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SUMMARY

Tea, prepared from the leaves of Camellia sinensis, is the most popular beverage and has a number
of bioactives with proven health benefits. Tea is rich in polyphenols which are well documented
to have antioxidant, free radical scavenging, hypotensive, hypolipidemic, anti-radiation and
anti-cancer properties, as well as other biological activities and pharmacological effects. About
75% of the total polyphenols predominantly exists as catechines and their gallates in green tea
which are oxidized and polymerized to theaflavin and its gallates during processing in black tea.
Both catechins (in green tea) and theaflavins (in black tea) are strong antioxidants and their
effectiveness in prevention of several types of cancers, cardiovascular diseases, hypertension,
diabetes, obesity and alleviation of metabolic syndromes, antiviral activity and modulation of
immunity is well documented. Apart from polyphenols other tea bioactives like caffeine, theanine

are also associated with health promoting activities.

About 78% of the tea consumed globally is black tea and India is the largest producer. Despite
being the world’s most popular beverage, the health benefits associated with tea are quite often
ignored. While several studies have established the beneficial properties of green tea, the efficacy
of the bioactive compounds present in black tea has been the subject of several recent studies.
Extracts of black tea have been found effective in combating inflammatory diseases, cancers
and neurological disorders, while being efficient in cardiovascular disease prevention. Black tea
consumption has also been associated with weight loss and reduction in obesity. L-theanine, the
most predominant amino acid present in tea boosts immunity by fighting infection by bacteria,

viruses and fungi.

The theaflavins present in black tea have been reported to inhibit HIV, hepatitis C and influenza
viruses. A recent study in China suggested that theaflavins, present in abundance in the black teas
of Assam, could be used as a lead compound to inhibit the SARS-CoV2 virus. Further, in another
study in Taiwan, black tea extracts were demonstrated to have inhibitory activities against 3C-like

protease (3CLPro) enzyme of another SARS virus.

Thus, in view of the documented evidence on immunity and antiviral activity of black tea and
its bioactives, regular consumption of black tea could very well fit in as a component of healthy
diet for boosting immunity which is considered essential in this critical time of Global pandemic
created by COVID-19.
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number of bioactives with proven health benefits demonstrated through vitro cell culture,

animal and clinical trials. In fact, all types of tea like black tea, green tea, oolong tea, white
tea, yellow tea, etc., are considered as a nutraceuticals rather than a traditional beverage due to the
presence of diverse pharmacologically active compounds. Tea is rich in polyphenols, favonoids,
alkaloids, free amino acids, polysacharides and saponins which have been widely studied for their
antioxidant and other beneficial properties. While initial studies were mostly confined to green tea,
later studies clearly demonstrated that black tea and its bioactive compounds can prevent many
infammatory diseases, carcinogenesis, cardiovascular diseases, diabetes and hypertension, promote
weight loss, oral health and demonstrated anti-aging and antiviral activity against a number of
viruses and immunomodulatory effects.

Tea, prepared from the leaves of Camellia sinensis, is the most popular beverage and has a

Tea Bioactives

Polyphenols are the most important the tea bioactive compounds known for its antioxidant properties.
The four main polyphenol derivatives present in tea shoots and green tea are (-)-epicatechin
(EC), 3(-)-epigallocatechin (EGC), (-)-epicatechingallate (ECG) and (-)-epigallocatechin gallate
(EGCG). These catechins undergo oxidation and polymerization during manufacture of black
tea to theaflavins (TFs) which gives the characteristic bright orange-red colour of the black tea
extract. The major TFs in black tea are theaflavin (TF1), theaflavin-3-gallate (TF2a), theaflavin-
3'-gallate (TF2b) and theaflavin-3,3'-digallate (TF3). Flavonols, including quercetin, kaempferol,
myricitin and their glycosides are also present in tea. The total polyphenol contents in green and
black tea may be similar but with different stages of polymerization due to the degree of oxidation
as mentioned above during tea processing (Stangl et al. 2006). Both catechins and theaflavins have
been documented as strong antioxidants and their effectiveness in prevention of cardiovascular
diseases, hypertension, diabetes, obesity and alleviation of metabolic syndrome, inhibition of
antiviral activity and modulation of immunity (Liu et.a/, 2005; Clark et al., 1998,; Zu et. al., 2012,
Khan and Mukhtar, 2013, Yang, 2018; Teng et al., 2019). The other tea bioactives like caffeine and
theanine which are highly bioavailable are also reported to contribute to health benefits. The unique
amino acid L-theanine has neuroprotective effects (Chung, 2018) and demonstrated to prime the
immune system in fighting infection by bacteria, viruses and fungi in vitro (Bukowski et. al., 1999)
and human clinical trials (Kamath et. al., 2003).

