s Disease

Alzheimer’s disease is characterized by aggregation of
amyloid beta (AB) plaques in the brain.*3! These plaques
induce a dysfunction in the mitochondria which leads
to progression of the disease.’ EGCG was identified
as a mitochondrial restorative compound based on an
in vitro study. It was later subjected to in vivo study for
the determination of its beneficial effect on mitochondrial
function in brain of a double mutant transgenic mouse
model (APPP/PS-1) of Alzheimer’s disease. EGCG
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treatment corrected the rates of mitochondrial respiration,
matrix metalloproteinases, ROS production, and ATP
levels by 50-85% in mitochondria obtained from the
hippocampus, cortex, and striatum.**) Another study
reported that EGCG promoted the non-amyloidogenic
pathway dependent of alpha secretase for cleavage of
amyloid precursor protein (APP) in TgAPP_ transgenic
mice overproducing AB.B¢

In Parkinson’s Disease

Parkinson’s disease is a motor neurodegenerative disorder
characterized by degeneration of substantia nigra pars
compacta which involves oxidative stress, aggregation of
a-synuclein, dysregulation of redox metal homeostasis,
and neurotoxicity.’”? A study reported that EGCG binds to
a-synuclein by hydrophobic interactions in an unstable
manner. It was implied that EGCG could potently remodel
the aggregates of a-synuclein, thereby acting as a potential
disease modifying agent for the treatment of Parkinson’s
disease and other a-synuclein-related disorders.>®

In Osteoporosis

Osteoporosis is a degenerative disease of bones featuring loss
in bone mass and deterioration of microarchitecture of bone
tissue which leads to fragile bones. This, in turn increases the
susceptibility to fractures, particularly in the wrist, hip, and
spine.*’ A study reported EGCG to have a strong stimulatory
effect on mesenchymal stem cells derived from human bone
marrow progressing toward the osteogenic lineage, as marked
by an elevated alkaline phosphatase activity, the upregulation
in expression of genes involved in osteogenesis and the
formation of bone-like nodules. Further research suggested
that EGCG directs osteogenic differentiation through the
upregulation of Runt-related transcription factor2 in a
continuous manner.% Another study reported that EGCG was
able to augment osteogenesis along with other osteoinductive
agents through increased expression of bone morphogenetic
protein 2. In addition, EGCG was reported to have a positive
effect on cell growth, suggesting its safety as a therapeutic
agent.[*!]

PHARMACOKINETIC AND TOXICITY
PROFILE OF EGCG

Pharmacokinetics

As per the study, after administration of a single dose of
green tea orally (20 mg solids/kg) or pure EGCG (2 mg/kg)
to eight human subjects, the pharmacokinetic parameters of
EGCG were reported to be as follows Table 1.1




Table 1: The pharmacokinetic parameters of EGCG
in human subjects

Parameter Value

C, o 77.9+22.2 ng/mL
AUC 508.2+27

T 1.3-1.6h

t 3.4+0.3h

12
EGCG: Epigallocatechin gallate

Toxicity

Acute dermal toxicity

Topical application was reported to cause a little irritation in
guinea pigs and rats but not in rabbits.

Acute oral toxicity

A single oral dose of 2000 mg/kg EGCG was reported to be
lethal in rats. However, a dose of 200 mg/kg EGCG ensued
no toxicity.

Short-term oral toxicity

The dietary administration of EGCG to rats for 13 weeks
was not shown to be toxic at daily doses up to 500 mg/kg.
Similarly, no harmful effects were noted when EGCG was
administered in a daily dose of 500 mg/kg to pre-fed dogs
in divided doses. Morbidity was observed on this dose
when it was administered as a single-bolus dose to dogs
that were fasted before the dosing. However, this model
was not considered as a realistic comparison to the human
condition.™!

SUMMARY

EGCQG, a polyphenol, is a potent antioxidant obtained from
green tea leaves. It has been studied for its beneficial effects
in several disorders, diseases, and pathological conditions.
It is a safe compound for consumption as it did not show
any significant toxicity on normal doses. EGCG has
shown promising results in the therapy of various diseases
and disorders such as cancers, fatty liver disease, HIV
infection, hypertension, type-II diabetes mellitus, obesity,
and neurodegenerative diseases (Alzheimer’s disease
and Parkinson’s disease), and osteoporosis. Over time,
many researchers have laid out schemes for the extraction
of EGCG from green tea leaves, but all those methods
involved the use of organic solvents. Recently, a novel
method has been proposed which uses only water for the
extraction of the compound and is thereby considered as
a green method. Some recent studies have revealed novel
actions of EGCG, such as interaction with proteins and
phospholipids in the plasma membrane. It thereby regulates
various cellular processes, such as DNA methylation, signal
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transduction, mitochondrial function, transcription factors,
and autophagy.
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