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Summary Myricetin 1s a naturally omnipresent benzo-x-
pyrone flavonoids derivative; has potent anticancer activity.
Receptor tyrosine kinases family provides the decisive role
in caneer initiation and progression. These receptors have re-
cently caught the attention of the researchers as an attractive
target to combat cancer, owing to the evidences endorsed their
over-expression on cancer cells. This study is a concerted
effort to explore the potent and specific mulii-targeted inhib-
itor against RTKs and ARV\ER employing molecular docking
approach. IR, IGFIR, EGFR, VEGFR1, VEGFR?2, and
ARVER were chosen as a protein and natural compounds as
a ligand. Molecular docking procedure [ollowed by using
Maestro 9.6 (Schrédinger Inc). All natural compounds were
docked with the X-ray crystal structures of selected proteins
by employing grid-based ligand docking with energetics
Maestro 9.6. IBS natural compounds docked with each select-
ed protein molecules by using GLIDE high throughput virtual
screening. On the basis of Gscore, we selected 20 compounds
from IBS (50,000 compounds) along with 68 anticancer com-
pounds from published literature for GLIDE extra precision
molecular docking, Caleulated docking free energy yielded
the excellent dock score for the myricetin when docked with
proteins EGFR, IR, and AR\ER. Protein-ligand interactions
profile highlighted that the lipophilic, hydrogen bonding and
70-77 stacking interactions play a central role in protein-ligand
inleractions at the active sile. The resulls of MTT assay reveal
that the myricetin inhibit the viability and proliferation of can-
cer cells in a dose-dependent manner, Treatment with the
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myricetin led to down-regulation of mMRNA expression of
EGFR, IR, mTOR, and Bcl-2. Although, further in vitro and
in vivo experimental studies are required for the experimental
validation of our findings.

Keywords Receptortyrosine kinases - Androgen receptor/
Estrogen receptor - Natural compounds - Cancer - Magstro 9.6

Introduction

Myricetin is a naturally occurring phenolic flavonol, found in
red wine, many grapes, betries, fruits, vegetables and herbs
possessing antioxidant properties. In vitro, investigations
demonstrate that the myricetin in high concentrations can im-
prove lipoproteins such as low-density lipoprotein cholesterol.
Tyrosine kinase receptors (RTKs) are a trans-membrane re-
ceptor regulates a number of cellular activity including cell
migration, adhesion, apoptosis, and cell proliferation.
Overexpression or overactivity of RTKs has been reported in
a diverse of cancers, including prostate, breast, lung and ovar-
ian cancers. RTKs comprise of many proteins including insu-
lin, 1GF1, EGF, and VEGF receptors. Cell-membrane EGFR
over-expressed and over activated in various cancers, includ-
ing non-small cell lung, head and neck, breast and prostate
cancers [1-5]. RTK eclass II (Insulin receptor family) Insulin
and insulin growth factor have 40-80 % homology, so it is
arduous to delineate insulin and IGF1 ligand-receptor interac-
tion entirely. Insulin and IGF1 binds to IGFIR, IR-A, and
hybrid receptors of IGF and TR-A mediates the mitogenic
signaling pathway [6, 7] while ligand binding to IRB activates
metabolic signaling [8]. Isoforms of TR (TR-A and IR-B) ex-
pression in the verity of human cancer cells including prostate,
breast, osteosarcoma, non-small-cell lung carcinoma and
acute myelogenous leukemia resulted from post-
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transcriptional alternative splicing of insulin receptor [9—14].
The auto-phosphorylation and trans-phosphorylation of recep-
tor cytoplasmic tyrosine residues lead to the recruitment of
intracellular appurtenance protein molecules such as Grb2
and ¢-Src. These protein molecules commence an avalanche
of intracellular signaling events that prompt diverse biological
responses such as metabolism, cell proliferation, cell differen-
tiation, cell-survival, and cell growth [15]. Ultimately phos-
phorylation of receptor recruits the downstream signaling pro-
tein IR substrate (IRS) 1 to 3 to the cell membrane, which
eventually activates both phosphoinositide 3-kinase (PI13K),
Akt, and the mitogen-activated protein kinase (MAPK)
pathways.

Myricetin induced apoptosis, by decreasing the activity of
PI3K in primary and metastatic pancreatic cancer cells. [n
silico result, also shows myricetin, quercetin, and luteolin
have a better Gscore when docked with PI3K protein mole-
cules [16]. Moreover, myricetin was recognized as dual-
cffective inhibitors for wild-Type EGFR and mutated EGFR
by using in silico molecular docking protocol [17].
Furthermore, in-vivo, treatment of myricetin orthotopic pan-
creatic tumors, increases the tumor regression and decreased
metastatic spread [18]. Myricetin-induced apoptosis by mod-
ulating the metabolic PI3K and mitogenic p38 MAPK signal-
ing pathways on T24 and HepG2 Cells [19, 20]. Morcover,
myricetin sturdily inhibited MEK1 kinase activity and sup-
pressed TPA or EGF-induced phosphorylation of extracellular
signal-regulated kinase (ERK) eventually led induce apoptosis
and decreased cell proliferation [21]. However, the efficacy of
myricetin as an anticancer agent in lung and prostate cancer is
unknown. Therefore, in the present communication, we stud-
ied to investigate the effect of myricetin on cancer cell growth
and apoptosis by using in silico and in vitro.

