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In Silico Study on Tea Flavanoids as Anticlastogens

Introduction
Tea is one of the most popular beverages consumed which is 

drinking by human being around the world. Near about 75 percent 
has occupied by Black tea in whole world in case of world’s tea 
consumption. Black tea is the most common tea beverage consumed 
in United States, United Kingdom (UK), and Europe. In case of Japan 
and China they use mainly green tea consumption. Oolong and 
white tea are consumed in much lesser amounts around the world. 
It is made from the leaf of the plant Camellia sinensis. Shortly after  

 
harvesting, tea leaves begin to wilt and oxidize [1-13]. Chemicals in 
the leaves are broken down by enzymes by the process of oxidation, 
by this process leaves of tea are becoming darkening in color 
and the well-recognized aroma of tea. That enzymatic oxidation 
reaction can be stopped by the help of heat to inhibit the enzyme. 
Determination of tea’s type depends on the amount of oxidation of 
tea leaves Figure 1. When tea leaves are wilted, bruised, rolled, and 
fully oxidized causes formation of black tea. When tea leaves are not 
wilted and oxidized causes formation of green tea.
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Abstract

The interaction of flavonoids of tea extract with different histone proteins member of bone marrow of Swiss mice in silico were satisfactory, and all 
the interaction (Docking using Hex 5.1) were found to have very low entropy values indicative of strong interaction. Potassium dichromate which has 
been reported in literature as a potential clastogen was also tested for its activities and interaction with histones and it was found that the interaction of 
compound also yielded very low E- values. Different histone proteins were docking with flavonoids of tea extract at very first step to give some values 
and histone proteins docking with flavonoids of tea extract in presence of known clastogen (potassium dichromate) gave some values. From the values 
the study could suggest the flavonoinds were midly anticathodes.
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Tea consists of polyphenols, alkaloids, amino acids, 
carbohydrates, proteins, chlorophyll. The odor of tea produces by 
some volatile components. And few amounts of fluoride, aluminum, 
minerals, and trace elements are present in tea. In case of green 
tea, the catechins (epigallocatechin-3-gallate (EGCG).) which are 
polyphenols, a large group of plant chemicals are responsible for 
the health benefit.

Black tea contains much lower concentrations of these 
catechins than green tea [14]. The concentrations of thearubigins 
and theaflavins can be increased by more oxidation of black tea. 
Oolong tea contains a mixture of simple polyphenols, such as 
catechins, and complex polyphenols [15]. White and green tea 
contains similar amounts of epigallocatechin-3-gallate but different 
amounts of other polyphenols [16]. The polyphenol (EGCG, EGC, 
ECG, and EC) of green tea and the theaflavins and thearubigins in 
black tea shows the anti-oxidative nature which can prevent the 
clastogenic effect. These free radical of EGCG, EGC shows some 
activity and may protect cells from DNA damage caused by reactive 
oxygen species [17]. Inhibition of tumor cell proliferation as well as 
induce apoptosis has done by polyphenol compound of tea infusion 
in in-vitro and in-vivo conditions studies [18-23]. Inhibition of 
angiogenesis and tumor cell invasiveness has done by tea catechins 
in both studies in-vitro as well as in-vivo [24]. It can also protect the 
cell from damage by ultraviolet (UV) B radiation [25], and they may 
modulate immune system function. Detoxification enzymes, such as 
glutathione S-transferase and quinone reductase are activated by 
green tea which may help protect against tumor development [26].

Strong antioxidant activity of tea polyphenols, the precise 
mechanism by which tea might help prevent cancer has not been 
established [27]. The widespread consumption of tea throughout 
the world has stimulated interest in possibility of its use in 
chemoprevention of carcinogenesis and its related phenomenon, 
mutagenesis. Green tea is able to inhibit mutagenesis at 
concentration levels equivalent to daily human consumption. Green 
tea reduced the formation of skin cancers induced by UV light [28] 
lung cancer induced by asbestos. The property of anti-mutagenesis 
has been related to different components of the tea extract like 
isolated [29]. The black tea infusion is less definite, its anticancer 
property having been shown only against UV light-induced skin 
cancer [30]. Very little work has been carried out on the activity of 
black tea in preventing chromosome damage.

During the past decade it has emerged that the packaging 
of eukaryotic DNA by histone into chromatin is a key regulator 
of nuclear processes involving DNA, such as transcription and 
replication. Histones are highly alkaline proteins found in 
eukaryotic cell nuclei that helps the strand DNA into structural 
units called chromatin. They are chief protein components of 
chromatin acting as spools around which DNA winds. Without 
histone, the unwound DNA in chromosomes would be very long 
and that might create difficulty in duplication during cell division. 
So, histones are major component to Chromosome directly or 
indirectly (Table 1 & 2). The present experiment was undertaken 
to observe the effects of standard black tea infusion on mice bone 

marrow chromosomes (especially Histone proteins of DNA) in 
silico condition and its protective action against known clastogen 
like Potassium Dichromate. 

