g 2 REVIEW ARTICLE
< P ] JOURNAL OF CURRENT TRENDS IN CLINICAL MEDICINE & LABORATORY BIOCHEMISTRY
S

A Review of Green Tea- Health benefits and Effects
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ABSTRACT

Tea 1s one of the most widely consumed beverages in the world, second only to water, and its medicinal properties have
been widely explored. Green tea 1s capable of improving hyperlipidaemia and the impaired kidney functions.

Green Tea Benefits: Consumption of green tea provides a protection against stroke, liver disease, bacterial infection,
cancer, viral infection and lowers the risk of osteoporosis. Green tea catechin was reported to have a protective effect on
mammalian hepatic cells, leading to its therapeutic use for hepatitis. World wide studies conducted thus far present mixed
evidences with regard to the effects of green tea on oxidation. Some studies conclude that green tea catechins have both in
vitro and 1n vivo antioxidant activities while others show no antioxidant benefit in vivo. In particular, EC and EGC are the
1somers contributing to the regulation of lipoprotein oxidation. Much has been written elsewhere about the value of green
tea (Camellia sinensis) from a health perspective. To begin with, the active principles in green tea are its catechins and
caffeine. Research has demonstrated that green tea 1s capable of stimulating thermogenesis and promoting fat oxidation;
m other words, it helps burn body fat. Research and a history of traditional use lend support to green tea’s potential as

weight loss botanicals.

KEY worbs: Green Tea, Cancer, Viral infection, Atherosclerosis, Antioxidant, Thyroid gland, Obesity.

Introduction focus of some studies during recent years.
The term green tea refers to the product
manufactured from fresh leaf of the tea
plant, Camelliasinensis[3]. Green tea is an
excellent source of water-soluble polyphenol
antioxidants. In particular, green tea leaves are
very rich in flavonoids, which are a group of
polyphenols present in vegetables, fruits and
beverages such as tea and wine [4]. During
manufacturing of green tea, the oxidation of
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Aside from water, tea is the most consumed
beverage in the world [1,2]. In particular, green
tea is consumed primarily in Japan, China, and
some parts of the Middle East, North Africa,
and North America. The benefits arising from
drinking green tea have therefore, been the
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for its benefcial effects in the treatment and
prevention of human diseases. Green tea
extracts contain a number of components
including catechins, saponins and flavonoids
and it has been demonstrated that catechins
can reduce cellular oxidation, blood glucose
level and cholesterol absorption. Therefore,
it has been expected that an intake of green
tea extract will prevent or delay the onset
of diseases such as cardiovascular diseases,
diabetes and cancer. Flavonoids are known to
be effective in removing individual oxygen
and free radicals from the lipid peroxidation
step. Polysaccharides of green tea have
also been reported to have hypoglycemic
activities. Great advanced studies have been
made to reveal the hypoglycemic effect of tea
polysaccharides.

Tea is one of the most widely consumed
beverages in the world, second only to water,
and its medicinal properties have been widely
explored.The tea plant, Camellia sinensis, is
a member of the Theaceae family, and black,
oolong, and green tea are produced from its
leaves. Tea, particularlygreen tea, isanimportant
source of flavonoids, namely catechins, which
are strong antioxidants. Among cathechins,
epigallocatechingallate is the more powerful
antioxidant invitro and it is the most abundant
polyphenol in green tea[5]. It has been reported
that green tea polyphenols increase insulin
activity in diabetic rats. Intestinal glucose
uptake is mainly accomplished by the sodium-
dependent glucose transporter, which was
markedly inhibited by green tea polyphenols,
thus decreasing the intestinal absorption
of glucose which leads to hyperglycemia.
In the present study, diabetic rats showed
constant fasting hyperglycemia throughout
the study and the administration of green tea
extract to diabetic rats reduced the elevation
of blood glucose, some studies found that
the green tea reduced blood glucose level in

both type 1 and type 2 of diabetic rat models.
The antihyperglycemic effect of green tea
constituents was ascribed to the activities of
basal insulin, inhibition of intestinal glucose
transporter and decrease the expression of genes
that control gluconeogenesis. Some studies
have shown that catechins can inhibit digestive
enzymes such as salivary amylase, intestinal
sucrase and o-glucosidase, suggesting that
the reduced digestibility action of catechins
may be responsible for lowering blood glucose
levels. In diabetic rats, these mechanisms may
be responsible for the anti-hyperglycemic
effect of green tea. It has been reported that
the insulin-like action of polyphenols is
involved in the mechanism by which green
tea decreases the blood glucose level. Alloxan
produces oxygen radicals in the body, which
cause pancreatic injury which is responsible
for increased blood glucose seen in the diabetic
rats indicated that diabetes induced by alloxan
was reversed by simultaneous administration
of green tea polyphenol. The consumption of
green tea produced a significant reduction in
glucose level of diabetic rats. Also green tea
is capable of improving hyperlipidaemia and
the impaired kidney functions. In addition,
the pretreatment of rats with green tea for
6 weeks before induced diabetes is effective
in controlling the hyperglycemia and
hyperlipidaemia.

