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Abstract  Receptors for growth factors encompass within
the superfamily of receptor tyrosine kinases and are known to
regulate numerous biological processes including cellular
growth, proliferation, metabolism, survival, cell differentiation
and apoptosis. These receptors have recently caught the
attention of the researchers as an attractive target to combat
cancer owing to the evidence suggesting their over-expression
in cancer cells. Therefore, we studied receptor-based molecular
docking of IR (PDB; 3ETA), IGFIR (PDB; 1K3A), EGFR
(PDB; 1M17), VEGFIR (PDB; 3HNG), and VEGFIIR (PDB;
20H4) against natural compounds. Further, in vitro investiga-
tion of the biological effect of lead molecules in an array of
cancer cell lines was done. All selected natural compounds
were docked with the X-ray crystal structure of selected protein
by employing GLIDE (Grid-based Ligand Docking with
Energetics) Maestro 9.6. InterBioScreen natural compounds
docked with each selected protein molecules by using GLIDE
high throughput virtual screening. On the basis of Gscore, we
select 20 compounds along with 68 anticancer compounds for
GLIDE extra precision molecular docking. It was discovered in
this study that compound epigallocatechin gallate (EGCG)
yielded magnificent Gscore with IGFIR (PDB; 1K3A) and
VEGFIIR (PDB; 20H4), and protein—ligand interactions are
chart out. Effect of EGCG on biological activity such as mRNA
expression of selected protein, cell proliferation, oxidative
stress, and cell migration was reported after the 48 h treatments
in cancer cell lines. The RT-PCR densitometric bands analysis
showed that compound EGCG reduced the mRNA expression
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of IGFIR, VEGFIIR, and mTOR at 80 uM concentration.
Moreover, EGCG significantly reduced cell proliferation and
ROS generation after 48 h treatments. Our result also indicated
a reduction in the potential for cell migration that might show
in vivo anti-metastasis activity of EGCG.

Keywords Cancer - InterBioScreen library - Natural
compounds - Maestro 9.6 - In silico - In vitro

Introduction

Development of cancer multidrug resistance is a decisive
factor in the defeat of copious chemotherapy including in
blood cancers and solid tumors, such as breast, prostate,
lung, and lower gastrointestinal tract cancers. Tumor cells
are of two types: drug-sensitive and drug-unresponsive cells;
cancer chemotherapy kills drug-sensitive cells but leaves
drug-unresponsive cell. After cancer chemotherapy, drug-
unresponsive cell develops drug resistant [1]. Radiotherapy
can demolish healthy cells as well as destroy cancer cells
and cause treatment side effects. Many factors are respon-
sible for the development of drug resistance: (1) one or more
mutations in target proteins, (2) increase in the activity of
drug efflux pumps (ATP-binding cassette superfamily), (3)
decreased drug influx, and (4) transformed expression of
apoptosis and anti-apoptotic proteins [2]. Chemosensitiza-
tion, radiosensitization, and cancer interception are a pre-
requisite for the enhancement of drug activity against
cancer. Natural compounds and its derivatives, analogs,
increase the chemosensitization and radiosensitization of
drug [3]. Natural products are a prime source of new anti-
cancer drugs and new drug leads. The plant-based devel-
opment of anticancer agents including plants (vincristine and
irinotecan), marine organisms (cytarabine and aplidine) and
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microorganisms (dactinomycin and doxorubicin) added a
new concept for cancer drug discovery. Comprehensive
studies have confirmed that the most plentiful constituent in
green tea is EGCG, which controls processes related to
tumor development, highlighted in different cell lines sys-
tems, animal models and clinical trial [4—6]. The anticancer
activity of EGCG may be accredited to the combinatory
effects on multiple targets that are determinant for cell
proliferation and apoptosis. Receptor tyrosine kinase such as
epidermal growth factor (EGFR), insulin receptor (IR),
insulin-like growth factor 1 receptor (IGF1R), and vascular
endothelial growth factor receptor (VEGF2) are well known
to synchronize many biological processes including cellular
growth and apoptosis [7]. These receptors have recently
caught the consciousness of the researchers as a stunning
target to combat cancer owing to the proper documentation
suggesting their over-expression on cancer cells. Number of
reports confirm that, Green tea diminish the cell proliferation
and promoted to cancer cell for growth inhibition in diverse
cancer cells including colorectal, hepatocellular carcinoma
cells, SW480 colon cancer cells, SV40 virally transformed
WI38 human fibroblasts (WI38VA), prostate cancer, and
Ishikawa cells [8-13].

Receptor tyrosine kinases (RTKs) are one of the most
activated cell surface receptors for copious polypeptide
growth factors, cytokines, and hormones that play a remark-
able role in blood cancers and solid tumors [14]. RTKSs have
been shown not just to be the key regulators of normal cellular
processes but additionally to imitate a critical role in the
growth and development of a variety of cancer. Overexpres-
sion or overactivity of tyrosine kinase receptor has been
described in some tumors, including prostate, breast, lung, and
ovarian cancers. Several informative results demonstrated that
a natural compound endeavors its anticancer activity by tar-
geting cell surface protein molecules; the underlying molec-
ular mechanisms are slightly understood. Moreover, multi-
target-implicated therapeutics involves discovering a single
agent that can work on two or more targets at the same time
recently comes in the picture. It is speculated that this
approach is pharmacologically more remarkable because of
the easy accessible to the prediction of ADME/T properties of
individual compounds. In the present study, we discover
multi-targeted natural compounds for receptor tyrosine kina-
ses inhibitors and biological evaluation of cancer cell lines by
employing in silico and in vitro approach.

Materials and methods
Selection of ligand and protein molecules

Schematic diagram of the workflow study design is
demonstrated in Fig. 1. Ligand molecules were selected in
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our study: (a) IBS natural compound library (In-
terBioScreen Ltd) and (b) anticancer natural compounds
having anticancer activity are reported in published liter-
ature, but mechanism of action is still awaited [15-20].
These 68 anticancer natural compounds (Table 1) are
reported in our previously published article [21, 22].
Ligands were prepared by using LigPrep module of the
Maestro 9.6 application. LigPrep performs many correc-
tions on the ligands, such as the addition of hydrogens, 2D-
3D conversion, corrected bond lengths and bond angles,
low-energy structure, and ring conformation. Apart from
that another parameter such as ionization does not change,
tautomers not created and retain particular charities gen-
erate at most one per ligands were used as a default
parameter in Maestro 9.6. After that all atom force field
charges and atom types were assigned by the optimized
potential for liquid simulations (OPLS_2005) force field
[23-25]. Finally, one conformation for each ligand was
generated, and ligands are ready for docking. The X-ray
structure of the IR (PDB; 3ETA), IGFIR (PDB; 1K3A),
EGFR (PDB; 1M17), VEGFIR (PDB; 3HNG), VEGFIIR
(PDB; 20H4), and AR (PDB; 2PIV) is retrieved from the
protein data bank. Maestro 9.6 protein preparation wizard
application was performed for the correction of raw PDB
structure, where changes such as addition of hydrogen
atoms, assigning bond orders, creation of zero-order bonds
to metal, creation of disulfide bonds, fixing of the charges
and orientation of groups were incorporated into the raw
PDB structure.