Health benefits

The efficacy of green tea polyphenol to reduce blood cholesterol and lipid levels (Fekuyo et al.,
1986) as well as its anti altherosclerotic property (Muramatsu et al., 1986) and anti tumour and
anti mutagenic activities are well documented (Hara ef al., 1989; Okudu et al., 1984). Inhibitory
effects of green tea polyphenols on chemically or UV radiation induced carcinogenesis were also
reported in early 1990s (Wang et al., 1991; Yamane et al., 1991). Clinical efficacy of green tea in
diabetes mellitus as well as the water soluble polysaccharide fraction of green tea has been reported
to decrease the blood sugar level in diabetes mellitus patients and in rats in which hyperglycemia
was induced by administration of Streptozotocin (Isigaki ef al., 1991). These early studies
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indicating health benefits of tea were mostly reported from Japan for green tea (Proceedings of the
International Symposium on Tea Science, Shizuoka, Japan, 26-29 August 1991).

The studies on pharmacotherapeutics of black tea have been taken up later in view of the increasing
global awareness on the influence of food and beverages on human health. These later studies in
India and China have demonstrated that black teas are also equally effective as green teas with
respect to antioxidant and other beneficial properties and hence could counter some of the old
myths associated with this beverage (Leung ef al, 2001). The hot water extract of tea leaves not
only showed direct pharmacological properties, but also delayed effects which may be closely
correlated with the prevention of several degenerative disorders. In a series of metabolic animal
studies at Indian Institute of Chemical Biology (IICB), Kolkata showed that Indian black tea
extracts could reduce blood cholesterol and blood glucose, facilitates muscular performance and
reduced gastric ulcer induced by different ulcerogens in rats. The anti cancer activity of tea root
extracts were also demonstrated (Ganguly, 1994). The antioxidant activity of black tea extract
using erythrocyte hemolysis, plasma oxidation, and cellular antioxidant activity assays was
studied in China that showed that black tea extract dose-dependently protected erythrocytes
from 2, 20-azobis (2-amidinopropane)-induced oxidative hemolysis and copper-induced plasma
oxidation, and the tea pigments, especially thearubigins and theabrownins mainly contributed to
the antioxidant activity of black tea extract (Liu and Huang, 2015).

Tea and its bioactive components possess multiple health benefits including antioxidation, anti-
inflammation, immuno-regulation, anticancer, cardiovascular-protection, anti-diabetes, anti-
obesity, and hepato-protection (Khan and Mukhtar, 2013). In a recent review, Teng et al., (2019)
presented a comprehensive review of tea and its bioactive components, bioavailability, health
functions and safety mainly based on in vitro, in vivo and clinical studies highlighting the molecular
mechanisms of health functions for better utilization of tea as a beverage and functional foods to
prevent and control certain chronic diseases.

Health Benefits of Black Tea

Anti-inflamatory

Black tea extracts suppresses inflammatory diseases by reducing lipopolysaccharide (LPS)-
induced NO and O2 production as well as inducible nitric oxide synthase (iNOS) expression in
murine macrophage (Sarkar and Bhaduri, 2001). It is also reported to help maintain skeletal health
through reduction of active osteoclasts, inflammatory cytokines production and oxidative stress
(Das et. al.,2009). In another study Karmakar et. al. (2011) reported that black tea extacts provided
protection against high fat diet (HFD) fed non-alcoholic steatohepatitis (NASH)-induced bone
skeletal dysfunctional changes in Wistar rats.

