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Chapter

Tea Is an Elixer of Life

Tamilselvan Hema, Mathan Ramesh, Selvaraj Miltonprabu
and Shanmugam Thangapandiyan

Abstract

Green tea is a commonly consumed beverage in the world and it is a rich source
of polyphenolic compounds, which are known as the tea flavonoids. Polyphenolic
compounds are effective against oxidative damage in various pathological condi-
tions. Many herbal medicines are used in traditional medicine for their protec-
tive and therapeutic properties against various diseases. Among their bioactive
components, tea catechins have been found to be active against all kind of diseases
including cancer. Extensive report is available that green tea displays a wide range
of healthy properties, such as antioxidative, anti-inflammatory, anti-apoptotic
and chemopreventors against reactive oxygen and nitrogen species. This review
aims to critically analyze the available literature regarding the effects of green
tea or tea catechins with special emphasis on its phytoremediation against vari-
ous health disorders elicited by different chemical compounds. Overall, data in
literature show tea catechins appear to be a promising elixir to recover the illness
of human beings.
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1. Introduction

Tea is the second most frequently consumed daily beverage in the world [1].
The tea plant, Camellia sinensis, is a member of Theaceae family, and is produced
from its leaves. It is an evergreen shrub or tree [2]. The origins of tea drinking
date back to 2737 BC [3]. It is legendarily attributed to the Chinese emperor Shen
Nung, the divine cultivator who also apparently invented agriculture and herbal
medicine [4]. Since tea is important to human life, a vast number of researchers
have investigated the function of tea. It has been found that tea has beneficial
effect on both physical health and cognition [5-7]. All tea is produced from the
leaves of Camellia sinensis, but differences in processing result in different types of
tea. In the processing of green tea, fresh tea leaves are steamed or heated imme-
diately after harvest, resulting in minimal oxidation of the naturally occurring
polyphenols in the tea leaves. On the other hand, in the processing of black tea, the
tea leaves are dried and crushed upon harvesting to encourage oxidation, which
converts indigenous tea polyphenols (primarily catechins and gallatecatechins)
to other polyphenols (mainly theaflavins and thearubigins). Finally, partially
oxidized tea leaves yield oolong tea [8]. Among all of these, however, the most
significant effects on human health have been observed with the consumption of
green tea [9].
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2. Bioactive components of green tea

Tea, from a biological standpoint, is a mixture of larger number of bioactive
compounds including catechins flavonols, lignans, and phenolic acids. A typical cup
of green tea, brewed with 2.5 g of dry leaves in 250 ml of hot water (called a 1% tea
infusion), contains 620-880 mg water extractable materials, of which 30-40% are
catechins and 3-6% caffeine [10]. The high-performance liquid chromatography data,
green tea leaves (Figure 1, Camellia sinensis) contain 26% fibers, 15% protein, 2-7%
lipids, and 5% vitamins and minerals. They also contain secondary metabolites such
as pigments (1-2%), polyphenols (30-40%), of which at least 80% are flavonoids
and methylxanthines (3-4%) [8, 9]. Catechins polyphenols are believed to be the
most important active component in green tea (GT). They are secondary metabolites
possessing antioxidant activity, which is 20 times higher than that of vitamin C [11].
Green tea extract are marketed and generally used for weight reduction and mainte-
nance of homeostasis, however their use carries a risk of hepatotoxicity [12, 13].

The characteristic polyphenolic compounds in green tea known as catechins.
Tea catechins were first isolated by Michiyo Tsujimura in 1929 in Japan [14], which
include (—)-epigallocatechin-3-gallate (EGCG), (—)-epigallocatechin (EGC),
(—)-epicatechin-3-gallate (ECG), and (—)-epicatechin (EC). Tea leaves also contain
lower quantities of other polyphenols such as quercetin, kaempferol and myricetin
as well as alkaloids such as caffeine and theobromine. A typical brewed green tea
beverage (e.g. 2.5 g of tea in 250 ml of hot water) contains 240-320 mg of catechins
of which 60-65% EGCG and 20-40 mg of caffeine [15] Figure 2; tea polyphenolic
compounds (catechins).

