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Abstract:

Camellia sinensis (green tea) is a rich source of polyphenolic phytochemicals with reported antioxidant and
anticancer properties. The present study investigated the cytotoxic potential of different solvent extracts of
Camellia sinensis twigs and explored their molecular interactions using in vitro and in silico approaches.
Sequential extraction was carried out using methanol, butanol, hexane, and ethyl acetate. Cytotoxic activity was
evaluated using the MTT assay against human breast cancer cell lines (MCF-7). In parallel, molecular docking
studies were performed using Glide (Schrodinger) to predict the binding affinity of major green tea
phytoconstituents against selected target proteins (PDB IDs: 6MTU and 6YQ4).

The results demonstrated that the methanolic and butanolic twig extracts exhibited significant cytotoxic activity
against MCF-7 cells, with ICs, values of 42.45 + 0.754 pg/mL and 36.05 * 0.614 pg/mL, respectively, while ethyl
acetate and hexane extracts showed comparatively lower activity. Molecular docking studies revealed strong
binding interactions of catechin gallate and theaflavin derivatives with the selected protein targets, exhibiting
docking scores superior to some standard anticancer drugs. The combined in vitro and in silico findings suggest
that Camellia sinensis twig extracts possess promising anticancer potential. Further studies involving bioactive
compound isolation, mechanistic evaluation, and in vivo validation are recommended to confirm their
therapeutic applicability.

Keywords: Camellia sinensis, twig extracts, cytotoxicity, molecular docking, cancer cell lines, anticancer activity,
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1.1. Introduction:

Green tea is a type of tea that is made from Camellia
sinensis leaves and buds that have not undergone
the same withering and oxidation process which is
used to make oolong teas and black teas. Green tea
originated in China, and since then its production
and manufacture has spread to other countries in
East Asia. Polyphenols found in green tea include
epigallocatechin gallate (EGCG), epicatechin gallate,
epicatechins and flavanols, which are wunder
laboratory research for their potential effects in
vivo. Other components include three kinds of
flavonoids, known as kaempferol, quercetin, and
myricetin. (1) Although the mean content of
flavonoids and catechins in a cup of green tea is
higher than that in the same volume of other food
and drink items that are traditionally considered to
promote health, flavonoids and catechins have no
proven biological effect in humans.

Green tea twigs are initially processed by soaking in
an alcohol solution, which may be further
concentrated to various levels; byproducts of the
process are also packaged and used. Extracts are
sold over the counter in liquid, powder, capsule, and
tablet forms, and may contain up to 17.4% of their
total weight in caffeine, though decaffeinated
versions are also available.

Green tea extract is usable as a clean label food
preservative, protecting fats from rancidity. The oil-
soluble form used is palmitoylated green tea
catechins, ruled generally recognized as safe in
2020.

Catechins are natural polyphenolic phytochemicals
that exist in food and medicinal plants, such as tea,
legume and rubiaceae. An increasing number of
studies have associated the intake of catechins-rich
foods with the prevention and treatment of chronic
diseases in humans, such as inflammatory bowel
disease (IBD) (3). Catechin plays an important role
in the prevention of atherosclerosis progression due
to vascular anti-inflammatory action, and the
inhibition of vascular cell growth factors involved in
atherosclerosis. Inhibition of thrombo genesis by
catechin is due to the suppression of platelet
adhesion. Epigallocatechin gallate (EGCG), also
known as epigallocatechin-3-gallate, is the ester of
epigallocatechin and gallic acid, and is a type of
catechin. (4,5)Theoflavin is a chemical in black
tea(6) that is formed from fermentation of green
tea. It is used as medicine. People take theaflavin for
high levels of cholesterol or other fats (lipids) in the
blood (hyperlipidemia), heart disease, obesity, and
cancer, but there is no good scientific evidence to
support these uses.
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Figure No.1. Structures of components

1.2.Introduction to MTT Assay:

Measurement of cell viability and proliferation
forms the basis for numerous in vitro assays of a cell
population’s response to external factors. The MTT
Cell Proliferation Assay measures the cell

proliferation rate and conversely, when metabolic
events lead to apoptosis or necrosis, the reduction
in cell viability.