Materials and methods
In silico methodelogy
Selection of ligand and protein molecules

In silico molecular docking protocol accommodated from our
previous published article [17, 16, 22]. The schematic
workflow of screening of multitargeted compound and bio-
logical effect in cancer cell lines was illustrated in Fig. 1.
Ligand dataset were selected in our study, a) Inter BioScreen
natural compound library (IBS), and b) Anticancer natural
compounds that have been reported in the publish literature
[23-28]. List of anticancer natural compounds (PubChem 1D)
screened in this study with structural and physicochemical
parameters presented in Table 1. All selected ligands were
subjected to Ligprep wizard application of the Maestro 9.6
(Schridinger Inc). Ligprep performs many corrections on
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Fig. 1 Workflow of Screening of multitargeted compound (myricetin)
and biological effect in cancer cell lines (study design)

the ligands, such as the addition of hydrogens, 2D to 3D
conversion, corrected bond lengths and bond angles, low en-
ergy structure, stereochemistries and ring conformation. Apart
from that another parameter such as ionization does not
change, tautomers not generated and retain specific charities
generate al most one per ligands were used as a default pa-
rameter in Maestro 9.6. The X-ray crystal structure of IR
(PDB; 3ETA), IGFIR (PDB; 1K3A), EGFR (PDB; 1M17),
VEGFRI1 (PDB; 3HNG), VEGFR2 (PDB; 20H4), AR
(PDB; 2PIV), and ER (PDB; 3ERT) retrieved [rom the protein
data bank. Maestro 9.6 protein preparation wizard application
performed for the correction of raw PDB structure; these are
the addition of hydrogen atoms, assigning bond orders and
bond length, creation of zero order bonds to metal, creation
of disulphide bonds, fixing of the charges and orientation of
groups were incorporated in to the protein.

Molecular docking

Molecular docking studies using the selected ligand molecules
were conducted using Maestro 9.6 molecular docking suite
[29-31]. Each of these compounds was docked into different
target protein molecules, and the docking conformation
possessing the lowest energy was stipulated. Input ligands
and protein molecules were prepared using respective wizard
applications of Maestro 9.6. In addition, optimized potential
for liquid simulations (OPLS 20035) force field applied for
local energy minimization (bond stretching energy) and ge-
ometry optimization [32-34]. Finally, one conformation for
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Table 1 List of PubChem molecules screened in this study with Structural and physicochemical Parameters (10)
SN. Comp. Mol. Wt. Volume H-bond H-Bond QPlogP oct QPlog Pw QPlog QFlogs
(CID) (130-723) (500 to 2000) Donor Acep. (8.0 10 35.00 (4.0 to 45.0) P o mol/L.
(0-6) (2-20 (—2.0-6.3) (—6.5 to 0.5).
1 176,870 393.441 1226.24 15 74 18.347 10.736 3.942 —4.335
2 101,84653 485.945 1449.822 2 9.45 25.015 14.39 3.847 —5.269
3 208,908 581.06 1674.641 1 8.25 26.434 13.376 3.881 ~6.837
4 5,328,779 294,309 950,124 3 55 17.809 12.771 1.849 —4.481
5 123,631 446.908 1262.744 I 17 19.692 10.252 3.898 —3.559
6 932 272257 840.858 2 4 14.728 10.219 1.658 =347
7 2044 305173 871.406 1 375 12,522 6.462 2434 —4.415
8 2543 310.435 1122.807 1 1.5 13.745 4396 5.604 ~0.637
9 3220 270.241 §08.031 i 4.25 12.607 8.522 1.258 -3.07
10 5350 177.279 661.995 0 6.5 9242 8.882 0.535 0.827
I 73,641 488.706 1431.329 4 71 25,992 14438 4231 ~5.37
12 73,659 472.707 1414592 3 54 23.674 11.514 5.168 —6.242
13 91,469 242274 798.666 2 225 13.082 8215 2.761 —3.579
14 245,005 645.745 1754.494 3 16.95 33.013 22,138 1.963 ~2.418
13 259,846 420.724 1378.31 1 1.7 17.885 4492 7.043 —7.907
16 261,265 430.626 1387.41 2 6.15 21.018 10.026 4381 —6.176
17 440,917 136.236 621.544 0 0 504 —0.203 3.99 —4.003
18 441,794 496.553 1351.712 5 12.35 28.735 20.523 1.144 —3.268
19 442,793 294.39 1090.905 1 42 13.232 5745 3.766 —4.42
20 445,154 228.247 786.572 3 2.25 13.599 9.347 2.012 —2.803
21 9064 290.272 872.256 s 545 19.89 15.59% 0.481 —2.609
22 10,494 456.707 1401.838 2 3.7 21.162 8.308 6.238 —7.067
23 16,078 3144067 1147.852 1 1.5 13.759 3962 5.694 0,774
24 64,945 436,707 1387.747 2 3.7 20.965 8273 6.125 —6.917
25 65,064 438.378 1255.716 8 8.75 371 23915 —0.24 —3.547
26 68,077 372.374 1098.572 0 6.25 15.512 7.736 331 —3.4606
27 72,276 290.272 872.747 5 545 19.683 15.562 0.494 —2.587
28 72,277 306.271 892.592 6 6.2 21.772 17.64 —0.17 —2.356
29 72,281 302,283 919,955 2 4,75 15.742 10.473 1.803 —3.782
30 72,326 442,724 1393.324 2 34 20.187 7483 5.92 —06.784
31 446,925 536.882 2240.509 0 0 21.45 —4.618 19.06 —21.136
32 457,964 338.486 1040.152 4 5.85 19.237 12.383 1.916 ~3.138
33 3,035,241 323.822 1004.466 25 6.25 17.86%9 11.059 2.03 —2.845
34 5,270,604 426.724 1374.435 1 1.7 18.141 4741 7.024 —8.012
33 5,280,343 302.24 883.724 4 5.25 18.67 14.544 0.522 -3l
36 5,280,373 284.268 860.146 1 3.75 13.02 8.02 2522 —3.523
37 5,280,443 270.241 822.143 2 3.5 14,898 10.217 1.644 —3.374
38 5,280,445 286.24 843.558 3 4.5 16.591 12.301 0.96 —3.096
35 5,280,789 538.898 2258.34 0 0 21.818 —4.468 19.12 —21322
40 5,280,863 286.24 840.186 3 45 16.394 12.278 1.059 —3.057
41 5,280,896 264.321 879.908 2 4.75 13.913 8.701 2.18 2772
42 5,280,899 368.881 2125.203 2 34 25.936 5.687 10.56 —12.471
43 5,280,961 270.241 §07.798 2 3.75 14.142 9.887 1.678 —3.014
44 5,281,605 270.241 818.653 2 375 15.089 10.185 1.757 —3.317
45 5,281,607 254242 799.678 1 3 12.869 8.121 2.386 —3.647
46 5,281,612 300.267 901.458 2 453 15.652 10473 1.79 —3.69%4
47 5,281,614 286.24 841,842 4 5.5 18,889 14,744 0.5 —2,796
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Table 1 (continued)