General Information

The Green tea is obtained from the tea plant
Camellia sinensis belongs to the family
Theaceae. Tea is the most consumed drink
in the world after water. Green tea is a ‘non-
termented’ teaand contains more catechins than
black tea or oolong tea. Catechins are invitro
and invivo strong antioxidants. In addition,
its content of certain minerals and vitamins
increases the antioxidant potential of this type
of tea. Presently, it is cultivated in atleast 30
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countries around the world. Tea beverage is
an infusion of the dried leaves of Camellia
sinesis. It is a widely used medicinal plant by
the trials throughout India, China and popular
in various indigenous system of medicine like
Ayurveda, Unani and Homoeopathy. Green
tea has been consumed throughout the ages in
India, China, Japan and Thailand.

Scientific Classification
Kingdom: Plantae

Order Ericales
Family Theaceae
Genus Camellia
Species C. sinensis

Binomial name :Camellia sinensis(L.)
Kuntze.

Common Names

India : Chha contributed by
polyphenols. Other

compounds are

Cha alkaloids (caffeine,
theophylline and

theobromine), amino

China

Russia Chai acids, carbohydrates,

proteins, chlorophyll, volatile

Africa Itye organic compounds
(chemicals that readily

produce

Italy : Te vapors and contribute to
the odor of tea), fluoride

England : Tea plant aluminum,
minerals and trace elements.
Polyphenols United State

There is good evidence that green tea
catechins have a role in the protection against
degenerative diseases.[4] Tea drinking, by
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providing antioxidants, may become valuable
in several chronic diseases known as oxidative
stress conditions[6], such as the cardiovascular
diseases (CVD)[7-8]. These pathologies are
one of the major causes of mortality and
morbidity in the western world[9]. The search
for new factors leading to a decrease in the
prevalenceof CVD and other oxidative stress
diseases becomes,therefore, valuable.

Mechanisms of Action

The anticarcinogenic properties of green tea
polyphenols, mainly EGCG, are likely aresult of
inhibition of tumor initiation and promotion,
induction of apoptosis, and inhibition of cell
eplication rates, thus retarding the growth and
development of neoplasms[10-11]. Green tea
polyphenols antioxidant potential is directly
related to the combination of aromatic rings
and hydroxyl groups that make up their
structure, and is a result of binding and
neutralization of free radicals by the hydroxyl
groups. In addition, green tea polyphenols
stimulate the activity of hepatic detoxification
enzymes, thereby promoting detoxification of
xenobiotic compounds and are also capable
of chelating metal ions, such as iron, that can
generate radical oxygen species[12-13].

Green tea polyphenols inhibit the production
of arachidonic acid metabolites such as
pro-inflammatory ~ prostaglandins  and
leukotrienes,resulting  in  a  decreased
inflammatory response. Human and animal
studies have demonstrated EGCG’s ability to
block inflammatory responses to ultraviolet
A and B radiation, as well as significantly
inhibiting neutrophil migration that occurs
during the inflammatory process[14-16].
Research on green tea’s thermogenic properties
indicates a synergistic interaction between its
caffeine content and catechin polyphenols
that can result in prolonged stimulation
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of thermogenesis. Studies have also shown
green tea extracts are capable of reducing fat
digestion by inhibiting the activity of certain
digestive enzymes[17-18]. Although the exact
mechanism is unknown, green tea catechins
have been shown significantly to raise the
levels of Lactobacilli and Bifidobacteria
while decreasing levels of numerous potential
pathogens[19]. Studies have also demonstrated
green tea’s antibacterial properties against a
variety of gram-positive and gram-negative
species[ZO].

Discussion

Regarding the effect of green tea on lipid
profile are controversial because of the
difference in the dose and duration of these
studies. The lipid profiles in normal groups
also did not alter following the intervention.
The possible mechanisms by which green tea
extract can exert cholesterol lowering effect are
reducing the absorption of dietary and biliary

cholesterol and promoting its fecal excretion.
Antioxidant Applications

Many chronic disease states and inflammatory
conditions are a result of oxidative stress and
subsequent generation of free radicals. Some
of these include heart disease (resulting from
LDL oxidation), renal disease and failure,
several types of cancer, skin exposure damage
caused by ultraviolet (A and B) rays, as well
as diseases associated with aging, Green tea
polyphenols are potent free radical scavengers
due to the hydroxyl groups in their chemical
structure.