Anticancer

Black tea extracts inhibited 7,12-dimethylbenz(a) anthracene (DMBA)-induced skin tumorigenesis
through activation of superoxide dismutase (SOD), catalase (CAT) as well as induced apoptosis
in mouse skin tumours (Saha and Das, 2002), induced of apoptosis by tea polyphenols mediated
through mitochondrial cell death pathway in mouse skin tumours (Roy et. al., 2009), suppressed
1,2-dimethylhydrazine (DMH)-induced colonic tumorigenesis by inhibition of cyclin D1, c-myc
and cyclooxygenase-2 (COX-2) gene expression through blockage of Wnt/B-catechin pathway
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(Patel et. al. (2008) and provided protection against oxidative stress, interfered with the activity of
carcinogen metabolizing enzymes and inhibited DMBA-induced tumour in hamster buccal pouch
carcinogenesis model (Mohan et. al., 2005). Polyphenols bind to biomolecules like proteins, lipids
and nucleic acid through H-bonding via phenolic groups and this high affinity binding to many
proteins has been proposed to be a key mechanism for anticancer activity of EGCG. In comparison
the black tea polyphenols with more phenolic groups, may bind to biomolecules with even higher
affinity than EGCG (Yang, 2018).

Cardiovascular disease prevention

Black tea extracts have been demonstrated to reduce the risk of coronary heart disease and
myocardial infarction (Arts et. al., 2001 ; Grassi et. al., 2008; Geleijnse et. al., 2002). Black tea
extracts have been reported to prevent cardiovascular diseases by inhibitng the acetyltransferase
and 1-alkyl-2-acetyl-sn-glycero-3-phosphocholine (PAF) biosynthesis that inhibited platelet
aggregation (Sugatani et. al.; 2004) and protecting the tert-butyl hydroperoxide (t-BHP)-induced
malodialdehyde (MDA) and dityrosine levels in human vein endothelial cells (HUVEC) as
demonstrated by Kuczaj et. al. (2009). In another study, Widlansky et. al. (2005) reported that
black tea extract reversed endothelial dysfunction in patients with coronary artery disease.

Anti-obesity and metabolic syndrome

Black tea consumption can help weight loss and reduce obesity. Metabolic syndrome is a set of
conditions such as increased blood pressure, high blood sugar, excess body fat around the waist, and
abnormal cholesterol or triglyceride levels that increases the risk of heart disease, stroke and type 2
diabetes. Black tea reduced HFD-induced body weight gain, improved hyperglycemia and glucose
intolerance via increasing the level of glucose transporter type 4 (GLUT4) in male C57BL/6J
mice (Nishiumi et. al., 2010). In another study, Uchiyama et. al. (2011) also reported that black
tea extracts suppressed HFD-induced body weight increase, adipose tissue mass and liver lipid
content through inhibition of intestinal lipid absorption in C57BL/6N mice. The sucrose-rich diet-
induced body weight gain and hypercholesterolemia was reported to reduce in male SD rats after
consumption of black tea extracts (Yang et. al., 2001) while Majumdar et. al. (2011) observed
that black tea consumption reduced HFD-induced NASH through regulation of pro-oxidant and
antioxidant status, protected hepatocellular damage and against apoptosis in Wistar rats.

Effects on neurological disorders

Scientific evidence are also available on the black tea consumption on a few neurological disorders.
Gauci et. al. (2011) reported that black tea extracts inhibited lipid membrane destabilization
induced by amyloid B peptide (AB) 42 peptides in vitro while Tan et. al. (2007) reported that
black tea could reduce the risk of Parkinson’s disease in the Singapore Chinese Health Study.
In a study carried out in India, Chaturvedi et. al. (2006) showed that black tea extracts could
protected 6-hydroxydopamine (6-OHDA)-induced dopaminergic neuron damage, improved motor
and neurochemical deficits in Wistar rats.