SN. Comp. Mol. Wt. Volume H-bond H-Bond QPlogP oct QPlog Pw QPlog QFlogs
(CID) (130-723) (500 to 2000) Donor Acep. (8.0 10 35.00 (4.0 to 45.0) P mol/L.
(0-6) (2-20) (-20-65) (6.5t 0.5).
48 5,281,616 270.241 8174 2 375 14.551 10.181 1.794 —3.308
49 5,281,670 302.24 858.752 4 525 19.268 14.332 0.41 —2.755
50 5,281,672 318.239 882,348 5 6 20432 16.443 028 —2.564
51 6,917,781 805.013 2188.868 5 14.05 39.445 21319 6.229 —6.364
52 9,348,699 274.489 963.039 0 0 9.861 —0.523 8.186 —8.689
33 9,548,711 278.52 1081.566 0 0 10.363 -1273 9272 -9.918
54 9,825,149 453586 1502.475 2 525 23.868 11.935 5.735 —7.262
55 9,910,986 401.846 1141.405 2 6.7 20.745 12,793 2.369 —3.673
36 5,281,707 268.225 774.132 2 4.5 14.593 10.923 1.319 —2.913
57 5,281,708 254242 787.865 2 4 14.141 10.264 1.774 —2.957
58 6,436,722 54293 2281.771 ] 0 22431 —4.283 18.96 —21.565
59 6,441,009 785.023 2136.644 9 2115 48.098 33.717 1.359 —2.85
60 6,857,485 276.504 1033.576 0 0 10.507 —0.266 8.832 —9.421
61 1,135,3973 479.965 1419.846 2 6.4 24,197 12.538 5.001 —7.537
62 1,147,6171 439.559 1456.758 2 3.25 22,132 9911 0.743 —8.739
63 11,640,390 421.5M 1336.398 3 4.75 24.019 12.923 3.015 —7.393
64 2,478,5538 461.501 1398.675 3 7.5 2647 15.152 4.164 —6.935
63 4,688,1851 439.559 1458.756 2 3.25 22,144 9.957 6.742 —8.831
67 5,660,3750 678.82 1960.352 8 14 41.827 28.302 2.644 —53.369
68 57,390,076 515.66 1691.49 4 8 29.212 15.987 4.552 —6.261

Compounds; PubChem maolecules sereened 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 (<110)

QP log Poct; was predicted partition coefficient of octanol/gas, (8.0 to 35.0)

QP log Pw: was predicted partition coefficient of water/gas (4.0 to 45.0)

Plog Pw; was Predicted octanoliwater partition co-efficient log p (recommended range: —2.0 to 6.5)

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

cach ligand was prompt for molecular docking protocol. After
the execution of ligands and protein preparation, a receptor-
grid file was generated. Van der Waal radii of receptor atom by
1.00 A and a partial atomic charge of 0.25 scaled for the
generation of the receptor grid. The active site of the receptor
provides an accurate scoring function with thermodynamical-
Iy optimal energy and is caleulated on a grid by various sets of
fields. After the generation of receptor-grid file, molecular
docking was performed. HTVS was performed using the
GLIDE docking module within the Schridinger Suite. All
natural compounds were docked with the X-ray crystal struc-
tures of selected proteins by employing grid-based ligand
docking with energetics Maesiro 9.6. IBS natural compounds
docked with each selected protein molecules by using GLIDE
high throughput virtual screening, On the basis of Gscore, we
selected 20 compounds from IBS (50,000 compounds) along

@ Springer

with 68 anticancer compeunds from published literature for
GLIDE extra precision molecular docking. GLIDE-XP delib-
erated to figure out false-positives and furnish a better corre-
lation between right poses and good scores. The foremost
competent compounds have been selected for each target by
optimal energy value, types of interactions, the potential for
bonding, and conformations.

ADME properties studies

The majority of drug candidates don’t succeed in clinical trials
due to poor ADME properties. Therefore, in silico ADME/T
(Absorption, Distribution, Metabolism, Excretion and
Toxicity) predictive tools are cooperative strategy that could
abolish indecorous compounds, before invested valuable time
and money in primary testing of compounds. Computer based



Invest New Drugs

09L W LE0- 9[- BL'E— 76— ORI NIXMDOLS
69L WIN 8¢°0— 9[- O8'¢— 9T'6— £0C9E-NIFDOLS
L8 dsy pue ‘0800 ‘69L PN L¥' 1= 8T 8'E— 8T'6— TTOOE-NIADOLS
[£8 d5W U “08LNID 69L W 1ZL84T SR LTF— v e Ll— S6018-NIMD0LS
LEg dsy pue ‘L 18 Bay "69L 1PN el LP— 835 '6— ] A o L1208-NIXMIOLS sdl
69L O PUB [TL SAT *ELL SAD ol'1- [&°6- 18°¢— 65" 8— Fo0sadID
G9L RN PUE 8EL D 88°0— £e'T— Sl'v— B6'8— EOR0BTEULDY
6OL WIN pUe 174 SAT Tegdsy 11— h'E— Te'e- ST6— SHPO8TSAID
69L WIN PuE gL 58] 881 LEE (A3 88'6 EFE0BCEULD)
69L N pue [gL SAT ‘T¢gdsy Fl- b b— 6F'E- LF0l— CLO18CEdD) SpUNodIIo;) [RINIEN IDMTROTIIY
a9L 1PN L1I'0— 90— 6F'S— #8'9— [E9EC1UIDY
6OL WIN pUe [ZL AT Tegdsy LET— 6T'T— R'T— F6'9— 6LLBTESAID
0 99°0 209 'L 806802
€LL SAD puB 6oL 18 £F0- S 9s6— S £LOER101dID
€14 56 PUB 69/ 101 LT0- 6T’ - 0g'S— o 0LBOLTATDY (T0IYTr00y} SITQITUT SSeTTs] SWsoIA] IO
SUONDEISUI SPUESI] UIAj0I] 01139]5] puogIy apar onydodig 210080y 11 spunodwo;y ad4) puedim