2.1 Pharmacological properties of tea

The tea possesses diverse pharmacological properties (Figure 3) which include
anti-oxidative, anti-inflammatory, anti-mutagenic, anti-carcinogenic, anti-angio-
genic, apoptotic, anti-obesity, hypocholesterolemic, anti-arterisclerotic, anti-
diabetic, anti-bacterial, anti-viral and anti-aging effect [16-28]. The prevention
of disease by tea consumption, many studies have demonstrated beneficial effects
of tea and catechins in the prevention of cancer and cardiovascular disorders. The
green tea is a potent anti-oxidant with anti-oxidative activity greater than vitamins
C and E [29]. Tea catechins are strong antioxidants, which scavenge free radicals,

Figure 1.
Tea leaves (Camellia sinensis). Sources from: https://wwuw.istockphoto.com
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Figure 2.
Green tea polyphenolic compounds. Sources from: https://avs.els-cdn.com.
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Figure 3.
Pharmacological properties of tea catechins.

and prevent the formation of reactive oxygen species (ROS) by chelating metal ions
[30]. Tea also enhances the expression of intracellular antioxidants such as gluta-
thione, glutathione reductase, glutathione peroxidase, glutathione-S-transferase,
catalase and quinone reductase [31].

3. Tea is an elixir of life
3.1Role of green tea in Alzheimer disease (AD)

Alzheimer disease (AD) is a progressive neurodegenerative disorders that repre-
sent the most common cause of dementia worldwide. The Alzheimer’s Association
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estimates that 5.4 million Americans will be affected by Alzheimer disease in 2016 [32].
AD was identified over 100 years ago by Alois Alzheimer and was later termed by Emil
Kraepelin and his coworkers as ‘Alzheimer’ Disease” [33]. AD is currently recognized
as the most common cause of dementia (60-80%) [32] and a major cause of death [34].
Recently Helen et al. [35] reported that administration of green to AD-induced rats
showed green tea prevent impairments in object and social recognition memories, oxi-
dative stress in the hippocampus of AD-like rats. Similarly, Choi et al. [36] stated that
green tea has higher concentration of total catechins, with the highest neuroprotective
capacity in the hippocampus and potential to inhibit AB-induced neural death and

AD. Table 1 shows the amelioration green tea in various diseases with different animal
models. Figure 4 depicts the normal and Alzheimer-affected brain structure.

3.2 Role of green tea in cancer

Cancer is a group of diseases involving abnormal cell growth with the potential
to invade or spread to other parts of the body [37]. It is one of the major ailment

S.no.

Experimental
animals

Level of green tea

Biomarkers

References

Old male
Wister rat

Green, red, black tea

(each 13.33 mg/kg) for
stereotaxic surgeries for
intrahippocampal injection
of 2 ul AP (25-35).

Avoid short-term memory
deficits, long-term
memory deficits &

social recognition
memory deficits, control
behavioral tasks, avoid the
1 of ROS& TBAR levels,
inhibit Ap-induced neural
death.

[35, 36]

42 patients
oral cancer

500, 750, or 1000 mg/m” of
green tea extract per day or
placebo orally

Disappearance of all
lesions (or) greater | in
the sum of products of
after measured lesions.
Against the progression

of precancerous lesions in
the oral cavity. Against the
formation of oral cancer in
humans.

[41]

Male Sprague-
Dawley rats
(170-200 g
body weight)

GTE—1.5% w/v
Pb acetate—0.4% (oral
administration)

Reduced tissue Pb burden,
reducing the tissue injury
of liver cells, reducing
hepatic fat content, 1
hepatic energy status

& functioning as an
anti-oxidants.

[52, 53]

Mature male
albino rats

Pb acetate — 100 mg kg
body weight
GT—5 g/l (stomach tube)

Higher activation of
antioxidant enzymes,
improvement in the
antioxidant status,

1 viability& | lipid
peroxidation, strong
scavengers against
superoxide, hydrogen
peroxide, hydroxyl

radicals & nitric oxide.

[54, 55]

Table 1.