Modulation of immune system by tea constituents

The human immune system is complex and highly regulated internally. A healthy diet and lifestyle
helps in normal functioning of the immune system, which may be altered by some diseases and
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medications. Bioactives present in tea, viz., Catechins, Theaflavins, Quercetin, Caffeine and
Theanine can positively affect the immune system to bolster the body’s natural response to infection.

The most predominant amino acid present in tea is L-theanine, which primes the immune system
in fighting infection by bacteria, viruses and fungi. In vitro research on yd T cells (Bukowski et.
al., 1999) and human clinical trials (Kamath et. al., 2003) showed that majority of the tea drinkers
exhibited increased y-interferon production, an important part of the body’s immune defense within
2-4 weeks of tea consumption, in response to the secreted bacterial antigens isobutylamine and
ethylamine. Consumption of same amount of coffee for same duration had no effect on interferon
levels. Drinking tea, which contains L-theanine, a precursor of the non-peptide antigen ethylamine,
primed peripheral blood yo T cells to mediate a memory response on re-exposure to ethylamine and
to secrete y-interferon in response to bacteria. The results of this study suggested that regular intake
of black tea provides the body’s immune system with natural resistance to microbial infection.

Findings of another study on the protective role of tea drinking against upper respiratory tract
infections suggested that tea act as a first line of defense by killing viruses in the upper respiratory
tract. Iwata et. al. (1997) demonstrated that gargling with black tea could be a prophylactic agent
against influenza infection. In this study, the test subjects gargled with 0.5% wt/vol of black
tea extract twice daily. A significantly greater level of the influenza hemagglutinin antigen was
demonstrated by the control group compared with the test group (49 % vs 35 %, respectively). In
vitro, tea extract has been shown to inhibit absorption of the influenza viruses A and B but has no
effect on the multiplication of the virus (Nakayama et. al., 1990).

In-vitro studies conducted by Yan et. al, (1997) and Ciraj et. al., (2001), has shown that infections
caused by bacterial and viral species viz. S. aureus (tonsilitis), H. influenzae (pneumonia),
Pgingivalis (periodontal disease) etc. can be denatured by tea extracts. There is also evidence
from a cross-sectional study by Yee et. al. (2002) that high tea consumption was related to lower
H. pylori infection (stomach ulcer) rate compared with low tea consumption. Effects of green tea
against the Herpes simplex virus, rotavirus and enterovirus infections by tea extracts have also
been reported by Mukoyama et. al. (1991) & Yama et. al.(1997). Furthermore, Weber et al. (2003)
observed that adenovirus infection is inhibited in vitro by green tea catechins.

A review by Bukowski et. al. (2008) on the positive effect of tea drinking on immunity stated
that the test subjects supplemented with capsules containing L-theanine and flavan-3-ols from tea
exhibited lower incidence of cold and flu. Their recommendation from the study was to consume
five cups of tea a day. In addition, tea also contains tannins that have the ability to fight viruses and
hence keep the body protected from influenza, stomach flu and other such commonly found viruses
in our everyday lives.

Bhat et. al. (2009) conducted a study to test the putative immune-enhancing effect of fortified
black tea with five ayurvedic herbs (Withania somnifera, Glycyrrhzia glabra, Zingiber officinale,
Ocimum sanctum and Elettaria cardamomum) on innate immunity. Ex vivo natural killer (NK)
cell activity was assessed after consumption of fortified tea compared with regular tea in two
independent double blind intervention studies. The study showed that drinking tea fortified with
botanicals for at least two months enhanced the body’s natural killer cell activity, and suggested
that regular consumption of such a tea could potentially enhance immunity, especially in those who
suffered recurring colds and flu.