Molecular docking is a key tool in structural
molecular biology and computer-assisted drug
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design. The goal of ligand-protein docking is to
predict the predominant binding mode(s) of a
ligand with a protein of known three-dimensional
structure. Successful docking methods search high-
dimensional spaces effectively and use a scoring
function that correctly ranks candidate dockings.
Docking can be used to perform virtual screening
on large libraries of compounds, rank the results,
and propose structural hypotheses of how the
ligands inhibit the target, which is invaluable in lead
optimization. The setting up of the input structures
for the docking is just as important as the docking
itself, and analyzing the results of stochastic search
methods can sometimes be unclear.

2 MATERIALS AND METHODS:

DMEM (Dulbecco's modified Eagles medium), MTT
[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide], trypsin, EDTA Phosphate
Buffered Saline (PBS) and were purchased from
Sigma Chemicals Co. (St. Louis, MO) and Fetal
Bovine Serum (FBS) were purchased from Gibco. 25
cm 2 and 75 cm?2 flask and 96 well plated purchased
from Eppendorf India.

2.1 Maintenance of Cell Line:
The Cancer cell lines were purchased from NCCS,
Pune and the cells were maintained in DMEM
supplemented with 10 % FBS and the antibiotics
penicillin/streptomycin (0.5 mL-1), in atmosphere
of 5% CO 2 /95% airat 37 0 C.

2.2. Molecular docking studies

e A molecular docking study was carried out to
assess their interaction and binding modes with
target receptors using Glide standard precision (SP)
Maestro Schrodinger 2020_1.

e It is comprised of a series of steps which
includes the selection of protein and its preparation,
receptor grid generation, preparation of ligands,
and its docking to the receptor.

e  Protein with PDB ID 6MTU (Crystal structure
of human Scribble PDZ1:pMCC complex), and 6YQ4
(Crystal structure of Fusobacterium nucleatum
tannase) were downloaded from Protein Data Bank
at aresolution of 2.14 A2, and 2.40 A2 respectively.

e  Both proteins were subjected to preprocessing,
optimization, and minimization by the OPLS4 force

RESULTS AND DISCUSSION:
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field with the help of the protein preparation
wizard.

e  The binding pocket / active site was identified
by site map analysis and chosen top site (sitemap 1)
for the generation of the grid.

e  Agrid was generated in the 6MTU protein with
X, Y, and Z coordinates 14.24, - 16.52, and 25.87.
The active site surrounded with the amino acid
residues Chain A: LYS746, SER748, GLU792, HIS793,
HIS794, VAL797, GLU798, ARG801; Chain B:
LYS746, GLY747, SER748, GLU792, HIS793, HIS794,
VAL797, GLU798, ARG801; Chain C: HIS823,
ASN825, GLU8B26, THR827; Chain D: ASN825,
GLU826, THR827.

e A grid was generated in the 6YQ4 protein with
X, Y, and Z coordinates -34.27, - 41.36, and -43.8.
The active site surrounded with the amino acid
residues Chain B: ILE22, ASN23, PRO76, ASN77,
THR78, VAL79, ASP88, GLY93, ASP95, LYS97,
ALA98, ASN99, SER100, LEU101, TYR103, ASN163,
GLY164, THR165, GLY168, TYR206, MET222,
TYR223, ARG231, MET232, GLU241, ASN244,
ASP245, ARG246, SER247, LEU248, THR249,
ARG250, THR252, ILE307, PHE324, LEU340,
TYR343, THR344, ILE346, GLY347, ASP348,
MET350, HIS440, GLY441, ALA442, ILE443,
ASP444, 1YS445, ASP446, SER448, LEU449,
GLN474, GLY475, HIS476, GLY477, GLY478, ASP479,
TYR480, ASP481, LEU482, GLU483, GLU484.

e  The ligand preparation involves the conversion
of 2D to 3D structures and producing their low
energy states in Maestro format using an OPLS4
force field, with the possibility to extend each input
structure by generating variation on ionization
states.

e Finally docking was carried out using Glide
software with standard precision and write SP
descriptor information. During this procedure,
favorable ligand poses were then generated to
determine their spatial fit into the active site of the
receptor and those that fitted best were then
evaluated and minimized for generating glide
scores.