(£ 1) 1IDT pawenw put Y 10T 2dAT-plra 10T SIONQIUT JANIAJ-[2NP S8 PAZIUTOIAL SeM
(Z/9T27SATYY) UNROIIAIT *SA0TS A1311Te paysnqnd snoradrd gy TaSurponyds ‘g g UOTSIAA “ONSaey Aq PN se uonderau uord (LTI 1 'ddd) YI0T-puedny o 107 AT10ud Surpurq 18amoT 7 IqeL

pringer

AR



Invest New Drugs

g
=
o
5
£
g
=
g
20
=
g
2
<)
[=h
R
=
=]
o
3
[as]
jan

o | =
3

215

2|0

=

e | 5

2 =

= | &

Bl g

Jir] —

51

=

o

o

=

= | £

2 <]

2] 5]

%) v

| @

B

b

=

=9

-

o

jon] e

(0] L7

L=

R
=]

& =%

o E

o =]

3 @]

=

e+l

=

c=|

o

fi=)

&

@

54

e

]

5

=

-

-

us

51

g

- 15}
=9

) =

" =]

2| g

S| e

=14

@ Springer

Glul047,Glul077 Met1079,Phe1128, and Asp1150

Glul077,Met1079, and Phel 151

Hidl1081, and Asp1083
Phel151, and Argl155

—0.76

-2.01
-1.03
-0.72
-1.03

—4.75
—4.61
—5.41
=517
6.6

—5.31

—6.76

—0.52

CID24785538
CID2044

IR, Tyrosine Kinase Inhibitors (Control)

—.28

—0.17

=542

—44

CID3T7390076
CID11353973
CID9825149

—0.25

0.21
-1.02

—0.

-329
-9.92
=9.16
=9.16

—9.1

Leul002,Metl079, and Phel 151

-329
-2.85
-0.67
-2.87
—4.28
—0.98
-1.34
-0.98

CID5281672
CIDY064

Anticancer Natural Compounds

Leul002,Metl079, and Phel 151

Glul047

89

—0.93

—0.

=7.23
=53

CID56603750
CID3281670
CID6506L

Leul002,Met1079, and Glul077

83

Argl1000, Metl079, and Aspl150

-1.27

.79

—3.81

—8.94
-10.34

—0.93

STOCKIN-67795

IBS

Glul047, Met1079, and Phel 151

Glul047, Met1079, and Phell51

Glul047 and Glul077

—0.83

—0.61

=7.11
—6.28
7.64

=7.07

STOCKIN-39395

—9.86

STOCKIN-73865

Cilul047, Met1079, and Aspl1150
Glul047, Metl1079, and Aspl150

0.81

—).87

1.57
-1.31

9.84
—9.82

STOCK IN-70996
STOCKIN-36722

theoretical approaches transpire to be the best option for pre-
diction of ADME, for new compounds. Thus, ADME propet-
ties of best-docked compounds were predicted using QikProp
application of Maestro 9.6. ADME/T properties are the pre-
requisite for the drug discovery and development process.
Thus, these properties of selected best-docked ligands mole-
cules were predicted. In silico, computational methods predict
properties such as log BB, overall CNS activity, Caco-2 and
MDCK cell permeability and logKhsa for human serum albu-
min binding, elc. [35, 36].

In vitro methodology
Chemicals

Myricetin was purchased from Sigma-Aldrich. Cell culture
media, fetal bovine serum (FBS), trypsin, and 1 % penicillin
and streptomycin were purchased from Invitrogen corporation
and Ham's F-12K from Himedia.

Cell culture conditions and myricetin treatment

Cancer cell lines hepatocellular carcinoma (Hep(G2) and lung
carcinoma (A549 and H460), and prostate cancer (PC3) was
obtained from the NCCS, Pune (India). HepG2, A549, and
H460 grown in phenol red DMEM media supplemented with
10 % heat-inactivated FBS, 1 % penicillin (100 units/ml),
streptomycin (100 mg/ml). PC3 cells was grown in Ham’s
F-12K medium supplemented with 10 % FBS, 1 % penicillin
(100 units/ml), streptomyein (100 mg/ml). All cells were
maintained at 37 °C in a humidified atmosphere with 5 %
CO2, Cells were exposed to different concentration of
myricetin for 48 h. Cells incubated with culture medium with
an equivalent amount of vehicle DMSQ (final DMSO concen-
tration was <0.2 %) served as controls.

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

One million cells/well were plated into the six well plates,
culture media supplemented with 10 % FBS and 1 %
penicillin/streptomycin and incubated at 37 °C. Cells were
exposed to 80 uM myricetin for 48 h, and total RNA was
extracted using Trizol (Life Technologies, Gaithersburg,
MD) according to manufacturer’s instructions. RNA quanti-
fied at 260/280 nm with thermo scientific nanodrop 2000
spectrophotometer and agarose gel electrophoresis. The ab-
sorption ratio A260 nm/A280 nm between 1.90 and 2 was
taken into consideration for ¢cDNA preparation,
Approximately one microgram of total RNA was reverse-
transcribed into cDNA using a high capacity PrimeScript 1st
strand ¢cDNA Synthesis Kit (Takara Bio Inc). mRNA expres-

sion was quantified by RT-PCR by using Veriti® 96-well fast
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thermal cycler (Applied Biosystems). The following cycling
parameters were optimized as follows: start at 95 °C for 5 min,
denaturing at 95 °C for 30 s, annealing at 55 °C for 45 s,
elongation at 72 °C for 45 s, and a final 5 min extra extension
at the end of the reaction to ensure that all amplicons were
completely extended and repeated for 40 amplification cycles
[37]. GAPDH and (>-actin 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™ Soflware.

MTT assay

Cells viability was measured by a colorimetric assay com-
posed of solutions of a tetrazolium compound MTT (dimethyl
thiazolyl tetrazolium bromide). MTT produces a formazan
product in a cell that is soluble in DMSO and recorded the
absorbance of the formazan at 570 nm. Cells were seeded in to

Fig. 2 a Ribbon presentation of a
EGFR (PDB; IM17) with
CID5281672 {myricetin). b
Protein-ligand interactions profile
of 1M17 with myricetin

b

GLY PHE
772 771

LEJ
694

HO

a 96 well plate at 7x10° cells per well supplemented with
10 % EFBS, 1 % (v~) penicillin/streptomycin and allowed to
adhere overnight. After 24 h incubation, media was removed
and FBS free media (serum starvation) was added. After treat-
ment with the myricetin at various concentrations for 48 h, the
medium was removed and washed with PBS and 100 pl of the
MTT (0.5 mg/ml) was added to each well of the plate. Plates
were incubated at 37 °C for 4 h, after incubation 100 pL of
DMSO was added for solubilization of formazan and mix very
well and was kepl in the dark for 10 min. The mlensily of the
color developed was recorded al 570 nm in [luorescence mi-
croplate reader (Synergy /H1).