As biomarkers of immune activation, circulating neopterin and the ratio of kynurenine (KYN)
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to tryptophan (TRP) concentrations have been linked to cardiovascular and total mortality. A
number of studies (in vitro) indicated that tea flavonoids can modulate tryptophan breakdown
rates and neopterin production in immune cells. In a study supported by the National Health and
Medical Research Council of Australia Gostner et. al. (2015) assessed the effects of regular black
tea consumption on tryptophan and neopterin metabolisms in vivo. Healthy individuals having
normal to mildly elevated systolic blood pressure were randomly selected to consume 3 cups/
day of either powdered black tea solids or a flavonoid-free caffeine-matched beverage as control
and serum concentrations of tryptophan, kynurenine and neopterin were assessed periodically
after daily ingestion of the respective beverages. Regular consumption of tea over 6 months,
compared to control, did not significantly alter neopterin or tryptophan concentrations, but
significantly increased the concentration of kynurenine (p = 0.016) and KYN/TRP ratio which the
authors have attributed to enhanced tryptophan breakdown, possibly due to immune activation-
induced tryptophan degrading enzyme indoleamine 2,3-dioxygenase. The influence of black tea
consumption on biomarkers of immune system activation thus could relate to its general health
benefits, though the net effect would strongly depend on the individual immune state (Gostner et.
al., 2015).

Investigations carried out by Kim et. al. (2011) on the effect of L-theanine on allergic response in
animal model showed that in the L-theanine treated group, the histamine release from mast cells
was decreased.

Various polyphenolic components of tea have been shown to possess anti-inflammatory properties
in animal and in vitro models. In particular, the green tea polyphenol epigallocatechin gallate
(EGCG) has been shown to inhibit cyclooxygenase- 2 and nitric oxide synthase expression by
blocking excessive nuclear factor—xB activation (Surh ez. al., 2001). It is likely that the antioxidant
capacity of the tea polyphenols plays an important role in the anti-inflammatory actions. In another
study conducted by Crouvezier et. al. 2001, the effect of four major tea-derived catechins and a
black tea extract on the production of pro- and anti-inflammatory cytokines by human leukocytes in
vitro, was investigated. Epicatechin gallate, epigallocatechin and epigallocatechin gallate decreased
the production of interleukin-1p and enhanced the production of interleukin-10, but had no effect
on the production of interleukin-6 or tumour necrosis factor- a. Although these effects suggests the
anti-inflammatory properties of the tea-derived catechins, they were observed at concentrations
which were unlikely to be achievable in plasma in vivo and are therefore unlikely to contribute to
the protective effects of tea-derived flavonoids in inflammatory diseases.

Report on a randomized, double-blinded, placebo-controlled clinical trial by Shamekhi et. al.
(2017) indicated that the daily consumption of green tea extracts (1000 mg, two capsules/day)
for 12 weeks significantly improved the systemic lupus erythematosus (SLE) disease as well as
the corresponding vitality and general health. The results from another clinical trial (Zhang et. al.
2016) suggested that green tea consumption (@12 g/day) decreased plasma levels of inflammatory
factors, such as IL-6 and NF-kB, in soldiers with sleep deprivation. In a human study by Yusni et.
al. (2015), green tea polyphenol administration (2x350 mg/day, for 14 days) has been reported to
decrease the level of IgE in patients with allergic rhinitis compared with those in the control group,
though not statistically significant.

