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Abstract

Medicinal plants are gaining popularity as folk medicine due to future demand
to get rid of synthetic health promoting medicines. Nowadays, black tea is gaining
interest as the most frequently consumed therapeutic drink after the water. The
importance of black tea is due to existence of flavonoids such as (Thearubigins
(TRs) and theaflavins (TFs) and catechins) that are the main therapeutic agents
and are more bio-direct and stable compounds compared to those exist in other
herbal plants alongside some other promising compounds which enhance is cre-
dentials as therapeutic drug. Numerous scientific explorations have elucidated
the biological worth of these bioactive moieties against plethora of ailments with
special reference to metabolic disorder. The mandate of current chapter is to discuss
the black tea chemistry for elucidating its pharmacological worth.
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1. Chemical illustration of black tea

Black tea is manufactured by the fermentation of green tea involving two steps;
oxidation and polymerization [1, 2]. The oxidation involves enzymatic catalysis of
polyphenol while the polymerization, involves a nucleophilic addition and further
oxidized by oxygen or hydrogen peroxide, Black tea polyphenols consist of 2-6%
theaflavins, 12-18% thearubigins, 5-10% catechins, 6-9%flavonols, 10-12% phenolic
acids, 12-14% proteins, 8-12% methylxanthines, 15-20% fiber, 2-5% alkaloids [3].

1.1 Theaflavins

Theaflavin is an important antioxidant and metal chelating polyphenol present
in black tea due to the presence of hydroxy groups and gallic acid moiety [3]. The
structures of theaflavins possess benzotropolone nucleus that are formed through the
co-oxidation of selected catechin pairs, one with a vic-trihydroxyphenyl structure,
and the other with an ortho-dihydroxyphenyl moiety [4, 5]. Theaflavins including
theaflavin, theaflavin-3-gallate, theaflavin-3-gallate, and theaflavin-3,3-digallate,
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consist of benzotropolone rings with dihydroxy or trihydroxy substitution groups [6].
Theoretically, there are eight or more theaflavins that can be produced proportionally.

1.2 Thearubigins

Black tea leaf catechin are oxidized to ortho-quinones that further react with water,
a nucleophile resulting in the formation of oxygenated catechins that will further
reacts with other catechins. In order to replace all the aromatic hydrogen by oxygen
to create 90 different compounds of catechin diamers, the oxygenation of catechin is
repeated several times. Further oxidation of highly oxygenated black tea polyphenol to
form quinine and quinine-methide type derivates is done that in equilibrium with its
counterpart are present within the black tea. To study the formation of chromatographi-
cally resolvable and unresolvable thearubigin like substance many experiments use an
in vitro enzymatic model fermentation system that involves reverse phase HPLC [7-13].
Formation of TR’s from catechin. Chromatographically resolved TR’s are produced by
polyphenoloxidase while peroxidase produce unresolved TR’s [10]. Oxidation and reac-
tion of two gallocatechinsi.e. epigallocatechins and epigallocatechingallate are shown to
produce TR’s [14]. Recent studies have also demonstrated the production of TR’s through
oxidation of TF’s in the presence of H,0, with the help of tea peroxidase [13, 15].

1.3 Flavonols

Flavonoids are polyphenolic compounds that are biologically active [16].
Flavonoids are widely distributed in plants and are common component of our diet
[17]. Flavonoids are divided into 6 subclasses; one of which is flavonols. Flavonols
such as quercetin, kaempferol, myricitin, and their glycosides are found in black
tea, and these possess a 4-oxo 3-hydroxy C ring. 2-3% of the water-soluble extract
solids of tea consist of flavonol glycosides. Due to poor water solubility, the flavonol
aglycones are not found in significant amounts in tea. Chemically, flavonols are
aglycons with 3-hydroxyflavone backbone [3].

Kaempferol is a yellow colored flavonol with a low molecular weight and high
boiling point [3, 27]. These are used in herbal medicines and are commonly found
plant foods like broccoli, brussel sprout, grapefruit etc. [3, 27]. Kaempferol consist
of a diphenylpropane structure [27] Human dietary intake of kaempferol is esti-
mated to be 10 mg/day [18-20].

Myricetin (3,5,7,3,4,5 -hexahydroxyflavone, cannabiscetin) is a natural flavonol
from fruits, vegetables, tea, berries, red wine and medical plants [21]. Myricetin
consumption is higher than any other flavonol and its dietary intake ranges
0.98-1.1 mg per day [22]. It has a unique chemical structure. The antioxidant
property of myricetin is enhanced by the presence of hydroxyl group at 3, 5 position
and continuous hydroxyl groups at position 3, 4 and 5 but it’s negative factor of
hydrophobicity decreases due to attachment of 6 hydroxyl group [23, 24]. Myricetin
tend to show antioxidative and cytoprotective effects. It also has anti-carcinogenic
actions and anti-viral properties but recent studies have demonstrated its use as a
hypoglycemic component of plant sources [25-30].

2. Health endorsing benefits of black tea with special emphasis
on mechanism targets
2.1 Cancer

One of the leading causes of human mortality worldwide is cancer. Black tea has
been proven to have anti-carcinogenic effect and is helpful in protecting against

2



Black Tea: Chemical and Pharmacological Appraisal
DOI: http://dx.doi.org/10.5772/intechopen.90114

cancer. It has been observed that women who tend to consume black tea daily have
lower concentration of 17f-estradiol (E2) thus reducing the risk of hormone related
disease [31] Regular black tea consumption is also very effective in reducing the risk
of ovarian and bladder cancer in women [32-34]. Theaflavin in black tea is found
to suppress Akt signaling, inhibiting Wnt/f-catenin signaling, cyclin D1 level and
enhancing the FOXO1 and p27 level in human leukemic U937 and K562 cells thus
helping to seize the cell in GO/G1 phase [35]. Breast cancer cells contain tumor sup-
pressor gene p53 that is inactivated and therefore cause drug resistance in them. TF1
is found to cause apoptosis by inducing Fas death receptor/caspase-8 pathway and
suppressing the pAkt/pBad survival pathway in these cells [36]. TF1 is also effective
in suppressing the gene and protein expression of metalloproteinases (MMP)-2 in
human melanoma cell line by reducing the epidermal growth factor receptor
(EGFR) and inhibiting the NF-«B signaling pathways [37]. TF2 found in black tea
are capable of activating apoptosis signaling that is imparted by the mitochondria
in human colon cancer cell [38]. If combined with ascorbic acid, TF3 is actively
involved in seizing human lung adenocarcinoma cells in GO/G1 phase [39].