Molecular docking

In silico molecular docking protocol was adapted from our
published literature [21-24]. Receptor-based molecular
docking was conducted using GLIDE software from Schro-
dinger suite [25-27]. Each of these compounds was docked
into target protein accordingly with positions, orientations,
and conformations of the ligand in the receptor binding site,
and the docking structure possessing the lowest energy was
preferred. We studied receptor-based molecular docking of IR
(PDB; 3ETA), IGFIR (PDB; 1K3A), EGFR (PDB; 1M17),
VEGFIR (PDB; 3HNG), and VEGFIIR (PDB; 20H4) against
natural compounds. In the present study, we screened
approximately 50,000 natural compounds from the IBS. All
natural compounds were docked with the X-ray crystal
structure of chosen protein by employing GLIDE Maestro 9.6.
IBS natural compounds docked with every selected protein
molecules by using HTVS. In order to provide a better cor-
relation between right poses and good scores, GLIDE-XP
mode was subsequently used on the conformations selected
from HTVS mode. On the basis of Gscore, we select 20
compounds along with 68 anticancer compounds for GLIDE-
XP molecular docking. After the completion of ligands and
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Fig. 1 Workflow of screening
of multitargeted compound and
biological effect in cancer cell
lines

[Multitargeted Molecular Docking)

}’roteins

f
Ligands

(InterBioScreen Ltd, 50,00

Natural compounds library
0
compounds)

EGFR (PDB; 1M17), VEGFIR (PDB;
3HNG), VEGFIIR (PDB; 20H4)

IR(PDB;3ETA), IGFIR (PDB;1K3A),J

- J

68 Anticancer natural compounds Y

having anticancer activity reported
in publish literature, but mechanism

(Glide HTVS (Maestro 9.3 and 9.6))

of action still awaited (Cho and Park, *

2008; da Rocha et al., 2001; Hillman,
2012; Phosrithong and Ungwitayatorn,

[Selected top 20 compounds from each protein)

2010; Sarkar and Li, 2006; Sunil, 2012) +

Redocking Glide extra precision (20 and 68 anticancer natural
compounds) and predicted ADME/T properties

{Protein-ligands interactions

proteins preparation, a receptor grid file was generated. For
running the grid generation module, we have scaled van der
Waal radii of receptor atoms by 1.00 A witha partial atomic
charge of 0.25 as default setting of Maestro 9.6. The active site
of the receptor maintain a precise scoring function with
thermodynamically most favorable energy and is calculated
on a grid by various sets of fields. After the formation of the
receptor grid file, flexible ligands with rigid-receptor-based
molecular docking were performed. The best-fit compounds
have been chosen for each target by optimal energy value and
types of interactions.

Absorption, distribution, metabolism, excretion,
and toxicity (ADME/T) properties studies

The majority of drug candidates do not succeed in clinical
trials due to poor toxicology assessments (ADME/T). Thus,
ADME/T properties of best-docked compounds were pre-
dicted using QikProp application of Maestro 9.6 (structural,
physicochemical, biochemical, pharmacokinetics, and
toxicity properties). It predicts intrinsic properties of the
molecules (drug-like properties) such as octanol/water
partition, log BB, overall CNS activity, log IC50 for Herg
K+ channel blockage, Caco-2, MDCK cell permeability
and logKhsa for human serum albumin binding [28, 29].

Y

[Selected EGCG as a multi-targeted best docked Iigand)
* In vitro

Cell proliferation assay (MTT)
Polymerase chain reaction (Q-PCR)
Intracellular ROS by using DCFH-DA
Cell migration Assay

Y

Statistical analysis )

Reagents

DMEM media, 1 % penicillin/streptomycin, and fetal
bovine serum (FBS) were procured from Invitrogen, and
Ham’s F-12 media were from Himedia. EGCG was pur-
chased from MP Biomedicals Pvt Ltd and dissolved in
dimethylsulfoxide (DMSO) as a 20MM stock solution. The
final dilution was done in culture medium at a DMSO
concentration of 0.25 % (vol/vol).

Cell lines

Hepatocellular carcinoma (HepG?2), lung carcinoma (A549
and H460) and prostate cancer (PC3), and human cell lines
were procured from NCCS, Pune, India. Cells were grown
in NCCS recommended phenol red media containing 10 %
FBS and 1 % penicillin/streptomycin and have to maintain
in a 37-centigrade incubator with 5 % CO, humidified
atmosphere.

Total RNA isolation, cDNA synthesis,
and quantitative RT-PCR

One million cells per well were plated in the six-well
culture plate media supplemented with 10 % FBS and 1 %
penicillin and streptomycin and then incubated at 37 °C
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Table 1 List of PubChem molecules screened in this study with structural and physicochemical parameters (21, 22)