In a study reported in 2012 sponsored by National Tea Research Foundation (NTRF), India the
potential immunemodulatory and anti-inflammatory activities of black tea was studied in a rat
model as well as in human peripheral mononuclear cells. The acute anti-inflammatory activity
of black tea extract (10 and 20%) was evaluated using carrageenan and dextran whereas chronic
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anti-inflammatory (Immunomodulatory) effects were evaluated in a complete Freunds’ adjuvant-
induced arthritis model. Immunostimulatory role was evaluated in cultured human (in vitro)
peripheral mononuclear cells (T-lymphocytes) by using methyl thioazolyl tetrazolium (MTT) and
Trypan blue assay. Results indicated that black tea decoction (10% and 20%) strength has shown
significant anti-inflammatory effects (64.8% and 77% reduction, respectively), on carrageenan-
induced acute inflammatory models (rat paw edema) which can be comparable with the standard
drug indomethacin (89.1%). In a chronic anti-inflammatory model, black tea decoction (10% and
20%) has shown significant suppressive effects on rat paw edema (38.56% and 69.53%) observed on
21st day. Lymphoproliferative action of tea was evaluated on human peripheral mononuclear cells
using an MTT assay where the number of living cells were expressed in terms of optical density at
570 nm. An experiment has shown that black tea increases the maximum number of T-lymphocytes
at 72 h with a maximum strength of 20%. Maximum number of viable cells (T-lymphocytes) was
observed with black tea at 20% strength at 72 h. These findings indicate that black tea has potential
anti-inflammatory and immunomodulatory action and results corroborates with the current trend of
tea being promoted as a ‘health drink’ (Chattopadhay et al, 2012).

Ding et al., (2018) has extensively reviewed published studies on regulation of immune function
by polyphenols and observed that immune dysfunction is caused by various factors, including
changes in relevant immune regulators and environmental stress leading to a variety of diseases
in humans. Nutrition may play an essential role in immunity by interfering with proinflammatory
cytokine synthesis, immune cell regulation, and gene expression. Polyphenols, one of many
categories of natural substances, promote immunity to foreign pathogens via various pathways.
Different immune cells express multiple types of polyphenol receptors that recognise and allow
cellular uptake of polyphenols, which subsequently activate signalling pathways to initiate
immune responses as in case of polyphenols curcumin and epigallocatechin gallate (EGCG) was
demonstrated to induce epigenetic changes in cells. Polyphenols can be used to regulate intestinal
mucosal immune responses, allergic diseases, and antitumour immunity. Polyphenols are among
the most abundant chemicals in the plant kingdom, which yields consumables such as vegetables,
fruit, and tea. Polyphenols have been shown to enhance antitumour immune activity, as well as
immunomodulatory processes and intestinal mucosal immunity.

Tea, antiviral activity and Corona viruses

Liu et al.,(2005) showed that the theaflavin derivatives had more potent anti-HIV-1 activity
than catechin derivatives. These tea polyphenols could inhibit HIV-1 entry into target cells by
blocking HIV-1 envelope glycoprotein-mediated membrane fusion. The fusion inhibitory activity
of the tea polyphenols was correlated with their ability to block the formation of the gp41 six-
helix bundle, a fusion-active core conformation. Computer-aided molecular docking analyses
indicate that these tea polyphenols, theaflavin-3,3'-digallate (TF3) as an example, may bind to the
highly conserved hydrophobic pocket on the surface of the central trimeric coiled coil formed by
the N-terminal heptad repeats of gp41. These results indicate that tea, especially black tea, may be
used as a source of anti-HIV agents and theaflavin derivatives may be applied as lead compounds
for developing HIV-1 entry inhibitors targeting gp41.

EGCG present in green tea has been shown to inhibit Herpes simplex virus type-1 (HSV-1)
(Oleviera, 2008; Issack et al., 2008) by possibly binding to the glycoproteins on the envelope of
the virus, thereby preventing viral entry into the host cell. The increased stability of theaflavins
compared to EGCG at neutral pH could make these black tea compounds a more feasible option
for the design of an antiviral therapeutic agent than EGCG (Su et al, 2003). Black Tea Extract
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consisting primarily of theaflavins is not cytotoxic and can reduce or block the production of
infectious HSV-1 virions in cultured A549 and Vero cells, thus inhibiting the infectivity of the
virus by interfering in the attachment, penetration and viral DNA replication of HSV-1 particles
(Cantatore et al.,2013).