Cancer initiation stage is greatly influenced by oncogene mutation and
ROS. Oncogene mutation causes the activation of phase I enzymes such as cyto-
chrome P450 that leads to the activation of procarcinogen while ROS is involved
in the metabolic activation of procarcinogen. EGCG prevents the activation of
cytochrome P450 thus suppressing the cancer initiation stage. Several studies
indicate the importance of EGCG in protecting cell against the cancer activity.
The galloyl or hydroxyl groups in the EGCG molecule is responsible for inhibitory
effect on the microsomal enzyme system [40]. The strong ROS-scavenging effect of
ECGC proves that it is a powerful antioxidants which further validated by its ability
to bind with transition metal ion. This is due to presence of pyrogallol structure
in its molecule that has a strong metal chelating effect [41-43]. In another study it
was observed that EGCG inhibited the activity of NF-kB /p65 component of the
NF-kB complex during apoptosis [44]. Irregular expression of CO-X and iNOS
is one of the reasons of carcinogenesis in the cells. It is observed that EGCG by
manipulating the activity of NF-kB suppressed the activation of CO-X and iNOS
[45]. Hence it is concluded that EGCG exhibits its anti-cancer properties by aiming
inhibition of NF-kB and its components. AP-1 is an important contributing factor
in carcinogenesis especially during the tumor promotion stage. Don et al. observed
the EGCG can suppress transcription activity mediated by AP-1 by inhibiting the
JNK dependent pathway [46]. Cell cycle modulation is also an important factor in
inducing carcinogenesis.

2.2 Hyperglycemia

Diabetes is a chronic disease that occurs due to insulin absence or insufficient
insulin production by pancreatic beta-cells (Type 1 diabetes) or alternatively, the
inability of the body to effectively use insulin (Type 2 diabetes). Tea is one of the
world’s most widely consumed beverage. Black tea polyphenols (catechins) have
strong antioxidant activities. In a recent study, the protective effect of tea catechins
(Epigallocatechingallate(EGCG), Epigallocatechin (EGC), Epicatechingallate
(ECG) and Epicatechin (EC)) on the indicators of oxidative stress (malondialde-
hyde, reduced glutathione and membrane -SH group) in Type 2 diabetic erythro-
cytes was evaluated. Normal and Type 2 diabetic erythrocytes were incubated with
tert-butyl hydroperoxide (t-BHP). Diabetic erythrocytes have higher MDA, reduced
GSH and membrane -SH group as compared to the normal erythrocytes. It was seen
that tea catechins protected against t-BHP induced oxidative stress [47].

Glucose transporters (GLUTs) are important in controlling blood glucose
concentrations. Black tea polyphenols improve translocation of GLUTs in skeletal
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muscles where GLUTs uptake glucose and reduce postprandial hyperglycemia
[48]. In the skeletal muscles, glucose uptake and glycogen synthesis is promoted
by insulin. But, glucose uptake and glycogen synthesis abnormalities occurs in
diabetes leading to hyperglycemia and other complications [48]. Black tea poly-
phenols translocate GLUTs in L6 myotubes through phosphatidylinositol 3-kinase
(P13k) and AMPK dependent pathways. Theaflavins promote glucose uptake
(Figure1).

In a recent randomized, double-blind, placebo-controlled crossover study, the
effect of black tea consumption on postprandial glucose elevations and insulin
response was tested. A sample population consisting of 24 subjects (male and
female aged 20-60 years, normal and pre-diabetic) consumed low dose sucrose
diet (110 mg black tea polymerized polyphenols) and high dose black tea (220 mg
BTPP) or a placebo drink (0 mg BTPP). Blood samples were taken at intervals of
0, 30, 60, 90 and 120 min. Results indicated a significant decrease in postprandial
blood glucose elevations in low dose and high dose of BTPP after sucrose consump-
tion as compared to placebo and prediabetic individuals [49]. Leptin has a role
in the regulation of body weight. Increased level of leptin resulted in the insulin
resistance and led to hyperinsulinemia [50]. Adiponectin regulate plasma glucose
concentrations and also involved in fatty acid breakdown. Black tea polyphenols
decreased leptin level by 75% and adiponectin level by 50% [51].

Glucose uptake in the intestinal epithelial cells is performed by SGLT1
and GLUT 2 and 5. Black tea components Epicatechin gallate (ECg) and
Epigallocatechin gallate (EGCg) inhibits the activity of SGLT1 and GLUT 2 and
5 and contributed to blood glucose homeostasis. In an in vitro study, a 15-fold
increase in insulin activity was examined by black tea polyphenols (theaflavins,
thearubigins, EGCG and catechins). The possible mechanism for enhanced insulin
secretion is stimulation of enteroinsular axis (EIA) in pancreas and increased
activity of GIP and GLP-1 factors. Tea polyphenols also enhance glucose uptake
by myocytes and glucose binding to adipocytes increasing the activity of glucose
transporter in the myocytes [52].