. The Glide score, hydrogen bonds, and m-m
interaction formed with the surrounding amino
acids were used to predict the binding affinities and
proper alignment of these compounds at the active
site of the receptor.

Table No.1.Docking Score and Interactions of Compounds against 6MTU Protein

S.No Compound Name Docking Score Interactions

1 Catechin gallate -7.15 THR749, PRO750, SEP828

2 Theoflavin-3-gallate -6.91 THR749, SEP828

3 Theoflavin -6.46 THR749, TYR751, GLU826, SEP828
4 Theoflavin3-3'-digallate -6.42 SER761, GLU826, SEP828
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5 Catechin -6.18 SER741, GLU826, SEP828

6 Gallocatechin -5.79 SER741, GLU826, SEP828

7 5-Fluorouracil -5.71 LYS746, HIS793, HIS823

8 Gallocatechin gallate -5.52 TYR751, SER761, GLU826, SEP828

9 Theoflavin-3'-gallate -5.42 GLUS826, SEP828

10 6-Mercaptopurine -5.28 SEP828

11 Camptothecin -4.40 THR749, SEP828, PR0822

12 Vinblastine -3.62 TYR751, SEP828

13 Cyclophosphamide -3.01 GLU792, HIS793, HIS794, ARG 801

Table No.2.Docking Score and Interactions of Compounds against 6YQ4 Protein
S.No Compound Name Docking Interactions
Score

1 Theoflavin-3'-gallate -8.58 ASP95, ALA98, ASN99, ASN244, ASP479

2 Theoflavin3-3'-digallate -8.19 ARG246, THR249, SER251, THR252, GLN323,
LYS445, ASP446

3 Theoflavin-3-gallate -7.83 GLN323, LYS445, ASP446, GLN474, GLY475,
HIS476

4 Theoflavin -7.71 ASP88, ALA98, ASP245, GLN 241, GLY478,
TYR480

5 Catechin -7.09 GLU233, LYS351, SER352, GLU365, ASP360

6 Gallocatechin -6.68 ASP88, ALA98, SER100, GLN241, ASP479

7 Catechin gallate -6.24 GLU233, TYR243, LYS351, PRO354, GLU365

8 6-Mercaptopurine -6.07 1LE443, LYS445

9 Gallocatechin gallate -5.91 ASP88, LYS97, ALA98, ASN99, ASP245, GLY478,
ASSP479

10 5-Fluorouracil -5.32 ASP88, THR165, GLN241

11 Camptothecin -4.99 ARG231, LEU359

12 Cyclophosphamide -4.42 SER352, PRO354

13 Vinblastine -4.02 ASP88, ASN99

14 Vincristine -3.95 ASP348
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Figure No.2.2907- Molecular docking of glutamate ionotropic receptor NMDA type subunit associated
protein 1 -2D&3D Structure
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Figure No0.4.5978 - Molecular docking of Interleukin IL-15RA Receptor sub unit-a 2D&3D Structure

Figure No.5.13342 - Molecular docking of Landiolol-2D&3D Structure
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Figure No.7.667490 - Molecular docking of Mercapto purine 2D&3D Structure

Figure No.8.Molecular docking of catechin -2D&3D Structure
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Figure No.11. Molecular docking of Gallo catechin gallate -2D&3D Structure
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Figure No.14.Molecular docking of Theofalvin-31 gallate 2D&3D Structure