Table 1:

Bioinformat-
ics Tools Description Uses

Swiss Modeler Prediction and create 
3rd structure of protein

To create the histone protein 
3rd structure

Smile trans-
lator

Translate the 2rd struc-
ture to 3rd structure

To get the 3rd structure of 
flavonoids and clastogen.

Hex 5.1 Docking can be done. To dock the experimental 
procedure.

Q site finder 
&Pocket 

finder

Through which the 
result can be analyze. To analyze the docking result.

Table 2: Experimental protocol. 

Set Experiment

1 Modeling the 5-histone protein of mice bone marrow chromo-
some by swiss modeler. 

2 Docking different histone proteins with potassium dichromate.

3 Docking between Different types of histone protein with differ-
ent types of tea flavonoids by the help of Hex 5.1

4
Docking in between different types of histone proteins, potassi-
um dichromate and different types of tea flavonoids by the help 

of HEX 5.1

5 Analyze the docking result by Q-site finder.

Materials and Method
Throughout the entire duration of the work many computational 

approaches have been used to obtain the ultimate results. For that 
we need some tools (Bioinformatics).

Results
E-Total value shows the docking result. 

E-Total value shows the docking result.

Discussion
From the observed results it can be concluded that the 

interactions of the flavonoids of the tea extracts with the different 
histone protein members were satisfactory, and all the interactions 
were found to have very low entropy values indicative of a strong 
interaction (Table 3-5). Potassium dichromate which has been 
reported in literature as a potential clastogen was also tested for its 
activities and interactions with histones and it was found that the 
interactions of the compound also yielded very low E–values [31]. 
This observation goes a long way to help us understand a possible 
molecular mechanism of the various clastogens which have been 
reported in literature to cause chromosome damage.
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Table 3: Docking between different types of histone protein and potassium dichromate by the help of hex 5.1

Receptor Ligand E. Total E Shape E Force E air V Shape V Clash

H1M Potassium Dichromate -154.49 -154.49 0 0 0 0

H2AM Potassium Dichromate -173.56 -159.46 0 0 0 0

H2BM Potassium Dichromate -159.46 -159.46 0 0 0 0

      H3M Potassium Dichromate -171.9 -171.9 0 0 0 0

      H4M Potassium Dichromate -167.33 -167.33 0 0 0 0

Table 4: Docking between different types of histone protein 
with different types of tea flavonoids by the help of hex 5.1.

        Ligan 
Receptor

Epicat-
echin 

Ga-Llate

Epigal-
lo-Cae-

chin

Theaf 
Lavin

3-O 
Methayl 
Catechin

Epi-
cate-Chn

H1M -310.81 -214.5 -294.8 -241.64 -223.63

H2AM -236.1 -206.58 -294.51 -195.36 -198.47

H2BM -234.38 -205.07 -235.93 -208.2 -193.41

H3M -232.57 -196.7 -277.46 -201.07 -191.8

H4M -207.81 -192.45 -234.56 -204.56 -189.1

Table 5: Docking in between different types of histone 
proteins, potassium dichromate and different types of tea 
flavonoids.

        Ligand 
Receptor

Epicat-
eching 
A-Llate

Epigal-
lo-Cae-

chin

Theaf-
Lavin

3- O 
Methayl 
Catechin

Epi-
cate-CHN

H1M+ 
Potassium 

Dichromate
-319.77 -219.59 -298.79 -244.33 -209.08

H2AM+ 
Potassium 

Dichromate
-222.43 -210.14 -289.49 -193.53 -203.03

H2BM+ 
Potassium 

Dichromate
-226.28 -202.4 -248.66 -199.17 -194.89

H3M+ 
Potassium 

Dichromate
-235.04 -197.34 -284.8 -196.88 -182.95

H4M+ 
Potassium 

Dichromate
-205.49 -202.79 -223.8 -199.47 -189.88

Interactions of potassium dichromate with the histones were 
also tested in presence of the bound flavonoids and it was found 
that the interacting pocket varied significantly with the condition 
where the former was made to interact with histones in absence 
of the flavonoids [32]. This observation leads us to conclude 
that the flavonoids serve as antagonist to the binding affinity 
of the clastogen and probably goes a long way in explaining the 
antimutagenic/anticlastogenic activity of the tea extracts. In vivo 
condition the previous experiment showed the satisfactory result 
by chromosome aberration of mice chromosome. We all know 
that the histone protein shows the important role on chromosome 
aberration for that reason I had done my experiment in silico with 
histone protein which showed the satisfactory result.

Conclusion
As we can predict from this experiment the tea flavonoids act as 

potent anticlastogenic So, that we can design synthetic compounds 
by the help of drug designing which will help in chemoprevention.) 
Because of clastogen agents like Potassium Dichromate the damage 
to DNA has been attributed to the generation of pre-oxygen radicals. 
The theaflavine-polyphenolic ingredients of black tea extract have 
shown to scavenge oxidative radicals and usually show strong 
affinity for proteins. So, we can use theaflavin as a drug and we can 
also synthesize the theaflavin artificially in laboratory.
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