Glucose absorption
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k uptake
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Mechanistic routes associated with tea as glycemic management drug.
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2.3 Hyperlipidemia and hypercholesteremia related complication

Cholesterol is one of the necessary compounds that is carried in the blood
around the body. Black tea is a functional beverage that can tackle oxidative stress
related disorders like hypercholesterolemia, obesity, diabetes and cancer owing
to the presence of polyphenols in it. Bioactive components of black tea, especially
theaflavins, thearubigins, theasinensin and catechins provide protection against
plenty of oxidative stress related diseases. Theaflavins and thearubigins have singlet
oxygen quenching ability and protect against oxidative stress [53]. LDL oxidation
can lead to atherosclerosis and other related complications. Black tea polyphenols
prevent LDL oxidation due to their antioxidant activity, free radical scavenging
activity and chelating properties [53, 54]. Black tea flavonoids may act as chain-
breaking antioxidants, resulting in the scavenging of some radical species [55].
Some flavonoids can chelate divalent metal-ions such as transition metals copper
and iron, preventing free radical formation [55]. These polyphenols also stimulate
antioxidant enzymes like glutathione-S-transferase and catalase that helps to
maintain antioxidant levels in the body [56]. In the liver, tea polyphenols increase
fat oxidation by increasing adipocyte differentiation and fatty acid uptake in the
adipose tissues [57]. In a recent study, 5% black tea polyphenol extract (BTPE)
consumption lead to an increase in fecal triglyceride level in mice given high-fat
diet. This indicated the inhibitory effect of BTPE on lipid absorption [58].

The cholesterol absorption in the body occurs in different steps including forma-
tion of emulsions, hydrolysis of ester bond, micellar solubilization, esterification
and chylomicron mediated transport into the lumen [53, 59]. TSA and TRs also have
cholesterol metabolism effects. TSA reduces hepatic cholesterol concentration. This
is due the increased fecal steroid excretion, which diminishes the amount of cho-
lesterol returned to liver via entero-hepatic circulatory system. On the other hand,
it has been found that TSA inhibits squalene epioxidase, a rate-limiting enzyme of
cholesterol synthesis in rats (Abe et al., 2000). It inhibits biogenesis of cholesterol
in liver [60]. TRs also plays role in hepatic cholesterol reduction. They increase fecal
bile acid excretion that results in the decrease in micellar solubilization of choles-
terol. This leads to decreases cholesterol absorption and hence decreased cholesterol
levels in the liver [60].

Fatty acid synthase (FAS) is a key enzyme that catalyzes palmitate synthesis
from acetyl CoA, malonyl-CoA and NADPH into long-chain saturated fatty acids.
In humans it is encoded by FASN gene. FAS action may be suppressed by the
downregulation of EGF-receptor/P13K/Akt/sp-1 signal transduction pathway. This
leads to the inhibition of cellular lipogenesis and tissue growth. Epidermal growth
factor receptor (EGFR) is a transmembrane protein that is a member for Epidermal
growth factor family (EGF) of extracellular protein ligands. Black tea polyphenols
EGCG and TF-3 inhibit EGF binding to EGFR, inhibiting the activation of P13K/
Akt signal pathway and blocks the binding of sp-1 to its target site resulting in the
downregulation of FAS gene [61, 62].

Adiponectin is protein hormone and it is present in the circulation. It is encoded
by ADIPOQ gene and produced by adipose tissues. Its function is to regulate glucose
levels as well as fatty acid breakdown. Plasma adiponectin level reduces in type 2
diabetes and coronary artery diseases [55]. Studies have shown that LDL particle
size is significantly reduced in CAD patients. LDL particle size less than 25.5 nm
is known as small dense LDL [63]. Increased levels of small dense LDL lead to
increased oxidation, decreased bonding to LDL receptors and increased binding to
arterial walls. Tea polyphenols influences LDL, HDL, TC, TGs and glucose levels in
CAD patients. Tea polyphenols are found to increase adiponectin levels in plasma
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and also LDL particle size by increasing fat metabolism, oxidation and energy
consumption [63]. They increase coronary flow in CAD patients.

Black tea polyphenols also play role in the suppression of hepatic cholesterol
synthesis [64]. Cholesterol synthesis starts with acetyl-CoA, which synthesizes
Hydroxymethylglutaryl-CoA (HMG-CoA). HMG-CoA reductase, the third enzyme
in the pathway, reduces HMG-CoA to mevalonate. AMP-kinase is involved in the
phosphorylation- mediated HMG-CoA reductase inactivation. A recent study
showed that black tea extracts act both directly and indirectly to decrease HMG-
CoA reductase activity and increases AMP-kinase levels in the cells, resulting in
the suppression of cholesterol synthesis. 100 pg/ml of black tea extract resulted in
78% decrease in cholesterol synthesis [64, 65]. AMPK is the key enzyme involved
in cellular energy homeostasis. AMPK phosphorylates acetyl-CoA carboxylase 1
(ACC1) or sterol regulatory element-binding protein 1c (SREBP 1c), it inhibits
synthesis of fatty acids, cholesterol, triglycerides and activates fatty acid uptake and
p-oxidation. Theaflavins inhibits ACC1 by stimulating AMPK through LKB1 and
reactive oxygen species pathways [66].

2.4 Obesity

Obesity is a medical condition associated with the accumulation of excess of
triglycerides in the body that has adverse health effects. WHO defines obesity as
body mass index (BMI) equal to or greater than 30 kg/m”. Theaflavins and EGCG
are FAS inhibitors and they reduce food intake and body weight and triglyceride
blood levels [67]. Theaflavin suppresses visceral fat accumulation and inhibits
high-fat diet induced body weight gain in mouse model [68]. The results of tissue
dissection indicated that perirenal fat, peri gluteal fat, total fat mass, mesenteric fat,
epididymal fat and periscapular fat were significantly reduced by theaflavins [68].
Black tea polyphenols and polysaccharides promotes fat breakdown and prevents
obesity [69].

A recent research showed the effect of tea catechins on high fat diet-induced obe-
sity in model mice (C57BL/6) [70]. Daily intake of black tea (500-600 mg) reduced
body weight and body fat (especially abdominal fat) in overweight or obese subjects.
The underlying mechanism for anti-obesity effects of tea catechins suggested was
that the tea catechins activate -oxidation of fatty acid in the liver [70, 71]. PPAR« is
expressed in the liver and muscles and it is a regulator of lipid metabolism. PPARy
is present in muscles and adipocytes and it stimulates lipid uptake and lipogenesis
by adipose tissues. PPARa transcriptionally regulates lipid metabolizing enzymes,
including Acetyl-CoA and Acyl-CoA dehydrogenase. Tea catechins (EGCG) inhibits
the activation of nuclear transcription factor Kb (NF-kB), thus preventing NF-kB
from inhibiting PPAR« to regulate lipid metabolizing enzymes and increasing fatty
acid oxidation. EGCG also inhibits the adipogenic transcription factor PPARy that
leads to weight reduction [70, 72-75].