S.N. Comp. Mol. wt. Volume H-bond H-bond QPlogP oct QPlog Pw QPlog P . QPlogS mol/
(CID) (130-725)  (500-2000) donor (0-6) accp. (2-20) (8.0-35.0)  (4.0-45.0) (—2.0t06.5)  L(—6.5 to 0.5)
1 73641 488.706 1431.329 4 7.1 25.992 14.438 4.231 —5.37
2 73659 472.707 1414.592 3 5.4 23.674 11.514 5.168 —6.242
3 91469 242274 798.666 2 2.25 13.082 8.215 2.761 —3.579
4 245005 645.745 1754.494 3 16.95 33.013 22.138 1.963 —2.418
5 259846 426.724 1378.31 1 1.7 17.885 4.492 7.043 —7.907
6 261265 430.626 1387.41 2 6.15 21.018 10.026 4.381 —6.176
7 440917 136.236 621.544 0 0 5.044 —0.203 3.99 —4.003
8 441794 496.553 1351.712 5 12.35 28.735 20.523 1.144 —3.268
9 442793  294.39 1090.905 1 4.2 13.232 5.745 3.766 —4.42
10 445154 228.247 786.572 3 2.25 13.599 9.347 2.012 —2.803
11 176870 393.441 1226.24 1.5 7.4 18.347 10.736 3.942 —4.335
12 10184653 485.945 1449.822 2 9.45 25.015 14.39 3.847 —5.269
13 208908 581.06 1674.641 1 8.25 26.434 13.376 5.881 —6.837
14 5328779 294.309 980.124 3 5.5 17.809 12.771 1.849 —4.481
15 123631 446.908 1262.744 1 7.7 19.692 10.252 3.898 —3.559
16 932 272.257 840.858 2 4 14.728 10.219 1.658 —3.47
17 2044 305.173 871.406 1 3.75 12.522 6.462 2.434 —4.415
18 2543 310435 1122.807 1 1.5 13.745 4.396 5.604 —6.637
19 3220 270.241 808.031 1 4.25 12.607 8.522 1.258 —3.07
20 5350 177.279 661.995 0 6.5 9.242 8.882 0.535 0.827
21 9064 290.272 872.256 5 5.45 19.89 15.596 0.481 —2.609
22 10494  456.707 1401.838 2 3.7 21.162 8.308 6.238 —7.067
23 16078 314.467 1147.852 1 1.5 13.759 3.962 5.694 —6.774
24 64945 456.707 1387.747 2 3.7 20.965 8.275 6.125 —6.917
25 65064 458.378 1255.716 8 8.75 31.171 23.925 —0.24 —3.547
26 68077 372.374 1098.572 0 6.25 15.512 7.736 3.31 —3.466
27 72276 290.272 872.747 5 5.45 19.683 15.562 0.494 —2.587
28 72277 306.271 892.592 6 6.2 21.772 17.64 —0.17 —2.356
29 72281 302.283 919.955 2 4.75 15.742 10.473 1.803 —3.782
30 72326 442.724 1393.324 2 34 20.187 7.483 5.92 —6.784
31 446925 536.882 2240.509 0 0 21.45 —4.618 19.06 —21.136
32 457964 338.486 1040.152 4 5.85 19.237 12.383 1916 —3.138
33 3035241 323.822 1004.466 2.5 6.25 17.869 11.099 2.03 —2.845
34 5270604 426.724 1374.435 1 1.7 18.141 4.741 7.024 —8.012
35 5280343 302.24 883.724 4 5.25 18.67 14.544 0.522 3.1
36 5280373 284.268 860.146 1 3.75 13.02 8.02 2.522 —3.523
37 5280443 270.241 822.143 2 3.75 14.898 10.217 1.644 —3.374
38 5280445 286.24 843.558 3 4.5 16.591 12.301 0.96 —3.096
39 5280789 538.898 2258.34 0 0 21.818 —4.468 19.12 —21.322
40 5280863 286.24 840.186 3 4.5 16.394 12.278 1.059 —3.057
41 5280896 264.321 879.908 2 4.75 13.913 8.701 2.18 —2.772
42 5280899 568.881 2125.203 2 34 25.936 5.687 10.56 —12.471
43 5280961 270.241 807.798 2 3.75 14.142 9.887 1.678 —3.014
44 5281605 270.241 818.653 2 3.75 15.089 10.185 1.757 —3.317
45 5281607 254.242 799.678 1 3 12.869 8.121 2.386 —3.647
46 5281612  300.267 901.458 2 4.5 15.652 10.473 1.79 —3.694
47 6441009 785.023 2136.644 9 21.15 48.098 33.717 1.359 —2.85
48 6857485 276.504 1033.576 0 0 10.507 —0.266 8.832 —9.421
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Table 1 continued

S.N. Comp. Mol. wt. Volume H-bond H-bond QPlogP oct QPlog Pw QPlog P .y QPlogS mol/
(CID) (130-725)  (500-2000) donor (0-6) accp. (2-20) (8.0-35.0) (4.0-45.0) (—2.0to 6.5) L(—6.5t0 0.5)

49 11353973 479.965 1419.846 2 6.4 24.197 12.538 5.001 —7.537

50 11476171 439.559 1456.758 2 3.25 22.132 9.911 6.748 —8.739

51 11640390 421.501 1336.398 3 4.75 24.019 13.923 5.015 —7.393

52 24785538 461.501 1398.675 3 7.5 26.47 15.152 4.164 —6.935

53 46881851 439.559 1458.756 2 3.25 22.144 9.957 6.742 —8.831

54 56603750 678.82 1960.352 8 14 41.827 28.302 2.644 —5.369

55 57390076 515.66 1691.49 4 8 29.212 15.987 4.552 —6.261

56 5281614 286.24 841.842 4 5.5 18.889 14.744 0.5 —2.796

57 5281616 270.241 817.4 2 3.75 14.551 10.181 1.794 —3.308

58 5281670 302.24 858.752 4 5.25 19.268 14.332 0.41 —2.755

59 5281672 318.239 882.348 5 6 20.432 16.443 —0.28 —2.564

60 6917781 805.013 2188.868 5 14.05 39.445 21.319 6.229 —6.364

61 9548699 274.489 963.039 0 0 9.861 —0.523 8.186 —8.689

62 9548711 278.52 1081.566 0 0 10.365 —1.273 9.272 —-9.918

63 9825149 453.586 1502.475 2 5.25 23.868 11.935 5.735 —7.262

64 9910986 401.846 1141.405 2 6.7 20.745 12.793 2.369 —-3.673

65 5281707 268.225 774.132 2 4.5 14.593 10.923 1.319 —-2915

67 5281708 254.242 787.865 2 4 14.141 10.264 1.774 —2.957

68 6436722 542.93 2281.771 0 0 22.431 —4.283 18.96 —21.565

Compounds: PubChem molecules screened in this study
Molecular weight (<500 Da)

Volume: estimated number of hydrogen bonds that would be accepted by the solute from water molecules in an aqueous solution. Values are
averages taken over a number of configurations, so they can be non-integer

Hydrogen bond donors (<5)

Hydrogen bond acceptors (<10)

QP log Poct: predicted partition coefficient of octanol/gas (8.0-35.0)
QP log Pw: predicted partition coefficient of water/gas (4.0-45.0)

Plog Pw: predicted octanol/water partition co-efficient log p (recommended range —2.0 to 6.5)