The ameliovation of various diseases with green tea in diffevent animal models.
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Figure 4.
Shows the normal and Alzheimer affected brain. Source from: https://scialert.net.com.

effecting humankind and remains as one of the leading causes of mortality
worldwide, for instance, above 10 million new patients are diagnosed with cancer
every year and over 6 million deaths are associated with it representing roughly
12% worldwide death [38]. One third of the human cancers is caused by dietary
habits and manipulation of the diet is recognized as the potential strategy against
this disease [39]. Chemotherapy has emerged as a practical approach to reducing
cancer incidence and therefore the mortality and morbidity with side effects. The
use of tea, as a chemopreventive agent has been appreciated in the last 20 years.
The first epidemiological report indicating an association between tea consump-
tion in human cancers was published in 1966 [40]. Tsao et al. [41] reported that
green tea administration (receive 500, 750, or 1000 mg/m” of green tea extract per
day or placebo orally) to 42 patients who were affected by oral cancer. The efficacy
was determined by the disappearance of all lesions (a complete response) or 50%
or greater decrease in the sum of products diameters of all measured lesions (a
partial response). At 12 weeks after the initiation of the treatment, 39 patients
who completed the trial were evaluated; 14 (50%) of the 28 patients in the three
combined green tea extract arms had a favorable response whereas only 2 (18.2%)
of the 11 patients in the placebo arm showed the similar response (P for the dif-
ference = 0.09). Table 2 shows the chemotherapeutic efficacy of green tea against
various cancers in different animals and in vitro models.

3.3 Role of green tea in heavy metal-induced organ toxicity

Heavy metals are chemical elements with a specific gravity at least 5 times that
of water. They are the major pollutant found in the environment has a molecular
mass > 5.0 g/cm3 [42]. Several heavy metals, such as Fe, Mn, Zn, Cu, Co, or Mo are
essential for growth of organisms. The specific gravity of water is 1 at 4°C (39°F).
Specific gravity is measure of density of a given amount of a solid substance when it
is compared to an equal amount of water.

3.3.1 Hepatoprotection

Liver is one of the important organs for heavy metal toxicity. Juberg et al. [43]
reported the lead (Pb)-induced hepatic damages. Pb is ubiquitously found in
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S. Experimental Level of green tea Biomarkers References
no. animals/model
1. 42 patients oral 500, 750, or Disappearance of all lesions [41]
cancer. 1000 mg/m” of (or) greater | in the sum of
green tea extract products of after measured
per day or placebo lesions. 1 Against the
orally. progression of pre-cancerous
lesions in the oral cavity.
Protects against the formation
of oral cancer in humans.
2. MDA-MB-231 Green tea 81 fold increase in cytotoxicity [56, 37]
human breast (EGCG-solid lipid of EGCG against MDA-MB-231.
cancers. nanoparticles) at 1 EGCG loaded solid lipid
the concentration of nanoparticles to improve the
50 pg/mL. stability and anticancer activity
Treated with different of EGCG.1
time points 0, 4, 8, 24,
48and 96 h.
3. Lung and fore Oral intubation at In the fore stomach [57, 39]
stomach cancer adose of 5mg in tumorigenesis protocol,
in mouse model. 0.2 ml water 30 min GTP (green tea polyphenol)
prior to challenge afforded 71 and 66%
with carcinogen. protection against, respectively
DEN- and BP-induced tumor
multiplicity. In the case of lung
tumorigenesis protocol, the
protective effects of GTP were
41 and 39%, respectively.|
4, Colon and Effect of tea, or tea Foci of aberrant crypts in the [58, 39]
mammary gland and milk, instead of colon were decreased, after

cancer in rat.

drinking water.
Solutions of 1.25%
(w/v) black tea, or
1.85% (v/v) milk in
tea were prepared
three times per week.

9 weeks, in the groups on tea,
or teaand milk during AOM
administration |, but not after
AOM.

Thus, tea decreases mammary
tumor induction, and the
production of foci of aberrant
crypts in the colon. Milk
potentiates these inhibiting
effects.|

Table 2.

The chemotherapeutic efficacy of green tea against various cancers in different models.

environmental and industrial pollutant that has been detected in nearly all phases
of environment and biological system (including liver, kidney, heart and etc.,).