Excess lipids stored in adipocytes results in obesity due to an increase in size and
number of adipocytes. Theaflavins have been reported to inhibit the differentia-
tion and proliferation of preadipocytes by down-regulating the gene expression of
adipose differentiation-related protein (ADRP). Theaflavins exhibit an inhibitory
effect in the differentiation of mesenchymal stem cell into adipocytes [76] Figure 2.

Theaflavins suppresses the intestinal cholesterol absorption and micelle formation
by inhibiting the incorporation of cholesterol in mixed micelles (Vemeer, Mulder and
Molhuizen., 2008). Black tea extract causes malabsorption of ingested carbohydrates
by 25% thus, reducing the caloric availability [77]. Alpha-amylase gene expression
in liver and serum were found higher in obese patients [78]. Black tea theaflavins are
inhibitors of a-amylase and are beneficial in weight control [77, 79].
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Mechanistic route associated with tea as weight management drug.

2.5 Oxidative stress

Loss of balance between the production of reactive oxygen species (free radi-
cals) and antioxidant defense, resulting in tissue injury is known as Oxidative stress
[80]. Free radicals are produced as result of splitting of water forming hydroxyl
ion which may occur as response to electromagnetic radiations. The presence of
unpaired electrons is the reason of instability of free radical consequently making
them more reactive. Radical molecules react with non- radical molecule resulting
in free radical chain reaction. Lipid peroxidation is an important demonstration of
such reactions.

The antioxidative properties of polyphenols in black tea are exhibited by their
abilities to inhibit free radical generation, scavenge free radicals and chelate transi-
tion metal ions, mainly Fe and Cu. Inhibition of enzymes involved in free radical
generation is the key mechanism in preventing their production.

Inflammatory process is a response induced by any injurious stimulant in
the form of various toxic agents such as infections, antibodies or physical injury.
Inflammation is a normal protective response to tissue injury. Inhibition of NF-B is
the key mechanism in promoting anti-inflammatory effect in black tea [81]. NF-B
has an important role in inflammation as it is a transcription factor that can induce
transcription of pro inflammatory genes. Delayed onset muscle soreness (DOMS)
is common in athlete after they are indulged in high intensity exercise. The muscle
damage triggers inflammatory and oxidative responses that may worsen muscle
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injury and extend the time to regeneration [82]. In a human trial study involving
healthy athlete that were indulged in high intensity anaerobic exercise and made to
consume black tea. It was found that TF2-enriched black tea extract significantly
reduced DOMS, increased glutathione (GSH)/oxidized glutathione (GSSG) ratio
and performance [82]. Hence this study provides evidence about the anti-inflam-
matory action of black tea polyphenols that is achieved by the activation of Nrf2,
which attenuates the NF-kB mediated inflammatory response [83].

2.6 Cardiovascular diseases

CVD’s are the leading cause of death worldwide, that include coronary heart
disease, stroke, Rheumatic heart disease and cardiomyopathy [84]. It is observed
that inflammation is associated with progression or development of CHD. Chronic
inflammation is an important factor in atherogenesis: inflammation of the vessel
wall, activation of the vascular endothelium, increased adhesion of mononuclear
cells to the injured endothelial layer, and their subsequent extravasation into the
vessel wall, are initial events in this process. Therefore any reduction in markers
that mediate the inflammatory process was assessed as suggestive finding that
flavanoid reduces inflammation. Catechins are responsible for the inhibition of
neutrophil adhesion and migration through endothelial layer. ECGC act on the
neutrophils and are involved in the suppression of chemokines production at the
site of inflammation [85]. The influence of EGCG on adhesion molecule expression
has been studied. High sensitive C-reactive protein that is a major contributor in
development of CVD is an inflammatory marker [86]. High relative risk is defined
as >3.0 mg/L, average relative risk as 1.0-3.0 mg/L.

Smooth muscle cell proliferate and migrate leading to development and progres-
sion of atherosclerosis and may even cause restenosis after interventional vascular
procedures [87, 88]. Tea catechin play an important role in suppressing SMC pro-
liferation and migration [89-91]. Hence it can be deduced from the above studies
that black tea consumption tends to exhibit anti-inflammatory effects reducing the
development of cardiovascular disease.

It is proven that events leading to ischemic cardiovascular condition involve
platelet aggregation and therefore anti-platelet agents are used to reduce the risk
of cardiovascular diseases. Epidemiological studies show that tea is beneficial
in reducing the platelet activation [92]. Duffy and colleagues also observed
that consumption of black tea had no effect on ex vivo platelet aggregation in
patients with coronary artery disease [93]. From the above observations it can be
concluded that studies in in-vitro platelet activation show positive anti-platelet
effect whereas no effect in seen in ex-vitro platelet aggregation. Platelet inhibi-
tory effects support the observed relations between tea consumption and reduced
cardiovascular risk.

3. Conclusion

The promising ethno medicinal health benefits of black tea and proven cher-
ished herbal therapy contribute toward beneficial effects regarding health related
maladies. It could be advisable to encourage its regular consumption exhibits
maximum magnitude of health effects, however, still mechanism behind several of
these properties in different species are not entirely known. This opens future doors
for the scientist to more debate on these demanding areas to find and document
responsible biomarkers and molecular markers which are responsible for a vast
array of black tea benefits.