The anti-influenza virus and anti-inflammatory activities of theaflavin derivatives have been
reported by Zu at. el.,(2012). The theaflavins fraction (TF80%, with a purity of 80%) and three
theaflavin (TF) derivatives from black tea have been found to exhibit potent inhibitory effects
against influenza virus in vitro. The authors have used assays for neuraminidase (NA) activity,
hemagglutination (HA) inhibition, a real-time quantitative PCR (qPCR) for gene expression of
hemagglutinin (HA) and a cytopathic effect (CPE) reduction assay for studying the activity of
TFs. The results showed that the TFs exerted significant inhibitory effects on the NA of three
different subtypes of influenza virus strains and also on HA through two major mechanisms. The
TF derivatives might have a direct effect on viral particle infectivity affecting replication of the
viral HA gene during early stage of infection. In addition, TFs decreased the expression level of the
inflammatory cytokine IL-6 during viral infection, expression of which may result in serious tissue
injury and apoptosis. Thus, the results indicated that TF derivatives are potential compounds with
anti-influenza viral replication and anti-inflammatory properties.

A study of antiviral activity of theaflavins (extracted from black tea) against Hepatitis C virus
(HCV) using human hepatoma Huh-7 cells showed significant decrease of infectivity of the virus
in the presence of each of the three theaflavins, with a clear dose-dependent inhibitory effect.
The antiviral activity of the theaflavins was confirmed by quantification of viral RNA. TF3 was
found to be more active and the HCV pseudotyped virions confirmed their activity on HCV
entry and demonstrated their pan-genotypic action by directly acting on the virus particle and
inhibited cell-to-cell spread. Further, TFs in combination with Sofosbuvir and Daclatasvir which
are FDA approved drugs for HCV, enhanced the antiviral activity of both drugs (additive effect)
demonstrating that it could be used in combination with direct acting antivirals (DAA) used in
hepatitis C therapy. Thus, theaflavins, that are present in high quantity in black tea, hold promise
for therapeutic use against HCV infection and also as neutraceutical as it inhibit cell-to-cell entry
of the virus (Chowdhury, et al., 2018).

In a study reported by Clark et al. (1998) it was demonstrated that theaflavins extracted from
black tea were able to neutralize bovine coronavirus and rotavirus infections. The crude black tea
extract and the various fractions of theaflavins extracted from black tea were tested individually
and in combination for antirotaviral activity. The combination of theaflavin fractions (TF1 + TF2a
+ TF2b + TF3) was more active than the sum of the activities of these four fractions individually,
indicating synergism amongst the TF components. The results of this study showed that theaflavin
and theaflavin gallate derivatives have inactivation activity (in vitro) against both rotavirus and
coronavirus. The crude black tea extract was also able to neutralize the coronavirus.

In view of the current pandemic created by the novel corona virus COVID-19, lot of efforts
are on globally to develop suitable vaccine and to relook the existing drugs and molecules for
effectiveness against the causative agent SARS-CoV-2 (Tang et al., 2020). Coronaviruses are
enveloped positive-stranded RNA viruses that replicate in the cytoplasm (Belouzard et al. 2012).
To deliver their nucleocapsid into the host cell they rely on the fusion of their envelope with the
host cell membrane. The spike glycoprotein (S) mediates virus entry and is a primary determinant
of cell tropism and pathogenesis. The RNA dependent RNA polymerase (RdRp) is known to be an
important enzyme that catalyzes the replication of RNA from RNA templates.
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In a recent study published in the Journal of Medical Virology, 83 compounds used in Chinese
medicine system were screened for their potential efficacy against SARS-CoV-2 by assessing their
binding efficiency onto this RNA dependent RNA polymerase (RdRp) of the COVID-19 virus
(Lung et. al., 2020). The authors have generated three dimensional model structures of RdRp of
SARS-CoV-2 (2019 Pandemic), SARS-CoV (2002 epidemic) and MERS-CoV (2012 epidemic)
using Modeller UCSF Chimera (https://www.cgl.ucsf.edu/chimera/) and SWISS-MODEL (https://
swissmodel. expasy.org/) to test the efficacy of the compounds. This virtual screening in this
bioinformatics study revealed that out of the 83 compounds screened, theaflavin was the best
compound on the basis of idock score (prediction of binding affinity), hydrophobic interactions and
additional hydrogen bonds between theaflavin and amino acid near the active site of RdRp. This
was further confirmed by lower binding energy when it docks the catalytic pocket of SARS-CoV-2
RdRp. These finding suggested that theaflavins could be used as a lead compound for developing a
SARS-CoV-2 inhibitor that targets the RdRp. Theaflavins are present in black tea and the highest
theaflavin contents are present in the black teas of Assam.