The hydroxyl groups form complexes with
free radicals and neutralize them, preventing
the progression of the disease process.

It has been attributed to green tea drinking
a decrease in lipid peroxidation, in free
radical generation, in LDL-oxidation and

in the development of oxidative stress [21-
24]. However, conflicting results have been
reported about the antioxidant activity of
green tea consumption, in what concerns
the effect on plasma lipid profile and plasma
lipid peroxidation[25-28]. The controversial
reported data is probably confounded by
dietary and lifestyle habits, by the way tea is
consumed, in a regular way or not, and by the
way tea is prepared and the concentration and
volume of green tea consumption. Therefore,
further studies are warranted to clarify the
value of green tea drinking Tea polyphenols
may act as antioxidants by scavenging reactive
oxygen and nitrogen species and by chelating
redox-active transition metal ions, and may
also act indirectly as antioxidants through,
among other mechanisms, the inhibition of
“pro-oxidant” enzymes and induction of
antioxidant enzymes[29]. The antioxidant
properties of flavonoids may therefore, protect
tissues,cells and plasma constituents against
oxidative damage[30-31].

Presenting a limited biosynthesis capacity and
poor repair mechanisms, the circulating red
blood cells (RBC) suffers and accumulates
physical and chemical changes, which become
more pronounced with cell age or with cell
damage occurring whenever an unusual
physical or chemical stress develops[32-33].
The removal of senescent or damaged
RBCs seems to involve the development
of a senescent neoantigen on the plasma
membrane surface[34]. This neoantigen is
immunologically related to band 3, a RBC
transmembrane protein[35]. Modifications in
this protein by proteolytic cleavage, clustering
or exposure of unusual epitopes, triggers the
binding of specific anti-band 3 autoantibodies
and complement activation, marking the cell

for death[36].
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The degradation of the RBC metabolism and
of the antioxidant defences, in senescent or
damaged RBC by favouring the development
of oxidative stress, allows haemoglobin
oxidation and its linkage to band 3,
promoting the aggregation of band 3 protein
and the binding of natural anti-band 3 auto
antibodies[37]. Previous studies performed
in several oxidative stress conditions, namely
in myocardial infarction, in ischemic stroke,
in high competition physical exercise, in
pregnancy, and in psoriasis, showed that the
evaluation of membrane bound haemoglobin
(MBH) and of the band 3 profile may provide
good markers of erythrocyte ageing or
damage[38-41].

Lipid peroxidation is a well-established
mechanism of cellular injury and has been
used as an indicator of oxidative stress.
Measurement of MDA and 4-HNE, both
products of lipid peroxidation,were also used
in the present study as that kind of markers.
The antioxidant activity and the effect of
green tea drinking upon oxidative stress have
been widely studied[25-28]. These studies
suggest that the changes in antioxidant
capacity and in oxidative stress are related
to differences in the studied population,
namely in dietary and lifestyle habits, and/
or in the experimental protocols. The several
reported ways for preparation of tea, in what
concerns the temperature, time of infusion
and concentration, besides the time period
of green tea consumption, may explain the
controversial data. Previous data suggest
for green tea drinking a beneficial effect, by
reducing the development or the enhancement
of oxidative stress and, therefore, protecting
the individual for oxidative stress diseases.
The value of regular green tea consumption
and the way it should be prepared to reach a
healthy effect.
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LDL Oxidation