Black Tea: Chemical and Pharmacological Appraisal
DOI: http://dx.doi.org/10.5772/intechopen.9o114

Author details

Ali Imran™, Muhammad Umair Arshad', Ghulam Hussain?, Rabia Shabir Ahmed,
Muhammad Haseeb Ahmad®, Bilal Rasool’, Muhammad Imran?, Qasim Ali*,

Jazia Naseem®, Darosham Sohail’, Sara Ishtiaql, Neelam Faiza', Usman Naeem!,

Muhammad Asif Khan® and Muhammad Shahbaz’

1 Institute of Home and Food Sciences, Government College University, Faisalabad,
Pakistan

2 Department of Physiology, Government College University, Faisalabad, Pakistan
3 Department of Nutrition and Dietetics, University of Lahore, Pakistan

4 Department of Botany, Government College University, Faisalabad, Pakistan

5 University of Agriculture Faisalabad Sub Campus Burewala, Vehari, Pakistan

6 Department of Food Science and Technology, MNSUA, Multan, Pakistan

7 Department of Zoology, Faculty of Life Sciences, Government College University,
Faisalabad, Pakistan

*Address all correspondence to: dr.aliimran@gcuf.edu.pk;
aliimran.ft@gmail.com

IntechOpen

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.



Tea - Chemistry and Pharmacology

References

[1] LiS, Lo C-Y, Pan M-H, Lai C-S,
Ho C-T. Black tea: Chemical analysis
and stability. Food & Function.
2013;4(1):10-18

[2] Matsuo Y, Tanaka T, Kouno I.
Tetrahedron Letters. 2009;50:1348-1351

[3] Butt MS, Imran A, Sharif MK,
Ahmad RS, Xiao H, Imran M, et al.
Black tea polyphenols: Health endorsing
perspectives - a mechanistic appraisal.

Critical Reviews in Food Science and
Nutrition. 2014;54(8):1002-1011

[4] Imran A, Butt MS, Xiao H, Imran M,
Rauf A, Mubarak MS, et al. Inhibitory
effect of black tea (Camellia sinensis)
theaflavins and thearubigins against
HCT 116 colon cancer cells and HT

460 lung cancer cells. Journal of Food
Biochemistry. 2019;43(5):€12822

[5] Menet MC, Sang S, Yang CS, Ho CT,
Rosen RT. Analysis of theaflavins and
thearubigins from black tea extract by
MALDI-TOF mass spectrometry. Journal
of Agricultural and Food Chemistry.
2004;52(9):2455-2461

[6] Geissman TA. Chemistry of
FlaVonoid Compounds. Oxford, UK:
Pergamon Press; 1962. pp. 468-512

[7] Frei B, Higdon JV. Antioxidant
activity of tea polyphenols

in vivo: Evidence from animal
studies. The Journal of Nutrition.

2003;133(10):3275S-3284S

[8] Robertson A. Effects of catechin
concentration on the formation

of black tea polyphenols during
in-vitro oxidation. Phytochemistry.
1983;22(4):897-903

[9] Robertson A. Effects of physical
and chemical conditions on the

in-vitro oxidation of tea leaf catechins.
Phytochemistry. 1983;22(4):889-896

10

[10] Robertson A, Bendall DS.
Production and HPLC analysis of black
tea theaflavins and thearubigins during
in-vitro oxidation. Phytochemistry.

1983;22(4):883-887

[11] Finger A. In vitro studies on
the effect of polyphenol oxidase
and peroxidase on the formation of
polyphenolic black tea constituent.
Journal of the Science of Food and
Agriculture. 1994;66:293-305

[12] Opie SC, Clifford MN, Robertson A.
The formation of thearubigin-like
substances by in-vitro polyphenol
oxidasemediated fermentation of
individual flavan-3-ols. Journal of

the Science of Food and Agriculture.

1995;67:501-505

[13] Opie SC, Clifford MN, Robertson A.
The role of (—)- epicatechin and
polyphenol oxidase in the coupled
oxidative breakdown of theaflavins.

Journal of the Science of Food and
Agriculture. 1993;63:435-438

[14] Sang S, Tian S, Meng X, Stark RE,
Rosen RT, Yang CS, et al. Theadi-
benzotropolone a, a new pigment from
enzymatic oxidation of (—)-epicatechin
and (—)-epigallocatechin gallate and
characterized from black tea using
LC/MS/MS. Tetrahedron Letters.
2002;43:7129-7133

[15] Subramanian N, Venkatesh P,
Ganguli S, Sinkar VP. Role of
polyphenol oxidase and peroxidase in
the generation of black tea theaflavins.
Journal of Agricultural and Food
Chemistry. 1999;47:2571-2578

[16] Hertog MG, Hollman PC, Van
de Putte B. Content of potentially
anticarcinogenic flavonoids of tea
infusions, wines, and fruit juices.

Journal of Agricultural and Food
Chemistry, 1993;41(8):1242-1246



Black Tea: Chemical and Pharmacological Appraisal

DOI: http://dx.doi.org/10.5772/intechopen.90114

[17] Sanderson GW. The chemistry

of tea and tea manufacturing. In:
Runeckles VC, Tso TC, editors. Recent
Advances in Phytochemistry. Vol.

5. New York: Academic Press; 1972.
pp. 247-316

[18] Balentine DA, Wiseman SA,
Bouwens LC. The chemistry of tea
flavonoids Douglas. Critical Reviews
in Food Science and Nutrition.

1997;37(8):693-704

[19] Bhagwat S, Beecher GR,

Haytowitz DB, Holden JM, Dwyer ],
Peterson J, et al. Flavonoid Composition
of Tea: Comparison of Black and Green
Teas. USDA Agricultural Research
Service; 2003

[20] Calderén-Montafio JM, Burgos-
Morén E, Pérez-Guerrero C,
Lépez-Lazaro M. A review on the
dietary flavonoid. Mini Reviews in
Medicinal Chemistry. 2011;11(4):
298-344

[21] Azuma K, Ippoushi K, Terao J.
Evaluation of tolerable levels of dietary
quercetin for exerting its antioxidative
effect in high cholesterol-fed rats.