QPlog S: predicted aqueous solubility; S in mol/L (acceptable range —6.5 to 0.5)

overnight with 5 % Co,. Cells were exposed to EGCG
80 uM for 48 h. After 48 h, total RNA was extracted using
TRI reagent (Life Technologies, Gaithersburg, MD, USA).
RNA was quantified by 260/280 nm absorbance and
agarose gel electrophoresis. Yield and purity were verified
by absorbance (optical density), and the absorption ratio
A260 nm/A280 nm between 1.93 and 2.06 was taken into
consideration for cDNA preparation. For cDNA synthesis,
1 pg of total RNA was reverse-transcribed into cDNA
using a high-capacity PrimeScript first-strand cDNA Syn-
thesis Kit (Takara Bio Inc). cDNA, stored at —80 °C prior
to PCR amplification, was amplified using the DNA
amplification kit (Genei). List of primers used in this study
for RT-PCR shown in Table 2. Consequently, gene
expression was quantified by RT-PCR by using Veriti®
96-well fast thermal cycler (Applied Biosystems). The
cycling parameters were optimized as follows: start at
60 °C for 2 min, followed by activation at 95 °C for 5 min,

denaturing at 95 °C for 30 s, annealing at 60 °C for 45 s,
and elongation at 72 °C for 45 s, repeated for 40 amplifi-
cation cycles [30]. Products of RT-PCR obtained were
separated by gel electrophoresis to confirm correct ampli-
fication and size. Water was used to detect primer—template
cDNA interactions. Further, GAPDH and [-actin were
used as a housekeeping gene to assure equal loading of the
sample. Gel picture was taken by using automated image-
capture and analyzed using system Gel Doc™ XR with
Image Lab™ Software. Gel band intensities of PCR pro-
duct were then calculated with Bio-Rad’s Image Lab
software tool.

Protocol for MTT assay
MTT assays were performed to evaluate the cell inhibitory

effects of EGCG on A549 and PC3 cells. Approximately
7 x 10° cells per well were seeded in 96-well plates with
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Table 2 Primer sets used for
amplification

%]
=
=
o

Name of gene

Forward primer (5'-3')

Reverse primer (5'-3")

VEGFR-2
IGFIR
mTOR
EGFR
Bcel-2

Bid
B-Actin
GAPDH

(eI e Y R SR

5'GCGGGCTCCTGACTACAC3'
TTAAAATGGCCAGAACCTGAG
CCAACAGTTCACCCTCAGGT
5’ATGCCCGCATTAGCTCTTAG3’
CATGTGTGTGGAGAGCGTCAA
GCTGTATAGCTGCTTCCAGTGTA
GTGGGGCGCCCCAGGCACCA
ACGGATTTGGTCGTATTGGGCG

5'CCAAATGCTCCACCAACTCTG3'

ATTATAACCAAGCCTCCCAC
GCTGCCACTCTCCAAGTTTC
5'GCAACTTCCCAAAATGTGCC3'
GCCGGTTCAGGTACTCAGT CA
GCTATCTTCCAGCCTGTCTTCTC
CTCCTTAAGTCACGCACGATTTC
CTCCTGGAAGATGGTGATGG

media containing 10 % FBS and 1 % penicillin and
streptomycin. After 24-h incubation, the media were dis-
carded and added FBS free media for serum starvation. The
cells were exposed to the EGCG containing 5 % media and
incubated for 48 h. At the end of the incubation period,
media were disposed of, and 100 pl of MTT (0.5 mg/ml) in
PBS was added. Cells were incubated at 37 °C for 4 h. The
supernatant was removed from the wells, and the reduced
MTT dye was dissolved with 200 pl/well DMSO. Absor-
bance was measured by using fluorescence microplate
reader (Synergy/H1) with a wavelength of 570 nm.

Determination of intracellular reactive oxygen
species (ROS)

The levels of ROS were determined quantitatively by using
2, 7-dichlorodihydrofluorescein diacetate (DCFH-DA).
7 x 107 cells per well were plated in the 96-well tissue
culture media containing 10 % FBS and 1 % penicillin/
streptomycin and then incubated at 37 °C with 5 % CO,
overnight. After 24-h incubation, the media were discarded
and FBS free media were added to carry out serum star-
vation. Next day, the media were replaced with 200 puL of
fresh complete medium containing varying concentrations
of compounds. After 48 h, the supernatants were removed,
and cell layers were washed with PBS and incubated after
re-suspending in 100 pL. 5 pM CM-H,DCFDA, and the
plates were placed into an incubator for 4 h. Subsequently,
the fluorescence intensity was measured at an excitation
wavelength of 485 nm and emission wavelength of 530 nm
using a fluorescence microplate reader (Synergy/H1).

Cell migration assay (in vitro wound-healing assay)

In vitro, the wound-healing assay was performed as described
previously [31, 32]. In brief, cells were seeded in a six-well
plate and grown overnight to the confluence. After 24 h,
cultures were replaced with fresh medium containing 0.5 %
FBS (control) or the same medium containing concentration-
dependent treatment EGCG. Monolayer cells were scratched
with a-200 pL pipette tip to create a wound and keptina 37 °C

@ Springer

containing 95 % air and 5 % CO,. After 48 h, cells were
washed twice with DMEM to remove floating cells. The rate
of wound closure was assessed and photographed after 48 h,
and scale bars to images using ImageJ were added.

Statistical analysis

Statistical values are expressed as the mean + SEM (Sig-
maPlot). The significance of the difference between the
control and each experimental test condition was analyzed
by Kruskal-Wallis one-way analysis of variance on ranks
followed by Tukey’s multiple range tests. The value of
p < 0.05 was considered statistically significant.

Results and discussion

EGCG has excellent Gscore when docked
with proteins IGF1R and VEGFIIR

This study is a concentrated to explore the potent multi-
targeted inhibitor against RTKSs employing molecular
docking approach. Molecular docking of IR, IGFIR,
EGFR, VEGFI, and VEGFII RTKs against natural com-
pounds has been carried out. First, we performed HTVS of
IBS against the IR, IGF1R, EGFR, VEGFIR, and VEG-
FIIR. Further, 20 best compounds from each protein
molecules that possess minimal Gscore along with 68
natural compounds molecular docking were performed
using the XP mode of GLIDE. In the present investigation,
our result highlighted that EGCG yielded a preeminent
dock score for proteins IGFIR and VEGFR-2. Protein—
ligand interactions accentuated that the lipophilic, hydro-
gen bonding, m—n stacking, and cation—7 interactions rep-
resent a ruling contribution at the active site. Molecular
docking operation distinguishes the foremost docking free
energy value (Gscore) against these receptor molecules.
Deliberated Gscore from molecular docking yielded mini-
mum energy for EGCG with proteins IGF1R and VEGFR2,
—9.72 and —11.03 kcal/mol, respectively. Nevertheless,
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Table 3 Lowest binding energy for the ligand—-IGFIR (PDB, 1K3A) protein interaction as detected by GLIDE molecular docking