It was observed that Pb affected liver were significantly higher fatty changes,
hydropic degeneration and necrosis of the hepatocytes, were observed as compared
to control group. Ingestion of Pb is one of the primary causes of its hepatotoxic
effects. The treatment with epigallocatechin gallate, the major flavonoid component
of green tea, by oral administration significantly protects the liver after ischemia/
reperfusion, possibly by reducing hepatic fat content, increasing hepatic energy sta-
tus, and functioning as an antioxidant. Similarly, Thangapandiyan and Miltonprabu
[44] also reported the hepatic damage by fluoride (FI) in rat liver. Pre-treatment
with EGCG significantly abrogates all the liver damages by F1 and brought the
hepatic cells into normal levels. These two results showed the efficacy of EGCG
against various heavy metal-induced toxicity in liver.
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3.3.2 Cardioprotection

Exposure to arsenic through contaminated groundwater is widespread in
certain regions of many countries including Bangladesh, India, and China [45].
Arsenic is a potent cardiovascular toxicant; epidemiological evidence has linked
arsenic exposure to ischemic heart disease, cerebrovascular disease, athero-
sclerosis, and hypertension in exposed human populations. Recently Sun et al.
[46] reported with green tea catechins epigallocatechin gallate (EGCG) against
Arsenic (Ar)-induced cardiomyopathy in Sprague-Dawley rats. He observed that
EGCG fully reversed the Ar-induced morphological changes in the myocardium
including necrosis, intracellular edema, myofibrillar derangements, swollen and
damaged mitochondria, and wavy degeneration of muscle fibers. Miltonprabu
and Thangapandiyan [47] also reported with EGCG significantly reduced fluoride
(FI) accumulation in the hearts of experimental rats and significantly inhibited
Fl-induced elevations in the activities of the enzymes CK-MB, and LDL, VLDL
in heart tissue. These observations with Green tea catechins against heavy metal-
induced cardiotoxicity were proved with its well known antioxidant capacity.

3.3.3 Nephroprotection

Chronic kidney disease (CKD) is affecting the health of more and more people
worldwide. The main feature at the end stage of CKD is the accumulation of
endogenous uremic toxins. Abdel Moneim et al. [48] reported the deleterious
effect of lead (Pb) in rat renal cells with increased lipid peroxides, urea, uric acid
and bilirubin. Abnormally high level of lead in human body fluids can result in det-
rimental effects on the renal, nervous, gastrointestinal and reproductive systems.
Administration of green tea extract to lead intoxicated rats showed significant
recovery of all the elevated levels of kidney markers as evidenced from histological
study. Similarly, Thangapandiyan and Miltonprabu [49] also proved the ameliora-
tive potential of EGCG against fluoride (FI)-induced nephrotoxicity in rats.

3.3.4 Neuroprotection

El-Missiry et al. [50], reported the protective efficacy of green tea polyphenol
EGCG against radiation-induced hippocampal damage in rat. He observed the
result after the radiation with increased plasma levels of homocysteine, amyloid ,
TNF-a and IL-6 levels and the decrease of dopamine and serotonin. Pretreatment
with EGCG about 2.5 and 5 mg/kg BW significantly protected the hippocampus of
rat as compared to control. Several studies have demonstrated that green tea com-
ponents protect the neurons against various chemical compounds. Thangapandiyan
et al. [51] also proved the antioxidant efficacy of EGCG against fluoride (F1)-
induced hippocampal dysfunction in rats. Tea catechins are strong scavengers
against superoxide, hydrogen peroxide, hydroxyl radicals and nitric oxide produced
by various chemicals in brain. They also could chelate the metals toxicity because of
the presence of catechol structure.

4, Conclusions
Nowadays, tea is considered as a source of dietary constituents endowed with

biological and pharmacological activities with potential benefits to human health.
The health properties of tea extract and its scientific investigation is preventing
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several diseases in human life. The green tea extract and their components are par-
tially efficacious in protection and preventing disturbances of antioxidant defense
system in the biological systems. These beneficial effect of green tea can result from
inhibition of free radical chain reactions generated during oxidative stress caused
by xenobiotics from an increase in antioxidant capacity. Further studies are war-
ranted to prove the potent antioxidant ability of tea catechins against various health
issues without side effects.

Acknowledgements
Dr. S. Thangapandiyan is the sole author for this review article and would like to

greatly acknowledge the Professor and Head, Department of Zoology, Bharathiar
University, for providing all the facilities and supports in the toxicology lab.

Conflict of interest

The authors declared that there is “no conflict of interest.”

Abbreviations

GT green tea

GTE green tea extracts

EGCG epigallocatechin gallate
ROS reactive oxygen species
AD Alzheimer disease

Pb lead

SOD super oxide dismutase
GST glutathione-S-transferase
TAS total antioxidant stress
Ap amyloid

GSH reduced glutathione

CNS central nervous system
ROS reactive oxygen species
F1 fluoride

WHO World Health Organization
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