Food and Chemical Toxicology.
2010;48:1117-1122. DOI: 10.1016/j.
fct.2010.02.005

[22] Beecher GR. Overview of dietary
flavonoids: Nomenclature, occurrence

and intake. The Journal of Nutrition.
2003;10:3248S-3254S

[23] Harnly JM, Doherty RF,

Beecher GR, Holden JM, Haytowitz DB,
Bhagwat S, et al. Flavonoid content of
US fruits, vegetables, and nuts. Journal
of Agricultural and Food Chemistry.
2006;54:9966-9977

[24] Lin J, Zhang SM, Wu K, Willett WC,
Fuchs CS, Giovannucci E. Flavonoid
intake and colorectal cancer risk in

men and women. American Journal of
Epidemiology. 2006;164:644-651

11

[25] Kim DO, Lee CY. Comprehensive
study on vitamin C equivalent
antioxidant capacity (VCEAC) of
various polyphenolics in scavenging
a free radical and its structural
relationship. Critical Reviews

in Food Science and Nutrition.
2004;44:253-273

[26] Chen ZY, Chan PT, Ho KY, Fung KP,
Wang J. Antioxidant activity of natural
flavonoids is governed by number and
location of their aromatic hydroxyl
groups. Chemistry and Physics of
Lipids. 1996;79:157-163

[27] Mira L, Fernandez MT, Santos M,
Rocha R, Florencio MH, Jennings KR.
Interactions of flavonoids with iron
and copper ions; a mechanism for

their antioxidant activity. Free Radical
Research. 2002;36:1199-1208

[28] Kang NJ, Jung SK, Lee KW, Lee HJ.
Myricetin is a potent chemopreventive
phytochemical in skin carcinogenesis.
Annals of the New York Academy of
Sciences. 2011;1229:124-132

[29] Shimmyo Y, Kihara T, Akaike A,
Niidome T, Sugimoto H. Three distinct
neuroprotective functions of myricetin
against glutamate-induced neuronal cell
death; involvement of direct inhibition
of caspase-3. Journal of Neuroscience
Research. 2008;86:1836-1845

[30] Knekt P, Kumpulainen J, Jarvinen R,
Rissanen H, Heliovaara M,

Reunanen A, et al. Flavonoid intake

and risk of chronic diseases. The
American Journal of Clinical Nutrition.
2002;76:560-568

[31] Cushnie TP, Lamb AJ. Antimicrobial
activity of flavonoids. International

Journal of Antimicrobial Agents.
2005;26:343-356

[32] Gray AM, Flatt PR. Nature’s own
pharmacy; the diabetes perspective. The
Proceedings of the Nutrition Society.

1997;56:507-517



Tea - Chemistry and Pharmacology

[33] Kapiszewska M, Miskiewicz M,
Ellison PT, et al. High tea consumption
diminishes salivary 17beta-estradiol
concentration in polish women. British
Journal of Nutrition. 2006;95:989-995

[34] Nagle CM, Olsen CM, Bain CJ, et al.
Tea consumption and risk of ovarian
cancer. Cancer Causes and Control.
2010;21:1485-1491

[35] Roy P, Nigam N, George J,

et al. Induction of apoptosis by

tea polyphenols mediated through
mitochondrial cell death pathway in
mouse skin tumors. Cancer Biology and
Therapy. 2009;8:1281-1287

[36] SuLJ, Arab L. Tea consumption
and the reduced risk of colon cancer—
results from a national prospective
cohort study. Public Health Nutrition.
2002;5(3):419-425

[37] Roy P, George ], Srivastava S, et al.
Inhibitory effects of tea polyphenols
by targeting cyclooxygenase-2 through
regulation of nuclear factor kappa

B, Akt and p53 in rat mammary
tumors. Investigational New Drugs.
2011;29:225-231

[38] Tang N, Wu Y, Zhou B, Wang B,
YuR. Green tea, black tea consumption

and risk of lung cancer: A Meta-analysis.

Lung Cancer. 2009;65(3):274-283

[39] Chandra Mohan KV, Hara y,
Abraham SK, et al. Comparative
evaluation of the chemopreventive
efficacy of green and black tea
polyphenols in the hamster buccal
pouch carcinogenesis model. Clinical
Biochemistry. 2005;38:879-886

[40] Patel R, Ingle A, Maru GB.
Polymeric black tea polyphenols
inhibit 1,2-dimethylhydrazine induced
colorectal carcinogenesis by inhibiting
cell proliferation via Wnt/beta-catenin
pathway. Toxicology and Applied
Pharmacology. 2008;227:136-146

12

[41] Halder B, Das GS, Gomes A. Black
tea polyphenols induce human
leukemic cell cycle arrest by inhibiting
Akt signaling: Possible involvement

of Hsp90, Wnt/beta-catenin

signaling and FOXO1. FEBS Journal.
2012;279:2876-2891

[42] Sil H, Sen T, Moulik S, et al.

Black tea polyphenol (theaflavin)
downregulates MMP-2 in human
melanoma cell line A375 by involving
multiple regulatory molecules journal

of environmental pathology. Toxicology
and Oncology. 2010;29:55-68

[43] Gosslau A, En Jao DL, Huang MT,
et al. Effects of the black tea polyphenol
theaflavin-2 on apoptotic and
inflammatory pathways in vitro and

in vivo. Molecular Nutrition & Food

Research. 2011;55:198-208

[44] Liang YC, Chen YC, Lin YL, et al.
Suppression of extracellular signals
and cell proliferation by the black tea
polyphenol, theaflavin-3,3’-digallate.
Carcinogenesis. 1999;20:733-736

[45] LiW, Wu JX, Tu YY. Synergistic
effects of tea polyphenols and ascorbic
acid on human lung adenocarcinoma
SPC-A-1 cells. Journal of Zhejiang
University. Science. B. 2010;11:458-464

[46] Mukhtar H, Wang ZY, Katigan SK,
Agarwal R. Tea components: Anti-
mutagenic and antigagenic effects.
Preventive Medicine. 1992;21:351-360

[47] Okabe S, Suganuma M, Hayashi M,
Sueoka E, Komori A, Fujiki H.
Mechanisms of growth inhibition of
human lung cancer cell line, PC-9, by

tea polyphenols. Japanese Journal of
Cancer Research. 1997;88:639-643

[48] Gupta S, Hastak K, AfaqF,

Ahmad N, Mukhtar H. Essential role of
caspases in epigallocatechin-3-gallate-
mediated inhibition of nuclear factor-xB



Black Tea: Chemical and Pharmacological Appraisal

DOI: http://dx.doi.org/10.5772/intechopen.90114

and induction of apoptosis. Oncogene.
2004;23:2507-2522

[49] Nihal M, Ahmad N, Mukhtar H,
Wood GS. Anti-proliferative

and proapoptotic effects of (—)
-epigallocatechin-3-gallate on human
melanoma: Possible implications for
the chemoprevention of melanoma.