Ligand type Compounds Gscore  Lipophilic H Electro Protein-ligand interactions
ID Evdw bond
IGFR, tyrosine kinase inhibitors CID11353973 —-5.83 —4.11 —196 —0.69 Gly 976, GIn977, Met1052, and Asp1123
(control) CID46881851  —5  —3.46 —1.66 —0.72 Lys1003 and GIn977
CID9825149 —4.84 —-352 —-1.58 —-0.68 -
CID3035241 —4.82 =272 —142 —-0.67 Lys1003
Anticancer natural compounds CID65064 -9.72 =277 -533 -2 GIn977, Lys1003, Glul050, Met1052, and
Aspl123
CID44179%4 —7.84 —-334 —-35 —1.09 Aspl056
CID5281670 —-7.82 =2.11 —4.18 —1.42 Leu975, GIn977, and Gly1122
CID5281672 —7.68 —1.38 —4.35 —1.86 Leu975, Gly1122, and Asp1123
CID6917781 742 =325 —3.24 —1.07 Lys1003, Glul013, Argl1012, and Asp1056
IBS STOCKIN- —10.73 -3.64 —5.54 —1.94 Glul050, Metl1052, Asp1056, and Asp1123
54535
STOCKIN- —10.28 —3.91 —-5.07 -2 Aspl1056 and Asp1123
61631
STOCKIN- —-9.95 —-3.66 —4.81 -2 Glul1050, Met1052, Asp1056, and Asp1123
50260
STOCKIN- -9.71 -3.23 —4.59 -2 Asp1056 and Aspl1123
57549
STOCKIN- -942 -234 —34 —1.25 Glul050 and Met1052
68861

Table 4 Lowest binding energy for the ligand—VEGFR-2 (PDB, 20H4) protein interaction as detected by GLIDE molecular docking

Ligand type Compounds ID  Gscore Lipophilic H Electro Protein-ligand interactions
Evdw bond
VEGFR2, inhibitors CID6450551 —1145 —-547 —1.38 —0.77 Lys866, Glu883, Val912, Glu915, and
(control) Phe1045
CID11525740 —-9.32 —6.05 —1.37 —0.59 Lys866 and Cys917
CID3081361 —-7.36 —5.1 -1 —0.18  Cys917 and Phel045
CID9809715 —4.05 -—2.47 —1.6 —-0.7 -
Anticancer natural CID5280343 —11.07 —4.69 —2.84 —1.24 Lys866, Glu883, Val912, Cys917, and
compounds Phe1045
CID65064 —11.03 -5.02 —3.8 —1.08  Ala864,Glu883, Val912, Glu915, and
Aspl1044
CID5280445 —10.83 —4.83 —237 —1.19 Lys866, Glu883, Val912, Cys917, and
Phe1045
CID5281672 —10.76  —3.69 —3.82 —1.48 Lys866, Glu883, Aspl1044, and Phel045
CID72277 —10.75 —4.18 —3.77 —1.49 Lys866, Glu883, Val912, Cys917, and
Phe1045
1IBS STOCKIN- —1231 —-6.5 -5 —2.97 Lys866, Glu883, Val912, Cys917, and
24948 Phe1045
STOCKIN- —11.9 =557 —4.51 —1.32 Glu883, Val912, Cys917, Aspl1044, and
08247 Phe1045
STOCKIN- —11.79 -2.99 —544 —1.36 Glu883
75618
STOCKIN- —11.63 —-545 —5.75 —1.33 Cys917 and Aspl1044
69130
STOCKIN- —11.56 —4.78 —6.51 —1.24 Cys917, Aspl044, and Phel045
74472
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SER 1059

TYR 1060

oS ALA 864

PHE 916

LYS 918

Fig. 2 a Ribbon presentation of IGFIR (PDB; 1K3A) protein
molecule with CID65064, b protein-ligand interactions profile of
1K3A with CID65064, ¢ ribbon presentation of VEGFR-2 (PDB;

this study tremendously introduces novel classes of multi-
target natural compounds. The crystal structure of the
IGFIR (PDB, 1K3A) has been determined by 2.1-A reso-
lution. Furthermore, the structure of the 1K3A complex
with EGCG highlighted that the lipophilic, electrostatic
hydrogen bond, n—n stacking, and cation—n interactions are
key contributors in protein-ligand interactions. Protein—li-
gand interactions of 1K3A with EGCG showed that amino
acids Val983, Leu975, Alal001, Vall033, Metl1049,
Leul051, Met1052, Met1112, and Phe1124 appeared in the
hydrophobic interactions. Furthermore, amino acids
Lys1003 and Aspl123 were involved in side-chain
hydrogen bond formation, whereas amino acids GIn977,
Glul050 and Met1052 in backbone hydrogen bonding of
protein—ligand interactions (Table 3). Moreover, the crystal
structure of the VEGFIIR (PDB, 20H4) has been

@ Springer

20H4) protein molecule with CID65064, d protein—ligand interactions
profile of 20H4 with CID65064

determined by 2.05 A resolutions. Further, it was observed
that amino acids Leu838, Val846, Ala864, Val865,
[1e1086, 11e890, Phe916, Cys917, 11e913, Val91l4,
Leul033, Cys1043, and Phel1045 form hydrophobic inter-
actions during protein—ligand interactions of 20H4 with
EGCG. Consequently, it was shown that amino acid
Glu883 was included in side-chain hydrogen bonding and
amino acids Ala864, Val912, Glu915, and Aspl044
involved in backbone hydrogen bonding (Table 4). More-
over, IBS natural compounds STOCKIN-54535,
STOCKIN-61631, STOCKIN-50260, STOCKIN-57549,
and STOCKIN-68861 have better Gscore —10.73, —10.28,
—9.95, —9.71, and —9.42 kcal/mol, respectively, when
docked with 1K3A. However, STOCKIN-24948,
STOCKI1N-08247, STOCKIN-75618, STOCKIN-69130,
and STOCKIN-74472 have excellent Gscore —12.31,
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Fig. 3 ADME/T properties.
Structural, physicochemical,
biochemical, pharmacokinetics,
and toxicity properties of
compound EGCG were
examined by using the QikProp
application of Maestro 9.6

Structural and physiochemical properties of EGCG
Mol MW 458.378

Dipole 6.825

SASA 696.587

FOSA 49.798 HO.
FISA 420.571

PISA 226.217 ~0
Volume 1255.723

OH

Evaluation of drug-like prorerties of the EGCG
QPlogPo/w -0.243
OH  QPlogS -3.547
CIQPlogS -5.549
OH QPIogHERG -5.716
QPPCaco 1.018
QPlogBB -4.333

QPPMDCK 0.288
Donor HB 8 OH o OH QPlogkp -7.514
Accpt HB 8.75 QPlogKhsa -0.439

OH
OH
Epigallocatechin Gallate
CID65064
Molecular weight (<500 Da). QPlogPo/w-Predicted octanol/water partition coefficient

Solvent Accessible Surface Area (SASA); Tota solvent
surface area (SASA) in square angstroms using a probe
with a 1.4A radius.