Determination of intracetlular veactive oxygen species (ROS)

The conversion of non-fluorescent CM-H,DCFDA to fluores-
cent DCF was used to measure the intracellular production of
ROS. Cells were seeded in a 96 well plate at 7> 10° cells per

PRO,  MET
79 769
7\ (EJ.  LEU
/. 5, %8 520
OH 0]
ALA
L L s
v
766
0]
[CHN]
7

?(
VAL -
702
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well supplemented with 10 % FBS, | % penicillin/
streptomycin and allowed to adhere overnight. Treatment with
myricetin at various concentrations for 48 h, the medium was
removed and washed with PBS and 100 pl of the CM-
H;DCFDA (5 uM) was added to each well of the plate.
Plates were placed in an incubator for 4 h, and the fluores-
cence intensity was measured with excitation at 485 nm and
emission at 530 nm uvsing a fluorescence microplate reader

(Synergy /H1).

Fig. 3 a Ribbon presentation of
IR (PDB, 3ETA) with
CID5281672 (myricetin). b
Protein-higand interactions profile
of 3ETA with myricetin

Cell migration assay (In vitro wound-healing assay)

Cell migration procedure adapted from previous publish arti-
cle [19, 38]. One million cells were seeded in a six-well plate
and grown overnight and allowed to adhere. Next day, cul-
tures were replaced with fresh medium containing 0.5 % FBS
medium (Serum starvation). Cells were treated with different
concentration of myricetin; monolayer cells were scratched
with a 200 pl pipette tip to create a wound and wash with

@ Springer
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media to removed floating cells and incubated for 48 h. The
rate of wound closure was analyzes and photographed after
48 h and adding scale bars to images using Image].

Statistical analysis

Statistical analysis was done using SigmaPlot 11. Statistical
values are expressed as the mean+SEM. Data was analyzed
using Kruskal-Wallis one-way analysis of variance on ranks
followed by followed by Tukey statistical analysis. The value
of p=<0.05 was considered statistically significant.

Results and discussions

Molecular docking of compounds with EGFR, IR, IGFIR,
VEGFRI1, and VEGFR2

Overexpression or overactivity of RTKs such as EGFR, IR,
IGF1R, and VEGF receptor has been well known in a varie-
galed cancer cells, including prostate, breast, lung and ovarian
cancers. Recently, we performed multitargeted molecular
docking of EGFR, IR, IGFIR, and VEGFR against natural
compounds. The lowest energy conformation, representing
the best binding structure of inhibitors to receptor, was iden-
tified by the molecular docking procedure. The protein-
ligands interactions yielded a cornucopia of information
highlighting the irrefutable role portrayed by numerous factors
namely hydrogen bonds, salt bridges, metal interactions, lipo-
philic interactions, -7 and 7t-cation interactions in the
protein-ligand interactions profile. The data obtained from
molecular docking various parameter including their Gscore,
hydrogen bond, electrostatic bond, and amino acid residues
are illustrated in Tables 2 and 3. In the present study,
CID5281672 (myricelin) showing high Gscore for EGFR
and IR as compared to respective control. Molecular docking
result of EGFR (PDB, 1M17) and IR (PDB, 3ETA) against
natural compounds revealed that myricetin have better Gscore

—10.47 and —9.92 Kcal/mol respectively. The crystal structure
of the 1M17 and 3ETA has been determined with 2.6-A res-
olution. Protein-ligands interactions revealed that amino acid
Leu694, Leu768, Met769, Pro770, Phe771, and Leu820 of
IM17 involve in the hydrophobic interactions with the
myricetin. In addition, amino acid Lys721 and Asp831, in-
volved in sidechain hydrogen bond and Met769 amino acid
included in back-bone hydrogen bond at the active site of
IM17. Moreover, protein-ligand interactions of 3ETA with
the myricetin showed that Val1010, Alal1028, Val1060,
Metl1076, Leul078, Met1079, Alal080, and Phell51 involve
in the hydrophobic interactions with the myricetin,
Additionally, Leu1002 and Met1076 amino acid included in
back-bone hydrogen bond at the active site of 3ETA with the
myticetin, Moreover, amino acids Phel151 of 3ETA form pi-
pi stacking interaction in the active site of 3ETA. Moreover,
molecular docking result of 1M 17 against natural compounds
revealed compound CID5280343, CID5280445,
CID5280863, CID65064, STOCKIN-80317, STOCKIN-
81095, STOCKIN-36022, STOCKIN-56203, and
STOCKIN-41893 have better Gscore (as compared to con-
trol) -9.88, —9.25, -8 98, —8.59, —12.18, —11.35, —9.28,
—9.26, and —9.14 Kcal/mol respectively. Furthermore, com-
pounds CID9064, CID56603750, CID5281670, CID65064,
STOCKIN-67795, STOCKIN-39395, STOCK1N-73865,
STOCKIN-70996, and STOCKIN-36722 have Gscore
—9.16, —9.16, —9.1, —8.94, —10.34, —9.93, —9.86, —9.84, and
—9.82 Kcal/mol respectively when docked with 3ETA (Figs. 2
and 3).