International Journal of Cancer.
2005;11:513-521

[50] Hwang JT, HaJ, In-Ja P, Lee SK,
Baik HW, Kim YM, et al. Apoptotic
effect of EGCG in HT-29 colon cancer
cells via AMPK signal pathway. Cancer
Letters. 2007;247:115-121

[51] Odegaard AO, Pereira MA, Koh WP,
Arakawa K, Lee HP, Yu MC. Coffee,

tea, and incident type 2 diabetes: The
Singapore Chinese health study. The
American Journal of Clinical Nutrition.
2008;88(4):979-985

[52] Whitmarsh AJ, Davis R].
Transcription factor AP-1 regulation
by mitogen-activated protein kinase

signal transduction pathways. Journal of
Molecular Medicine. 1996;74:589-607

[53]Jing Y, Han G, HuY, BiY, Li L,
Zhu D. Tea consumption and risk of
type 2 diabetes: A meta-analysis of
cohort studies. Journal of General
Internal Medicine. 2009;24(5):557-562

[54] Imran A, Butt MS, Arshad MS,
Arshad MU, Saeed F, Sohaib M, et al.
Lipids in Health and Disease. 2018;17:57

[55] Kwon Y-i, Apostolidis E, Shetty K.
Inhibitory potential of wine and tea
against a-amylase and a-glucosidase for
management of hyperglycemia linked
to type 2 diabetes. Journal of Food Bio
Chemistry. 2008;32:15-31

[56] Rizvi SI, Zaid MA, Anis R,
Mishra N. Protective role of tea
catechins against oxidation-
induced damage of type 2 diabetic

13

erythrocytes. Clinical and Experimental
Pharmacology & Physiology.
2005;32(1-2):70-75

[57] Glisan SL, Grove KA, Yennawar NH,
Lambert JD. Inhibition of pancreatic
lipase by black tea theaflavins:
Comparative enzymology and Iz silico

modeling studies. Food Chemistry.
2017;216:296-300

[58] Miyata Y, Tanaka T, Tamaya K,
Matsui T, Tamaru S, Tanaka K.
Cholesterol-lowering effect of black tea
polyphenols, theaflavins, theasinensin
A and thearubigins, in rats fed high

fat diet. Food Science and Technology
Research. 2011;17(6):585-588. DOI:
10.3136/fstr.17.585

[59] Gornes A, Vedasiromoni JR,

Das M, Sharma RM, Ganguly DK.
Anti-hyperglycemic effect of black
tea (Camellia sinensis) in rat. ]
Ethnopharmacol. 1995;45(3):223-226

[60] Anderson RA, Polansky MM. Tea
enhances insulin activity. Journal of
Agricultural and Food Chemistry.
2002;50:7182-7186

[61] Nagano T, Hayashibara K,
Ueda-Wakagi M, Yamashita y,

Ashida H. Black tea polyphenols
promotes GLUT4 translocation through
both PI3Kand AMPK-dependent
pathways in skeletal muscle cells. Food
Science and Technology Research.
2015;21:489-494

[62] Hininger-Favier I, BenarabaR,
Coves S, Anderson RA, Roussel

A-M. Green tea extract decreases
oxidative stress and improves insulin
sensitivity in an animal model of insulin
resistance, the fructose-fed rat. Journal
of the American College of Nutrition.
2009;28(4):355-361

[63] Yilmazer-Musa M, Griffith AM,
Michels AJ, Schneider E, Frei B. Grape
seed and tea extracts and Catechin



Tea - Chemistry and Pharmacology

3-Gallates are potent inhibitors of
a-amylase and a-Glucosidase activity
Meltem. Journal of Agricultural and
Food Chemistry. 2012;60:8924-8929

[64] Butacnum A, Chongsuwat R,
Bumrungpert A. Black tea consumption
improves postprandial glycemic

control in normal and pre-diabetic
subjects: A randomized, double-blind,
placebo-controlled crossover study. Asia
Pacific Journal of Clinical Nutrition.
2017;26(1):59-64

[65] Cameron AR, Anton S, Melville L,
Houston NP, Dayal S, McDougall GJ,
et al. Black tea polyphenols mimic
insulin/insulin-like growth factor-1
signalling to the longevity factor
FOXO1a. Aging Cell. 2008;7(1):69-77

[66] Nishiumi S, Bessyo H, Kubo M,
AokiY, Tanaka A, Yoshida K, et al.
Green and black tea suppress
hyperglycemia and insulin resistance
by retaining the expression of glucose
transporter 4 in muscle of high-fat
diet-fed C57BL/6] mice. Journal of
Agricultural and Food Chemistry.
2010;58(24):12916-12923

[67] McAnlis GT, McEneny ], Pearce ],
Young IS. Black tea consumption does
not protect low density lipoprotein
from oxidative modification. European

Journal of Clinical Nutrition.
1998;52(3):202-206

[68] Shimada K, Kawarabayashi T,
Tanaka A, Fukuda D, Nakamura,
Yoshiyama M, et al. Oolong tea increases
plasma adiponectin levels and low-
density lipoprotein particle size in
patients with coronary artery disease.