FOSA; Hydrophobic component of the SASA

(saturated carbon and attached hydrogen).

FISA; Hydrophilic component of the SASA

(SASA on N, O, and H on heteroatoms).

PISA; Phi (carbon and attached hydrogen) component of
the SASA.Volume; Estimated number of hydrogen bonds
that would be accepted by the solute from water
molecules in an aqueous solution. Values are averages
taken over a number of configurations, so they cen be

QplogS-Water solubility
CIQPlogS-Conformation-independent predicted aqueous
solubility

QPlogHERG-Predicted IC50 value for blockage of
HERG K+ channels; (acceptable range: above -5.0).
QPP Caco-Pradicted apparent Caco-2 cell permeatility
in nm/sec. Caco-2 cells is a model for the gut blood
barrier; (nm/sec) <25-poor >500- great.

Q P log BB- Predicted brain/blood parlition coefficient;
QPP MDCK -Predicted apparent MDCK cell permezbility
in nm/sec. MDCK cel's are considered to be a good
mimic for the blood-brain barrier; (nm/sec) <25-poor =500

non-nteger
Hydrogen bond donors (<5)
Hydrogen bond acceptors (<10)

great.

Q P log KP- Predicted skin permeability; Q P log Khsa-
Prediction of binding to human serum albumin;
(acceptable range: -1.5 to 1.5).

—11.9, —11.79, —11.63, and —11.56, respectively, when
docked with 20H4. Interestingly, none of these compounds
have better Gscore for both protein IK3A and 20H4
(Fig. 2).

ADME/T properties

Pharmacokinetic properties of multi-targeted natural com-
pound EGCG were examined by using the QikProp
application of Maestro 9.6 [36] and underlined in Fig. 3.
Compound EGCG was found to be promising based on
their docking free energy score and binding mode. The
most fascinating aspect of EGCG is their admirable,
Qplogpo/w, Qplogs, CIQPlogS, QplogHERG, QplogBB,
Qplogkp, and Qplogkhsa value —0.243, —3.547, —5.549,
—5.716, —4.333, —7.514, and —0.439, respectively, which
satisfy the Lipinski’s rule of five, whereas QPPCaco and
QPPMDCK are not satisfactory 1.018 and 0.288, respec-
tively; structure modification may be required to enhance
these activities (Fig. 3). Moreover, polar surface area, high
oral bioavailability, H-bond donors and acceptors are
imperative criteria for the development of therapeutic
agents. Veber et al. 2002 reported that compounds having
10 or fewer rotatable bonds and polar surface area equal to
or less than 140 A (or 12 or fewer H-bond donors and
acceptors) may have a high probability for best oral
bioavailability in the rat. Furthermore, it is also reported
that polar surface area is inversely proportional to perme-
ation rate [37]. Compound EGCG has 773.184 SASA
values that are claimed to be suitable for therapeutic

agents. These results indicate that this compound will have
better penetration rate.

Effect of EGCG on IGF1R and VEGFIIR mRNA
expression in cancer cell lines

We investigated whether EGCG could impede IGF1R and
VEGFIIR expression in HepG2, H460, A549, and PC3
cells. Cells were incubated for 48 h with EGCG and
determine the mRNA expression by using RT-PCR. The
primer sets used for amplification are listed in Table 2. As
shown in Fig. 4, RT-PCR demonstrates that EGCG has a
potential for robust inhibition of IGFIR and VEGFIIR. The
activity of IGF1R and VEGFIIR has been shown to play a
critical role in cancer cell proliferation. The Q-PCR den-
sitometric bands analysis showed that compound EGCG
reduced the mRNA expression of IGFIR by 49 % in
HepG2 (¥*#*P < 0.001), 49 % in A549 (*P < 0.05), 22 %
in H460 (*P < 0.05), and 61 % in PC3 cells at 80 pM
concentration, whereas EGCG reduced the mRNA
expression of VEGFR2 by 21 % in HepG2 (**P < 0.01),
30 % in A549, 20 % in H460, and 25 % in PC3
(**P < 0.01) cells at 80 pM concentration. Moreover,
EGCG reduced the mRNA expression of mTOR by 40 %
in GepG2 (*P < 0.05), 30 % in A549, 32 % in H460
(*P < 0.05), and 20 % in PC3 cells at 80 uM concentra-
tion. Furthermore, pro-apoptotic proteins Bid and anti-
apoptosis protein (Bcl-2) mRNA expression was deter-
mined by RT-PCR. EGCG reduces the Bcl2 expression and
induces the pro-apoptotic mRNA Bid expression.
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(a)HepG2
VEGFR-2 IGF1R M
80uM  Crl
e SE(c)sng EGCG

M B-actin

- SR

Bid
—
. Ty

\

mTOR

30pM

el ecco

GAPDH

Crl 80pM Crl 80pM Crl 80pM
EGCG EGCG EGCG g
\ EGCG /
(b) A549
VEGFR-2 M Bid Bcl-2 M mTOR
Crl 80yM Crl 80pM
Crl 80pM Crl
Eoch EGCG EGCG EGCG
(c) H460 \
IGF1R VEGFR-2 M GAPDH
Crl  80pM Crl  30uM Crl g(géﬂe
EGCG EGCG
Bid B2 M mTOR
300bP T
Crl 80pM  Crl 80pM EGCG
EGCG EGCG
ﬁl) PC3 \
IGFIR  VEGFR-2 EGFR
Crl 80uM Crl 80uM Crl 8OuM
EGCG EGCG EGCG
mTOR GAPDH
Crl 80pM Crl 80pM Crl gopMm
EGCG EGCG EGCG