Though further in vivo, animal and clinical trials would be required to carry forward this research
finding, it is quite interesting to note that an earlier study from Taiwan has in fact convincingly
demonstrated the inhibition of SARS-CoV 3C-like protease activity by Theaflavin-3,3’-digallate
(TF3) published in the journal Evidence based Complementary and Alternative Medicine (Chen
et.al.,2005). The authors have reported that the extracts from Puer and Black tea were more potent
than the green or oolong tea extracts in their inhibitory activities against a chymotrypsin-like
(3CLPro) protease. In this study 3CL protease was a target and the virus of interest was SARS-
CoV (2002 epidemic). This study also used docking approach to screen out the best inhibitory
compounds using a natural product library consisting of 720 compounds. Two compounds, tannic
acid and TF2b (Theaflavin 3-gallate) were found to be active against 3CL Protease. Since many
other related to tannic acid and TF2b are also present in various kinds of teas, the authors further
examined the inhibition of activity by various tea extracts and several well known pure ingredients
present in teas. The water extracts of TF2b (theaflavin-3-gallate), TF3 (theaflavin diggallate) and
tannic acid were found to be the best effective 3CLPro inhibitors with inhibitory concentration
(IC50) of less than 10 uM. The results from this study showed that Puer and Black tea extracts
were more potent than the green or oolong tea extracts in inhibitory activities against 3C-like
protease (3CLPro) of severe acute respiratory syndrome coronavirus (SARS-CoV), notably the
active constituents viz. Theaflavin-3-gallate (TF2b) theaflavin-3,3’-digallate (TF3) and tannic acid
were effective 3CLPro inhibitors.

Conclusion and Suggestions

The tea plant has been cultivated for thousands of years and its leaves used for medicinal purposes.
The health promoting benefit of drinking tea has been known since ancient times. Modern research
has only provided scientific basis for this belief (Khan and Mukhtar, 2013). Evidence supporting
the health benefits of tea drinking is growing stronger with each new scientific publications. The
forgoing review of the various research findings clearly indicate the health benefits and antiviral
activity of black tea and theaflavins against a number of viruses including the SARS-CoV
coronavirus (Chen et.al.,2005).

It is well known that the pathogenesis of many human diseases involve immune functions. The
immune dysfunction’s influence on health and the scope of relying on functional foods, defined
as those providing specific nutrition or targeting multiple functional components are considered a
form of preventive medicine (Cornd et al., 2014). Nutrition plays an essential role in immunity by
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interfering with proinflammatory cytokine synthesis, immune cell regulation, and gene expression.
Polyphenols promote immunity to foreign pathogens via various pathways and different immune
cells expresses multiple types of polyphenol receptors that recognise and allow cellular uptake of
polyphenols, which subsequently activate signalling pathways to initiate immune responses (Ding
et al., 2018). Tea is rich in polyphenols and since it contains the unique amino acid L-theanine, its
consumption provides the body’s immune system with natural resistance to microbial infection.

Thus, in view of the available evidence of antiviral activity of black tea and its theaflavins against the
SARS-CoV coronavirus (Chen et.al., 2005) and the recent demonstration of the binding efficiency
of theaflavins onto the RNA dependent RNA polymerase (RdRp) of the COVID-19 virus (Lung et.
al., 2020), the black tea could very well fit in as a component of healthy diet for boosting immunity
which is considered essential in this critical time of Global pandemic created by COVID-19.
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