Doi: 10.69980/ajpr.v27i2.798 1548-7776 Vol. 27 No. 2 (2024) January

275/281



https://ajprui.com/index.php/ajpr/index

Nayakanti Bhasker Babu

American Journal of Psychiatric Rehabilitation

Expert Opinion Article

File Edit Select Workspace Scripts View Window Help

* i ‘A_ . . Invert

P e Al ® Previcns

Protein Preparation  Surface (Bindino Si Minimize Selected A

Ligand Interaction Quick Align ~ Measure

Rotatable Groups  Excluded Volumes
Endlosing box

The docked ligand is confined to the enclosing box. 8 Display box
Center:
© centroid of Workspace ligand (selected in the Receptor tab)
O Centroid of selected residues: Specify Residue:
O supplied X,Y,Z coordinates:
Size:
© Dock ligands similar in size to the Workspace ligand
O Dock ligands with length <= 0 A

Advanced Settings... )

Ligand diameter midpoint box

The diameter midpoint of each docked ligand is required to remain within smaller,

nested box depicted in green.
Size:

Job name: glide-grid_2 Box length in X: Boizia
Box length in Y: I 3513{A
Box length in Z: I 30 13{A

Host=localhost

Figure NO.16.Docking

2.3. Preparation of Test Compound:

For MTT assay, Each Test compounds were weighed
separately and dissolved in DMSO. With media
make up the final concentration to 1 mg/ ml and the
cells were treated with series of concentrations
from 10 to 100 pg/ ml

3. MTT ASSAY:

3.1 Principle:

MTT Assay is a colorimetric assay that measures the
reduction of yellow 3-(4,5-dimethythiazol- 2-yl)-
2,5-diphenyl tetrazolium bromide (MTT) by
mitochondrial succinate dehydrogenase. The assay
depends both on the number of cells present and,
on the assumption, that dead cells or their products
do not reduce tetrazolium. The MTT enters the cells
and passes into the mitochondria where it is
reduced to an insoluble, dark purple colored
formazan crystals. The cells are then solubilized
with a DMSO and the released, solubilized formazan
reagent is measured spectrophotometric ally at 570
nm.

3.2 Procedure:

Cell viability was evaluated by the MTT Assay with
three independent experiments with five
concentrations of compounds in triplicates. Cells
were trypsinized and preform the tryphan blue
assay to know viable cells in cell suspension. Cells
were counted by haemocytometer and seeded at
density of 5.0 X 10 3 cells / well in 100 pl media in
96 well plate culture medium and incubated
overnight at 37 0 C. After incubation, take off the old
media and add fresh media 100 pl with different
concentrations of test compound in represented
wells in 96 plates. After 48 hrs., Discard the drug
solution and add the fresh medic with MTT solution
(0.5 mg / mL-1) was added to each well and plates
were incubated at 37 0 C for 3 hrs. At the end of
incubation time, precipitates are formed as a result
of the reduction of the MTT salt to chromophore
formazan crystals by the cells with metabolically
active mitochondria. The optical density of
solubilized crystals in DMSO was measured at 570
nm on a microplate reader. The percentage growth
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The Ic50 value was determined by using linear
regression equation i.e. Y =Mx+C. Here,
Y = 50, M and C values were derived from the

inhibition was calculated using the following
formula.

100 (Control - Treatment)

% Inhibition = viability graph.
Control
4.1.a Twigs Methanolic:
Table -3
Concentration Absorbance at | , oy ees . qe1s
% Inhibition % Viabili IC
(ng) 570nm ° ’ v 50 (ng)
5 0.394 14.9 85.1
10 0.342 26.13 75.87
25 0.238 48.59 51.41
50 0.156 66.3 33.7
100 0.087 81.2 18.8
Untreated 0.463 0 100 42.45+0.754
Blank 0 0 0
Table -4
Concentration | % Figure -17
(ng) Viability 100 -
5 85.1
> 80 - -
10 7587 Z ) y =-0.6685x + 78.379
I R R? = 0.8698
25 51.41 2w
o0 | TSN
50 33.7 S
100 88 (| =~ 3
0 T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100
Concentration (ug)

50pg (M)