ADME/T studies

ADME/T (absorption, distribution, metabolism, elimination
and toxicity,) properties of myricetin were assessed through
the Qikprop application ol Maestro 9.6. Myricetin was found
to be encouraging based on their docking free energy score
(Gscore) and ADME/T properties. Most interesting aspect of
myricetin is their excellent QPlogPo/w, QPlogllerg K*

Fig. 4 ADME/T properties.
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radius,

Structural and physiochemical properties of Myricetin

Molecular weight (<500 Da).
Solvent Accessible Surface Area {SASA]); Tolal solvent surface area {SASA] in square angsiroms using a probe with a 1.44
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channels, QPlogBB, QPlogkP, QPlogKhsa values that fulfill
the Lipinski’s rule of five (Table 4 and Fig. 4). However, these
compounds do not have very good QPP Caco, QPP MDCK
values and percentage of human oral absorption. Therefore,
myricetin structural modifications and optimization are re-
quired to predict structures that have better QPP Caco, QPP
MDCK and percentage of human oral absorption activity. IBS
compounds STOCKIN-41893, STOCKIN-39395,
STOCKIN-73865, STOCKIN-36722, and STOCKIN-
08688 have 100 % percentage of human oral absorption and
other value such as QPlogPo/w, QPlogHerg K' channels;
QPlogBB, QPlogKP, QplogKhsa, QPPCaco, and QPPM
DCK fulfill the Lipinski’s rule of five. These compounds
may be used to further for biological evaluation as an RTKs
inhibitor.

Effect of myricetin on EGFR, mTOR, Bid, Bcl-2, and IR
mRNA expression in cancer cell lines

The mRNA expression of total [R isoform, EGFR, mTOR,
Bid, and Bcl-2 was determined using the RT-PCR analysis.
One band for each mRNA studied was observed at the esti-
mated size to determine the specificity of each primer set. We
investigated whether myricetin could impede EGFR, IR,
mTOR, Bid, and Bel-2 expression in HepG2, A549, H460,
and PC3 cells. Cells were incubated for 48 h with the
myricetin and determine the mRNA expression by using RT-
PCR. Interestingly, RT-PCR results show that the myricetin
have a potential for robust inhibition of EGFR and mTOR
mRNA expression, Furthermore, pro-apoptotic proteins Bid
and anti-apoptosis protein (Bcl-2) expression was determined
by RTPCR. Moreover, myricetin reduces the Bel2 expression
and induce the pro-apoptotic proteins Bid expression. The RT-
PCR densitometric bands analysis showed that myricetin re-
duced the mRNA expression of EGFR by 20, 30, 50, and
20 % in HepG2, A549, H460, and PC3 cells respectively at
80 uM concentration. Meanwhile, myricetin diminished the
mRNA expression of [RA by 35, 50, and 35 % in HepG2,
A549, and H460, and at the same time myricetin reduced the
mRNA expression of TRB by 40 and 30 % in HepG2 and
AS549 respectively. Moreover, myricetin decreased the
mRNA expression of mTOR by 30, 20, 10, and 26 % in
HepG2, A549, H460, and PC3. Myricetin increased the
mRNA expression of Bid by 45 and 50 % in H460 and
PC3 at 80 pM concentration. As long as, myricetin decreased
the mRNA expression of bel-2 by 50, 20, 10, and 26 % in
HepG2, A549, H460, and PC3 (Fig. 5). The primer Sequences
used in the study listed in Table 3.

Effects of myricetin on cell growth of cancer cells

To evaluate the cytotoxicity of myricetin in cancer cell
lines, MTT assay was performed. Cells were cultured

with 5, 10, 20, 40, and 80 pM myricetin for 48 h.
Myricetin exhibited a remarkable reduction of cell pro-
liferation against cancer cell lines in a concentration-
dependent manner at concentrations between 5 and
80 pM. Furthermore, myricetin evinces a reduction of
cell proliferation against lung cancer cells A549 in a
concentration-dependent manner. The mean 30 % inhib-
itory concentration of myricetin on cell growth was at

a
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400 bp

Crl Myr Crl Myr

300bp Bel-2

Bid Bad
Crd Myr ©Cd  Myr = GAPDH

\_ Myr Crl
mTOR M IRA IRB
. . I Y
Ty crl  Myr r yr
M Bcl2 GAPDH
T Crl Crl Myr
mTOR
Crl Myr
Bel-2
Crl Myr Gl Myr Crl My
PC3
EGFR M mTOR
...._[:: s o |
3008p Crl Myr Crl  Myr
Gl Myr
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Fig. 5 Effect of myricetin an IR, EGFR, mTOR, Bid and Bcl2 mRNA
turnover in scleeted four cells (a, b, ¢, and d). Cells were treated with
80 pM myricetin for the indicated time periods. IR, EGFR, mTOR, Bid
and Bel2 mRNA levels were determined by RT-PCR and normalized to
[B-actin and GAPDH as the loading control. mRNA of TR, EGFR, mTOR,
Bid, and Bel2 has changed in cells treated with myricetin treatment (e, f,
g, h, i, and j). Myricetin down-regulated the expression of TR, EGFR, and
mTOR. Moreover, myricetin inhibited the mRNA expression of anti-
apoptotic gene products Bel-2 but up-regulated the expression of
mﬂnl(m(, gene mudu(,t Bid. [Crl (Control), Myt imvm,r:tmﬂ
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Fig. 5 (continued)

20 uM on A549 cells for 48 h treatment (**FP<0.01).
While, the mean 50 % inhibitory concentration of
myricetin on cell growth was at 80 pM in PC3 cells
(¥**P<0.001). Our previously published literature
showed that myricetin treatment on HepG2 and H460
cells reduces the cell proliferation [22]. A number of
reports confirm that the myricetin execute a critical role
in the inhibition of PC3 cell apoptosis in a dose-
dependent manner. Although, a noticeable synergistic
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effect on inhibition of cell proliferation was observed
when myricetin was used in combination with
myricitrin, Myricetin alone was also equally adept in
inhibiting the cell proliferation of HL-60 (leukemia),
HepG2 (hepatoma), pancreatic Cancer (MIA PaCa-2,
Panc-land S$2-013) and T24 cells in a dose and time-
dependent manner [19, 20, 18]. Mareover, Myricetin
was found to impede H202-induced apoptosis in
Chinese hamster lung fibroblast (V79-4) cells (Fig. 6a).
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Myricetin reduces ROS level in cancer cells

The conversion of non-fluorescent CM-H2DCFDA to fluo-
rescent DCF was used to measure the intracellular production
of ROS. Myricetin exposures, significantly reduces the ROS
generation, were observed on HepG2, A549, H460, and PC3
cells after 48 h treatments. Cells were cultured with 5, 10, 20,
40, and 80 uM myricetin for 48 h and calculated the ROS
reduction. The mean 40 % ROS reduction at 40 pM on
A549 cells (***P<0.001), whereas, 30 % ROS reduction at
80 uM concentralion in HepG2 (***P<0.05) and PC3
(¥**P<0.001) cells. Furthermore, in-vivo, treatment of
myricetin on orthotropic pancreatic tumors, increases the tu-
mor regression and decreased metastatic spread. Myricetin-
induced apoptosis by modulating the PI3K and p38 MAPK
signaling pathways on human T24 bladder cancer cells and
HepG2 Cells [19, 20] (Fig. 6b).