Fig. 4 Effect of EGCG on IGFIR, VEGFR-2, mTOR, Bid, and Bcl2
mRNA turnover in selected four cells. a, b, ¢, and d represented gel
band in HepG2, A549, H460, and PC3, respectively. Cells were
treated with 80 pM EGCG for the indicated time periods. IGFIR,
VEGFR-2, mTOR, Bid, and Bcl2 mRNA levels were determined by
RT-PCR and normalized to B-actin and GAPDH as the loading

@ Springer

control. mRNA of IGFIR, VEGFR-2, mTOR, Bid, and Bcl2 has
changed in cells treated with EGCG. EGCG down-regulated the
expression of IGFIR, VEGFR-2, and mTOR (e, f, g). Moreover,
EGCG up-regulated the expression of apoptotic mRNA product Bid
but inhibited the expression of anti-apoptotic mRNA products Bcl-2
(h, i)
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Fig. 4 continued

Interestingly, previously it is reported that EGCG treatment
does not affect VEGF expression and angiogenesis in the
normal tissues. Nevertheless, oral EGCG treatment inhibits
angiogenesis and VEGF expression in the same mice [33].
Moreover, EGCG treatment increases hepatic autophagy
by the emergence of autophagosomes and restorative
autophagic flux in hepatic cells and in vivo [34].

Page 11 of 18 _##Ht
M
1 m— HepG2
o 1 = A549 ve
s = H460 .
[ c—/ PC3 I
5 ® Z
h
6
w
b
2
K
E 2
o — —
Control 80pM EGCG
Concentration
(h) w0
. HepG2
20 0 AS4S T
. H460 1
5 10 Tl =L
E
o
03}
g &
=
g o
E
2
b] —_ -
Control OuM EGCG
Concentration

Effects of EGCG on cell growth and ROS in cancer
cell lines

To measure the cytotoxicity of EGCG in cancer cells, MTT
assay was performed. A549 and PC3 cells were cultured
with 5, 10, 20, 40, and 80 pM EGCG for 48 h. EGCG
exhibited a remarkable reduction in cell proliferation in
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Fig. 5 A549 and PC3 cells were cultured with 5, 10, 20, 40, and
80 M EGCG for 48 h. Effect of EGCG on the cell growth in A549
and PC3 cells. EGCG reduces the cell growth of the A549 and PC3
cells in a dose-dependent manner determined by the MTT assay
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Fig. 6 EGCG reduces ROS level in the HepG2, A549, H460, and
PC3 cells in a dose-dependent manner determined by the CM-
H2DCFDA fluorescent-based assay. *P < 0.05, **P < 0.01, and
#k%P < (0.001 versus controls

these cells in a concentration-dependent manner. Consis-
tently, it was more pronounced at concentrations between 5
and 80 pM. The mean 50 % inhibitory concentration of
EGCG on cell growth was at 40 uM in A549 cells for 48 h
treatment, whereas in PC3 cells, EGCG significantly
reduced 50 % cell viability at 20 pM concentration. Effect
of EGCG on HepG2 and H460 cells also reduces cell
proliferation reported in our article [24]. The conversion of
nonfluorescent CM-H2DCFDA to fluorescent DCF was
used for the detection of the intracellular production of
ROS. EGCG exposure led to significant changes in relative
ROS were observed on cancer cell lines after 48 h

@ Springer

treatments. HepG2, A549, H460, and PC3 cells were cul-
tured with 5, 10, 20, 40, and 80 uM EGCG for 48 h and
calculated the ROS reduction. The mean 50 % ROS
reduction at 20 uM on A549 cells, whereas in PC3 cells,
40 % ROS reduction at 40 uM concentration. EGCG
induced apoptosis via generation of ROS, which guides to
the activation of P-38 and caspase-3 on human endometrial
adenocarcinoma cells [35] (Figs. 5, 6).

Effects of EGCG on cell migration of cancer cells
(in vitro)

Flavonoid derivatives including EGCG, synthetic flavonoid
WYCO02-9, and apigenin-dependent cell migration assay
delineated in different cancer cells [36]. Various reports
indicated that, by employing an in vitro migration assay,
treatment of 4T1 mammary carcinoma with EGCG resulted
in concentration-dependent inhibition of cell migration
[36]. Furthermore, the wound-healing assay showed that
EGCG appreciably reduced the cell migration of melanoma
cells in a dose-dependent manner from 20 to 100 pM.
Thus, EGCG may be an encouraging compound for the
prevention of metastasis of uveal melanoma [37]. Synthetic
flavonoid WYCO02-9 influences cell cytotoxicity on cervi-
cal cancer cells and has the apprehensive effect on cell
migration in vitro and in vivo via MAPK14 pathway [38].
Representative photomicrographs of the HepG2 and PC-3
cells after the treatment with different concentrations of
EGCG are shown in Fig. 7a, ¢ and the cell migration assay
in Fig. 7b, d, respectively. The rate of wound closure was
photographed after 48 h and scale bars to images were
added using ImagelJ. The figure shows that width of wound
increases effectively after the treatment of EGCG for 48 h.

Green tea is a glorious beverage with health benefits
with abundant polyphenols including epigallocatechin
gallate (EGCG), epicatechin gallate (ECG), epigallate
catechin (EGC), and epicatechin. EGCG affects numerous
molecular targets involved in cancer cell proliferation and
survival. Previous studies have established that active
anticancer constituent in green tea is EGCG with the
anticancer activity highlighted in various in vitro and
in vivo studies. The anticancer activity of EGCG may be
accredited to the combinatory effects on multiple targets
that are determinant for cell proliferation and apoptosis.
Interestingly, green tea reduces the cell proliferation and
sensitizes the cell for apoptosis and cell cycle arrest
including colorectal and hepatocellular carcinoma cells, via
regulating the activation of tyrosine kinase EGFR [39, 40].
Furthermore, it is reported that EGCG has potently inhi-
bitory effects on tumor angiogenesis induced by IGF1 in
non-small cell lung cancer cells via downregulation of
HIF-1o and VEGF expression [41].
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Fig. 7 EGCG reduces cell
migration in the HepG2, A549,
H460, and PC3 cells determined
by wound-healing assay.
Representative
photomicrographs show
morphologic changes of the
HepG2 and PC3 cells after the
treatment of different
concentration of EGCG (a, ¢).
HepG2 and PC3 cells were
seeded in a six-well plate and
grown overnight to confluence.
After 24 h, cultures were
replaced with fresh medium
containing 0.5 % FBS (control)
or same medium containing
concentration-dependant
treatment EGCG. Monolayer
cells were scratched with a
200-pL pipette tip to create a
wound and kept in a 37 °C
containing 95 % air and 5 %
CO,. After 48 h, cells were
washed twice with DMEM to
remove floating cells. The rate
of wound closure was
photographed after 48 h and
adding scale bars to images
using Imagel (b, d).