100ug (M)
Figure no -18 .Methanolic twigs
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4.1.bTwigs Ethyl acetate:
Table -5
Concentration Absorbance
o - o/ Viahils
(1g) at 570nm % Inhibition 0% Viability | ICso (ng)
5 0.426 7.99 92.01
10 0.374 19.22 80.78
25 0.297 35.85 64.15
50 0.212 54.21 45.79
100 0.153 66.95 33.05
Untreated 0.463 0 100 60.46+0.913
Blank 0 0 0
Table -6 Figure-19
Concentration | % =Rt e S YoREESLLSs T
(ug) Viability = ol 00 Telm
5 92.01 e
10 80'78 (1] 10 20 c::::.c:l:.trﬁ:ti:: (:ll;) 80 90 100
25 64.15
50 45.79
100 33.05

4.1. Twigs Hexane :

50pg (E)
Figure no:20 Ethyl acetate Twigs

100pg (E)

Table-7

j;g“;entmtmn ??(s)(l)lll'll:ance At | o Inhibition | % Viability | ICso(ng)

5 0.448 3.23 96.77

10 0.422 8.85 91.15

25 0.374 19.22 80.78

50 0.295 36.28 63.72

100 0.213 53.99 46.01

Untreated 0.463 0 100 86.73+1.587
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| Blank o o K | |
Table-8 Figure-21

: 100 =-0.5271x + 95.716
fon)centratlon % Viability :T 20 y X+
ug =60 e
5 96.77 E 40
10 91.15 2 Zg
25 80.78 0 10 20 30 40 50 60 70 80 90 100
50 63.72 Concentration (pg)
100 46.01

\ s -

A - > e
50ug(H) 100pg (H)
Figure no -22.Heaxane Twigs

4. 1.d.Twigs Butanolic:

Table-9
Absorbance at
Concentration (ug) 570nm % Inhibition % Viability ICs0 (ng)
5 0411 11.23 46.19
10 0.368 20.51 79.49
25 0.252 45.57 54.43
50 0.173 62.63 37.37
100 0.134 71.05 28.95
Untreated 0.463 0 100 36.05+0.614
Blank 0 0 0
Table-10
Figure -23
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Concentra %% 100
tion (ug) Viability L. 80 y =-0.3672x+63.24
5 46.19 = s sy
=
10 79.49 -
s 20
25 54.43 o
50 37_37 0 10 20 30 40 S0 60 70 80 90 100
100 >3.05 Concentration (pg)

o
y A\ 7 i )\ a7 !
Sug (B) 10ug (B) 25pg (B)
S.No SAMPLE IC50 (pg)
NAME
1 ™ 42.45+0.754
2 TE 60.46+0.913
3 TH 86.73+1.587
4 TB 36.05+0.614
5 Cisplatin(p | 5.78+0.126
M)

T
50ug (B)

100pg (B)

Figure no -24. Butanolic twigs

SUMMARY :

Test compounds treated with MCF 7, HepG2 cells
showing the IC 50 values are as follow in the table
provided

Summary and Conclusion:

This study evaluated the cytotoxic potential of
different solvent extracts (methanolic, butanolic,
hexane, and ethanolic) derived from Camellia
sinensis twigs using MTT assay and in silico
molecular docking. The results revealed that the
methanolic extract exhibited the highest cytotoxic
activity, particularly against MCF-7 breast cancer
cells, with the lowest IC50 value. Butanolic and
ethanolic extracts also showed moderate cytotoxic

effects, whereas hexane extract had the least
activity.

Molecular docking studies demonstrated strong
binding interactions of the extracted compounds
with target proteins (6MTU and 6YQ4), indicating
their potential anticancer mechanisms. Notably,
catechin gallate and theaflavins exhibited the most
promising docking scores, suggesting their role in
inhibiting cancer cell proliferation.

In conclusion, the findings highlight the potential of
Camellia sinensis twig extracts as promising sources
of bioactive compounds for anticancer applications.
Further studies, including in vivo investigations and
compound isolation, are essential to validate their
therapeutic efficacy and safety.
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