Diabetes Research and Clinical Practice.
2004;65:227-234

[69] Singh DK, Banerjee S, Porter TD.
Green and black tea extracts inhibit
HMG-CoA reductase and activate
AMP-kinase to decrease cholesterol
synthesis in hepatoma cells. The

14

Journal of Nutritional Biochemistry.
2009;20(10):816-822

[70] Beg ZH, Stonik JA, Brewer HB.
3-Hydroxy-3-methylglutaryl coenzyme
areductase: Regulation of enzymatic
activity by phosphorylation and
dephosphorylation. Proceedings of

the National Academy of Sciences

of the United States of America.
1978;75:3678-3682

[71] Takemoto M, Takemoto H,
Saijo R. Theaflavin synthesized in
a selective, domino-type, one-

pot enzymatic biotransformation
method with Camellia sinensis

cell culture inhibits weight gain
and fat accumulation to high-fat
diet-induced obese mice. Biological
& Pharmaceutical Bulletin.
2016;39(8):1347-1352

[72] Yang M-H, Wang C-H, Chen

H-L. Green, oolong and black tea
extracts modulate lipid metabolism in
hyperlipidemia rats fed high-sucrose
diet. The Journal of Nutritional
Biochemistry. 2001;12(1):14-20

(73] Lin CL, Huang HC, Lin JK.
Theaflavins attenuate hepatic lipid
accumulation through activating AMPK
in human HepG2 cells. Journal of Lipid
Research. 2007;48(11):2334-2343

[74] Kuo KL, Weng MS, Chiang CT,
Tsai YJ, Lin-Shiau SY, Lin JK.
Comparative studies on the
hypolipidemic and growth suppressive
effects of oolong, black, pu-erh, and
green tea leaves in rats. Journal of
Agricultural and Food Chemistry.
2005;53(2):480-489

[75] Hara Y, Honda M. The inhibition of
a-amylase by tea polyphenols. Journal
Agricultural and Biological Chemistry.

1990;54:1939-1945

[76] Pan H, Gao 'Y, Youying T, et al.
Molecules. 2016;21:E1659



Black Tea: Chemical and Pharmacological Appraisal

DOI: http://dx.doi.org/10.5772/intechopen.90114

[771 Wu T, Yu G, Liu R, Wang K,
Zhang M. Black tea polyphenols and
polysaccharides improve body 2
composition, increase fecal fatty acid,
and regulate fat metabolism in 3 high-
fat diet-induced obese rats. Food &
Function. 2016;7(5):2469-2478

[78] Lee S-J, Jia Y. The effect of bioactive
compounds in tea on lipid metabolism
and obesity through regulation of
peroxisome proliferator-activated

receptors. Current Opinion in
Lipidology. 2015;26(1):3-9

[79] Murase T, Nagasawa A, Suzuki J,
Hase T, Tokimitsu I. Beneficial effects of
tea catechins on diet-induced obesity:
Stimulation of lipid catabolism in the
liver. International Journal of Obesity
and Related Metabolic Disorders.
2002;26(11):1459-1464

[80] Heber D, Zhang Y, Yang J, Ma JE,
Henning SM, Li Z. Green tea, black
tea, and oolong tea polyphenols
reduce visceral fat and inflammation
in mice fed high-fat, high sucrose
obesogenic diets. Journal of Nutrition.
2014;144(9):1385-1393

[81] Tokimitsu I. Effects of tea
catechins on lipid metabolism and

body fat accumulation. BioFactors.
2004;22:141-143

[82] Berliner JA, Heinecke JW. The role
of oxidized lipoprotein in atherogenesis.
Free Radical Biology & Medicine.
1996;20:707-727

[83] Steinberg D, Parthasarathy S,
Carew TE, et al. Beyond cholesterol:
Modifications of low density lipoprotein
that increase its atherogenicity. The
New England Journal of Medicine.
1989;320:915-924

[84] Yoshino K, Hara Y, Sano M,

Tomita S. Antioxidative effects of black
tea theaflavins and thearubigin on lipid
perioxidation of rat liver homogenates

induced by tert-butyl hydroperoxide.

15

Biological & Pharmaceutical Bulletin.
1994;17:146-149

[85] Durrington P. Dyslipidaemia.
Lancet. 2003;362(9385):717-731

[86] Stamler ], Wentworth D,

Neaton JD. Is relationship between
serum cholesterol and risk of
premature death from coronary
heart disease continuous and

graded? Findings in 356,222 primary
screenees of the multiple risk factor
intervention trial (MRFIT). Journal
of the American Medical Association.
1986;256(20):2823-2828

[87] Austin MA, Hokanson JE,
Edwards KL. Hypertriglyceridemia
as a cardiovascular risk factor. The

American Journal of Cardiology.
1998;81(4A):7B-12B

[88] Avins AL, Neuhaus JM. Do
triglycerides provide meaningful
information about heart disease
risk? Archives of Internal Medicine.

2000;160(13):1937-1944

[89] Simons LA, Simons J, Friedlander,
McCallum J. Cholesterol and other lipids
predict coronary heart disease and
ischemic stroke in the elderly, but only

in those below 70 years. Atherosclerosis.
2001;159(1):201-208

[90] Sharett AB, Ballantyne CM,

Coady SA. Coronary heart disease
prediction from lipoprotein cholesterol
levels, tri-glycerides, lipoprotein

(a), apolipoproteins A-1and B,

and HDL density subfractions.

The atherosclerosis risk (ARIC) in
communities study. Circulation.
2001;104:1108-1113

[91] Criqui MH, Heiss G, Cohn R,
Cowan LD, Suchindran CM,
Bangdiwala S, et al. Plasma triglyceride
level and mortality from coronary heart
disease. The New England Journal of
Medicine. 1993;328(17):1220-1225



Tea - Chemistry and Pharmacology

[92] Lorenz M, Wessler S, Follmann E,
Michaelis W, Dusterhoft T,

Baumann G, et al. A constituent of
green tea, epigallocatechin-3-gallate,
activates endothelial nitric oxide
synthase by a phosphatidylinositol-3-
OH-kinase-, cAMP-dependent protein
kinase-, and Akt-dependent pathway
and leads to endothelial-dependent
vasorelaxation. The Journal of Biological
Chemistry. 2004;279:6190-6195

[93] Libby P. Inflammation

in atherosclerosis. Nature.
2002;420:868-874

16