In vitro the abilities of green tea extract and
its three major components to inhibit lipid
oxidation in low-density lipoprotein (LDL)
catalyzed by copper. Experiments performed
by few studies shown that green tea intake by
rats in studies significantly prolongs the lag
phase during the invitro oxidation of LDL.
The lag phase is a very sensitive indicator of
resistance LDL to invitro oxidation [42]. The
longer the lag phase, the more resistance the
substance is to oxidation. The observations
that green tea intake significantly increases
the lag time suggest that the polyphenolic
compounds such as certain catechins may
also be transported in lipoproteins and inhibit
their oxidation. On the other hand, the rate of
conjugated diene formation (another indicator
of lipoprotein oxidation) is only slightly
slower with ingestion of green tea compared
to the control diet (vitamin E deficient). In
addition, green tea diet does not significantly
decrease lipid peroxide values. The formation
of thiobarbituric reactive substances (TBARS)
is a nonspecific measure of oxidative damage
to lipoproteins. Green tea diet shows a slightly
lower TBARS value than the control group.
An invivo study shows that green tea is a
powerful inhibitor of plasma lipid peroxides
and LDL oxidizability. It is found to be an
invivo antioxidant in both the normal and
cholesterol-fed groups. As expected, the
cholesterol feeding produced an increase in
plasma lipid peroxides and LDL oxidizability;
the latter as shown by the decrease in lag time
and the increased maximal oxidation rate.
Green tea significantly lengthened the lag
phase in both the normal and cholesterol-fed
groups. When compared to black tea, green
tea is significantly better. Green tea increased
the lag time 71% in normal animals and
63% in animals with high cholesterol. Infact,
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the green tea increased the lag time of the
cholesterol-fed animals to the extent that it
was not significantly different from the control
group. In addition, the maximal oxidation rate
in the high cholesterol-fed animals, but not
the normal group, is decreased significantly
by green tea. There is evidence that green
tea polyphenols bind to LDL when spiked
in plasma. This incorporation, subsequent to
tea polyphenol absorption into the plasma,
would explains increase in lag time after
consumption. Green tea also protects human
LDL from oxidative modification [43].

Conflicting evidences also exist and should
be taken into consideration. One study
demonstrates that green tea consumption
has a potent antioxidant activity on LDL
oxidation invitro, but found no effect invivo
[44]. In another study performed on humans,
evidence shows that consumption of 6 cups
of green tea per day did not affect resistance
of LDL to oxidation, or markers of oxidative
damage to lipids invivo, but slightly increased
total antioxidant activity of plasma[45]. The
invitro experiment shows that resistance of
isolated LDL to oxidation increased only after
incubation of plasma with very high amounts
of green tea. These amounts, when converted
to tea catechin concentrations, were much
higher than those expected invivo.

Atherosclerotic Plaque Formation

Green tea reduces the maximum rate of
LDL oxidation,Green tea antioxidants may
accumulate in the arterial wall and lower LDL
oxidation in the arterial wall by increasing
cellular antioxidant status or by inhibiting
activities of oxidizing enzymes. Another factor
mediating LDL oxidation in the arterial wall is
the presence of free metal ions, and there is
evidence that flavonoids are strong chelators
of free metal ions [46].

P6 Volume 1, Issue 3, October-December 2013

Green Tea Benefits

Consumption of green tea provides aprotection
against stroke [47], liver disease [48], bacterial
infection [49-50], cancer [51], viral infection
[52-53] and lowers the risk of osteoporosis
[54-55]. Green tea catechin was reported to
have a protective effect on mammalian hepatic
cells, leading to its therapeutic use for hepatitis
[56-57]. The catechin incorporated in cell
membranes was shown to prevent or reduce the
morphological and biochemical alterations of
hepatocytes induced by hepatotoxicity agents
[58-59]. Tsuchiya [60] suggested that the
reduction in membrane fluidity is responsible
for the anti-plaque and hepatoprotective
effects of green tea catechins.

Anticancer effects of green tea

Worldwide interest in green tea as a cancer
preventive agent for humans has increased,
because it is non-toxic and it is effective in
wide range of organs. Consumption of green
tea is a practical and effective cancer preventive
both before cancer onset and after cancer
treatment [61]. Several researches indicate that
polyphenolic antioxidants present in green
and black tea can reduce risk in a variety of
animal tumor bioassay systems [61-62]. The
consumption of tea and its polyphenolic
constituents affords protection against chemical
carcinogen or ultraviolet radiation-induced skin
cancer in the mouse model. Tea consumption
also affords protection against cancers induced
by chemical carcinogens that involve the lung,
fore stomach, esophagus, duodenum, pancreas,
liver, breast, colon, and skin in mice, rats, and
hamsters. Recent studies have indicated that
green tea and its polyphenolic constituents
impart inhibitory effects on the activities of
many enzymic, metabolic, and signaling
pathways that have relevance to cancer
development and progression [63-67].
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Effect of green tea on blood
pressure

Hodgson et al. [68] concluded that tea
ingestion caused larger acute increases in
blood pressure than caffeine alone. However,
any acute effects of tea on blood pressure did
not translate into significant alterations in
ambulatory blood pressure during regular tea
consumption.