Cell migration assay

We investigate whether the treatment of myricetin in-
hibits the migration of HepG2, A549, H460, and PC3
cells. For instance, we determine the effect of concen-
trations 5 to 80 uM of myricetin on HepG2, A549,
H460, and PC3 cells. Representative photomicrographs
of the HepG2 and PC3 cells after the treatment of dif-
ferent concentration of myricetin shown in Fig. 7(a, ¢).
Figure 7(b, d) showed the migration of HepG2 and
PC3 cells treated with different concentrations of
myricetin relative to untreated control cells. Treatment
with the myricetin (5, 10, 20, 40 and 80 pM) reduced
the migration of selected cells and increases the wound
in a concentration-dependent mannet, The mean 50 %
increases the wound at 80 uM on PC3 (**P<0.01)
cells.

Mpyricelin was observed (o ameliorate inoperative insulin
signaling via [3-endorphin signaling in the skeletal muscles of
fructose-fed rats. Myricetin enhances the secretion of f3-en-
dorphin, followed by peripheral p-opioid receptors activation
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Fig. 6 a Affect of myricetin on the cell growth in A549 and PC3 cells
after the treatment of 5, 10, 20, 40, and 80 pM myricetin for 48 h.
Myricetin reduces the cell growth of the A549 and PC3 cells in a dose-
dependent manner determined by the MTT assay. b Affect ol myricetin
on oxidative stress in Hep(G2, A549, H460, and PC3 cells. Myricetin
reduces ROS level on the Hep(2, A549, H460, and PC3 cells in a
dose-dependent manner determined by the CM-H.DCFDA fluorcscent
based assay. *P<0.05, **<0.01, and ***/<0.001 versus controls

which leads to amelioration of impaired insulin receptors sig-
naling [39, 40]. JAK1/STAT3 pathway in its role as a second

Table 5 Primer sets used for

amplification Sr. No.  Name of gene

Forward primer (5' to 37)

Reverse primer (5" to 37

[R-x‘\
IR-B
mTOR
Bcl-2
Bid,
EGFR
PB-Actin
GAPDH

B b

f--R = NN

TGAGGATTACCTGCACAACG
CGTCCCCAGAAAAACCTCTTC
CCAACAGTTCACCCTCAGGT
CATGTGTGTGGAGAGCGTCAA
GCTGTATAGCTGCTTCCAGTGTA
S'ATGCCCGCATTAGCTCTTIAGS!
GTGGGGCGCCCCAGGCACCA
ACGGATTTGGTCGTATTGGGCG

ACCGTCACATTCCCAACATC
GGACCTGCGTTTCCGAGAT
GCTGCCACTCTCCAAGTTTC
GCCGGTTCAGGTACTCAGT CA
GCTATCTTCCAGCCTGTCTICTC
S'GCAACTTCCCAAAATGTGCCS
CTCCTTAAGTCACGCACGATTTC
CTCCTGGAAGATGGTGATGG

@ Springer



Invest New Drugs

Control

Myricetin 10uM

Myricetin 8OpM

Myricetin SuM

Myricetin 20pM Myricetin 40uM

80 pixels 80 pixels

Mfetin 40pM Myricetin é0|.| M

@ Springer



Invest New Drugs

4 Fig. 7 Myricctin reduces cell migration in the HepG2, A549, H460, and
PC3 cells determined by wound-healing assay. Representative
photomicrographs of the HepG2 and PC3 cells atter the treatment of
different concentration of myricetin (a and ¢). One million HepG2 and
PC3 cells were seeded in a six-well plate and grown ovemight and
allowed to adhere overnight. Next day, cultures were replaced with
fresh medium containing 0.5 % FBS medium (Serum starvation). Cells
were treated with ditferent concentration of myriceting monolayer cells
were scratched with a 200 pl pipette tip to create a wound and wush with
media to removed Hoating cells and incubated for 48 h. The rate of wound
closure was analyzes and photographed after 48 h and adding scale bars to
images using Imagel (b and d). Figure e shows that width of wound
increases after the treatment of myricetin for 48 h in all selected cell
lines. *P=0.05, **P<0.01, and ***P<0.001 versus controls

messenger is a well-known cell signaling cascade involved in
regulating numerously cellular processes, viz. Growth, devel-
opment and maintenance of immune system homeostasis.
JAK1/STAT3 pathway activated by cytokine and growth fac-
tor including insulin; IGF1 and EGF have been advocaling a

Control

80 pixels

yricetin 20uM

significant role in cell proliferation [41, 42]. It is reported that
myricetin, bind to JAK1/STAT3 to inhibit cell transformation
in EGF activated mouse JB6P™ cells [43].

A number of reports, confirm that myricetin inhibiting the
cell proliferation of leukemia (HL-60), hepatoma (HepG2),
prostate cancer (PC3) and urinary bladder carcinoma (T24)
cells in a dose and time-dependent manner [19, 44, 20].
Moreover, myricetin was also found to inhibit H,O,
induced apoptosis in Chinese hamster lung fibroblast
(V79-4) cells. As evidenl in several reports, [avonoid
myricetin induced apoplosis and cell eycle arrest follow-
ed by inhibiting cell proliferation via decreasing the
activity of PI3K pathways in primary and metastatic
pancreatic cancer cells. It is evidenced that, myricetin
could directly target Akt serine/threonine kinase to in-
hibit cell transformation via competing with ATP [45,
46]. Myricetin was seen to induce apoptosis by modu-
lating the metabolic PI3K and mitogenic MAPK
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signaling pathways in hepatoma, urinary bladder carci-
noma, prostate cancer, and skin cancer cells [47, 48].
Mpyricetin has been shown to restrain the cell prolifera-
tion of hepatoma and oesophageal adenocarcinoma cells
via inducing G2/M phase arrest [49-51].