e Figure shows that width of
wound increases effectively
after the treatment of EGCG for
48 h in all selected cell lines.
*P < 0.05, **P < 0.01, and
*##%P < 0.001 versus controls
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Fig. 7 continued (d)
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Molecular docking of compounds with androgen
receptors (AR) and estrogen receptors (ER)

The androgen receptors (AR) and estrogen receptor (ER)
belong to nuclear steroid receptors superfamily, over-ex-
pressed in various cancer tissues and elevated tumorigen-
esis and metastasis in number of cancers including prostate,
bladder, lung, breast, and liver [42, 43]. Moreover, AR/ER
has a potential to cross-talk with growth factor signaling
that regulates cell cycle, apoptosis, and differentiation in
cancer cells [44]. A cross-talk between the AR/ER and
RTKs in the downstream signaling pathways leads to an
increase tissue-specific cell proliferation which is associ-
ated with the risk of various cancers [45-50]. Thus, we
performed molecular docking study of AR/ER against

@ Springer

selected natural compounds. Molecular docking results
indicate that the EGCG has better Gscore when docked
with AR than previously available AR inhibitor drugs such
as bicalutamide and nilutamide. Interestingly, Gscore for
EGCG, when docked with the androgen receptor (AR), is
—9.95 kcal/mol, and this is better than previously available
AR inhibitor, whereas when docked with ER it is
—7.73 kcal/mol. Furthermore, protein-ligand interactions
of AR (PDB, 2PIV) with EGCG stated that amino acids
Leu701, Leu704, Leu707, Trp741, Phe764, Leu873,
Met880, Met887, and Phe891 form hydrophobic interac-
tions. Amino acids Leu701, Asp705, and Thr877 were
included in side-chain hydrogen bonding, and amino acid
Phe764 was involved in backbone hydrogen bonding,
whereas amino acid Phe764 was participating in pi—pi
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Fig. 8 a Ribbon presentation of AR (PDB; 2PIV) protein molecule with CID65064, b protein-ligand interactions profile of 2PIV with
CID65064, ¢ protein—ligand interactions profile of ER (PDB, 3ERT) with CID65064

interactions (Table 5 and Fig. 8). Moreover, protein-ligand
interactions of ER (PDB, 3ERT) with EGCG revealed that
amino acids Met522, Leu525, Tyr526, Met528, Val533,
Val534, Pro535, and Leu536 form hydrophobic interac-
tions. Amino acid Trp383 was included in side-chain
hydrogen bonding, and amino acid Cys530 was involved in
backbone hydrogen bonding (Table 6). It is reported that
EGCG adequately inhibits the AR biological effects by the

direct antagonist of AR activity [51, 52]. Taken together,
our results showed that docking free energy yielded an
excellent dock score for EGCG when docked with proteins
IGF1R, VEGFR-2, and AR/ER. Moreover, RTKs inhibitors
have played an increasingly important role in the treatment
of various cancers. Recently published phase clinical III
trials have shown terrible efficacies of these drugs. Multi-
targeted TKIs have been regarded as promising for various
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Table 5 Lowest binding energy for the ligand—AR (PDB, 2PIV) protein interaction as detected by GLIDE molecular docking

Ligand type Compounds ID Gscore Lipophilic Evdw H bond Electro Protein-ligand interaction

AR inhibitors CID2375 —5.87 —5.87 —0.85 0 Asn705, Phe764, and Thr 877
CID4493 —5.37 —4.14 —0.36 —0.21 Asn705, Phe764, and Thr 877
CID65064 —9.95 —5.4 —4.26 —1.54 Leu701,Asn705, Phe764, and Thr 877

Table 6 Lowest binding energy for the ligand—ER (PDB, 3ERT) protein interactions as detected by Maestro

Ligand type Compounds ID Gscore Lipophilic Evdw H bond Electro Protein-ligand interactions

ER inhibitors CID449459 —10.4 —7.04 —0.87 —1.02 Glu353 and Arg394
CID104741 —9.72 —5.82 —0.79 —0.99 Glu353 and Arg394
CID65064 —17.73 —2.88 —3.56 —1.35 Glu380, Trp383 and Cys530

Molecule CID: pubchem IDs
Gscore: glide extra precision scores (kcal/mol)

Lipophilic E Vdw: chemscore lipophilic pair term and fraction of the total protein—ligand vdw energy

HBond: hydrogen bonding term

Electro: electrostatic rewards

Protein-ligand interaction; m—n stacking, m—cat interaction and hydrogen bond between the ligands and proteins

cancers due to their potential antitumor mechanisms. Sin-
gle-targeted drugs have poor efficiencies for most cancer
patients while they may be highly productive in certain
cancer patients. Cancer is an extremely heterogeneous
malignancy, with its signal pathways evincing a complex
array of cross-signaling pathways. Appropriately, when
blocking the targeted pathways, the single-targeted drugs
can also be actuated by interconnected signaling pathways
that led to increasing cell proliferation. Therefore, the
multi-targeted drugs have the better mechanism of action.
However, the outcomes endure disappointing if they
appertain nonselectively in cancer patients. Further in vitro
and in vivo studies are required for the experimental vali-
dation of our findings in AR active cells such as prostate
cancer cells (LNCaP) and ER™ breast tumor cell lines.

Conclusion

Docking free energy yielded an excellent dock score for
EGCG when docked with proteins IGFIR, VEGFR-2, and
AR/ER. Protein—ligand interactions profile underlined that
the lipophilic, hydrogen bonding, n—n stacking, and m—
cation interactions play a notable contribution in protein—
ligand interactions at the active site. Nevertheless, this
study tremendously introduces novel classes of multi-target
natural compounds. Information obtained from these
studies can prove to be useful to fathom the protein—ligand
interactions that are required to strengthen the cell growth
repressive activity, as well as ameliorated ADME/T

@ Springer

properties. Moreover, EGCG reduces the cell proliferation,
oxidative stress, and mRNA expression of IGFIR, VEG-
FRII, mTOR, and Bcl-2. However, further in vitro and
in vivo experimental studies are necessitated for the cir-
cumstantial mechanism of action of EGCG.
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