Effect of green tea on thyroid
glands

The green tea extract catechins was confirmed
to have antithyroid and aromatase inhibition
effeces [69], that is obvious when 5%
polyphenone-60 (P-60), green tea extract
catechins, was administered to male rats for 2-8
weeks induced goiters and decreased weights
of the body. Endocrinologically, elevating
plasma thyroid stimulating hormone (TSH),
luteinizing hormone (LH) and testosterone
levels and decreasing tri-iodothyronine (T3)
and thyroxine (T4) levels were induced by
this treatment. It was also found that P-60 as
a whole and some of its constituents exhibited
inhibitory ~effects on human placental
aromatase activity [69].

Effect of green tea on brain

Hong etal. [70] suggested that the minimizing
effect of green tea extract on the eicosanoid
accumulation and oxidative damage in
addition to the reduction of neuronal cell
death could eventually result in protective
effect on ischemia/reperfusion-induced brain
injury and behaviour deficit [71-72].

Obesity and Weight Loss

Green tea extract standardized to 8.35%
caffeine and 24.7% catechins has been
shown to stimulate brown adipose tissue
invivo, with thermogenesis greater than the
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effect the caffeine content accounts for long
term ingestion of tea catechins stopped the
accumulation of body fat in mice with high
fat diet induced obesity, possibly due to
the activation of hepatic lipid metabolism.
Human studies suggest that green tea may
contribute to a reduction in the risk of
cardiovascular disease and some forms of
cancer, as well as to the promotion of oral
health and other physiological functions
such as antihypertensive effect, body weight
control, antibacterial and antivirasic activity,
bone mineral density increase, antifibrotic
properties and europrotective power. Increasing
interest in its health benefits has led to
the inclusion of green tea in the group of
beverages with functional properties. Other
traditional uses of green tea include treating
flatulence (gas), regulating body temperature
and blood sugar, promoting digestion and
improving mental processes. As an herbal
remedy, green tea is often recommended to
ease stomach discomfort,vomiting and to
stop diarrhea. The antibacterial action of tea is
useful in treating infections and wounds. The
research interest based on tea components may
provide an approach to decrease the incidence
of and mortality from various diseases. Overall
tea is an affordable beverage of natural origin
compared to modern beverages such as soft

drinks.

Recent studies on green tea’s thermogenic
properties have demonstrated a synergistic
interaction between caffeine and catechin
polyphenols  that appears to prolong
sympathetic stimulation of thermogenesis. A
human study of green tea extract containing 90
mg EGCG taken three times daily concluded
that men taking the extract burned 266 more
calories per day than did those in the placebo
group and that green tea extract’s thermogenic
effects may play a role in controlling obesity.
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Green tea polyphenols have also been shown
to markedly inhibit digestive lipases invitro,
resulting in decreased lipolysis of triglycerides,
which may translate to reduced fat digestion
in humans.

Other Applications

Sickle cell anemia is characterized by a
population of “dense cells” that may trigger
vasoocclusion and the painful sickle cell
“crisis.” Ultraviolet A radiation is highly
effective shown to substantially increase the
risk for developing squamous cell carcinoma
and melanoma.

Side Effects

Green tea is generally considered a safe, non-
toxic beverage and consumption is usually
without side effects. The average cup of green
tea contains from 10-50 mg of caffeine, and
over-consumption may cause irritability,
insomnia, nervousness, and tachycardia.

Conclusion

Tea is the most popular drink after water.
Green tea has been consumed everyday by
millions of people around the world since
ancient times in order to maintain and
improve health. Most modern medicines used
to treat cancer have serious side effects, high
costs, and other associated risks. Green tea, on
the other hand, is safe and widely available
as a beverage and a nutritional supplement.
While no single food item can be expected to
provide a significant effect on public health,
it is important to note that a modest effect
between a dietary component and a disease
having a major impact on the most prevalent
causes of morbidity and mortality, i.e., cancer
and heart disease, should merit substantial
attention. This being said, it should also be
stated that long-term successful weight loss has
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only been proven to occur with an ongoing
program of dietary modification and exercise.
Worldwide studies conducted thus far present
mixed evidences with regard to the effects of
green tea on oxidation. Some studies conclude
that green tea catechins have both invitro and
invivo antioxidant activities while others show
no antioxidant benefit invivo. In particular,
EC and EGC are the isomers contributing
to the regulation of lipoprotein oxidation.
Much has been written elsewhere about the
value of green tea (Camellia sinensis) from a
health perspective. To begin with, the active
principles in green tea are its catechins and
caffeine. Research has demonstrated that green
tea is capable of stimulating thermogenesis
and promoting fat oxidation; in other words, it
helps burn body fat. Research and/or a history
of traditional use lend support to green tea’s
potential as weight loss botanicals.
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