Molecular docking of compounds with andregen
receptors (AR) and estrogen receptors (ER)

The AR and ER are expressed in many lissues and has
been found to play an importanl roles in hormone-
dependent tumorigenesis and metastasis in number of
cancers such as prostate, bladder, kidney, lung, breast
and liver [52, 53]. In this context, we performed molec-
ular docking study of AR against selected natural com-
pounds. Molecular docking results indicate that the
myricetin have better Gscore then previously available
drugs such as bicalutamide and nilutamide. Molecular
docking results of 2PIV against seclected natural com-
pounds disclosed that the myricetin have better Gscore
—10.47 Kcal/mol respectively. Moreover, protein-ligand
interactions of 2PIV with the myricetin divulge that
Leu704, Leu 707, Trp741, Met742, Val746, Met749,
Met780, Leu873, and Phe876 involve in the hydropho-
bic interactions. Furthermore, Asn705 amino acid in-
cluded in sidechain hydrogen bond, and Thr877 amino
acid included in back-bone hydrogen bond at the active
site of AR with myricetin. Moreover, amino acids
Phe764 of AR form pi-pi stacking interaction in the
active sitc of AR. Molecular docking results of 3ERT
against selected natural compounds disclosed that the
myricetin have Gscore —7.7 Kcal/mol and protein-
ligand interactions same as an anti-ER compounds
CID449459 (Afimoxifene) and CID104741
(Fulvestrant). Amino acids Met343, Leu347, Trp383,
Leu384, TyrS26, and Met528 involve in the hydropho-
bic interactions. Amino acid Asp351 and Leu525 intri-
cate in sidechain hydrogen bond and backbone hydro-
gen bond interactions respectively with myricetin
(Fig. 8, Tables 6 and 7). Moreover, cross-talk with
growth factor at downstream signaling led to the emer-
gence of androgen-independent prostate tumors. It is
reported that wine-derived phenolics compounds
piccatannol and myricetin aet as agonists for ERa in
breast cancer cells [54]. AR and receptor RTKs cross-
talk at the downstream level leads to increases tissue-
specific cell proliferation [55-59]. Flavonoids exhibit
antitumor activity in AR-positive as well as AR-
negative prostate cancer cell lines whereas in the case
of breast cancer ER positive and negative cell lines.
Consequently, it was reported that flavonol aglycones
(quercetin, fisetin, galangin, kaempferol, and myricetin)
exert enough intense cytotoxic activity on AR-dependent
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Table 6 Lowest binding energy for the higand-AR (PDB, 2P1V) protein interactions as detected by Maestro

Ligand typc Compounds ID GScore  Lipophilic Evdw  HBond  Eleciro  Protein-ligands interaction

AR Inhibitors (Control) CID2375 -587 587 -0.85 0 Asn705, Phe764, and Thr 877
ClD4493 -537 414 -0.36 -0.21 Asn705, Phe764, and Thr 877

Amticancer Natural Compounds — CID3281672 -10.05 —4.67 -3.83 —0.99 Asn705, Phe764, and Thr 877
CID65064 995 54 -4.26 —1.54 Leu701,Asn705, Phe764, and Thr 877
CIDT72277 —9.45 —4.381 -2.99 —0.96 Asn703, Phe764, and Thr 877
CID3280343 93 —4.59 34 —0.66 Asn705, Phe764, and Thr 877
CID457964 -9.15 4.8l —2.88 —0.97  Asn705, and Thr 877

1BS STOCKIN-33104  -10.21  —5.79 -2.33 —1.03  Asn705, and Arg752
STOCKIN-26380 573 36 -1.59 —0.95 Asn705, Arg752, and Thr 877
STOCKIN-21131 9.4 —5.77 —-1.51 —0.89 Asn705, and Arg752
STOCKIN-08688 —9.08 573 -1.35 0.8 Asn705, and Mct745
STOCKIN-53196 902 5.69 -1.38 043 Leu701, and Arg752

Table 7 Lowest binding energy for the ligand-ER (PDB, 3ERT) protein interactions as detected by Maestro

Ligand Compounds 1D GSeore Lipophilic HBond Electro Protein-ligands
type Evdw interactions
ER inhibitors (C1D449459 -10.4 —7.04 —0.87 —1.02 G353 and Arg3%4
(Control) CID104741 -9.72 -5.82 ~0.79 —0.99 Glu3s3 and Arg394
CID5281672 =7.77 -2.8 -3.81 -1.02 Asp351] and Leu525

prostate cancer cells [60]. Furthermore, it was observed
that the flavonols quercetin, kaempferol, and myricetin
inhibited hepatocyte growth factor signaling in a medul-
loblastoma cell line, that led to the inhibition of cell
migration [61]. More work is required in the AR sensi-
tive LNCaP prostatic cell line and ER™ breast cancer
cells to ascertain biological effect of myricetin on AR/
ER.

Conclusion

The results of the present study demonstrate that, docking free
energy calculated the excellent dock score for the myricetin
when docked with EGFR, IR, and AR\ER. Information ac-
quire from these studies can prove to be useful to fathom the
protein-ligand interactions that are required to strengthen the
cell growth inhibitory activity, as well as ADME/T properties.
MTT results indicate that the myricetin inhibit the cell viabil-
ity and proliferation of cancer cells in a dose-dependent man-
ner. Treatment of myricetin in cancer cell lines led to down-
regulation of mRNA expression of EGFR, IR, mTOR, and
Bel-2. Collectively, these results indicate that the myricetin
reduces cell proliferation of cancer cell through EGFR and
IR followed by mTOR signaling, Our in silico and in vitro
data compiled from the current study cannot only be

usefulness in myricetin anticancer activity, but also in the
medley of bioactive basic skeleton (parent compounds) to
design and synthesize novel potent anticancer compounds,
Structural modification of the natural myricetin skeleton
may be help to improved anticancer activity as well as
ADME/T properties. Although, further in vitro and in vivo
experimental studies are needed for the experimental valida-
tion of our findings.
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