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Abstract

Background Cyclooxygenase enzyme is frequently overexpressed in various types of cancer and found to play a crucial role
in poor prognosis in cancer patients. In current research, we have reported the new COX-2 inhibitors for cancer treatment
using computer-aided drug design and experimental validation.

Methods A total of 12,795 compounds from the different databases were used to screen against the COX-2 enzyme. It per-
ceived three new compounds with better binding affinity to the enzyme. Afterwards, physicochemical properties and in silico
bioactivity were assessed for efficacy, safety, and structural features required for binding. The molecules were synthesized
and confirmed by spectroscopic techniques. Later on, molecules were evaluated for their anti-cancer activity using MCF-7,
MDA-MB-231 and SiHa cancer cell lines.

Results Compound ZINC5921547 and ZINC48442590 (4a, and 4b) reduced the MCF-7, MDA-MB-231, and SiHa cells
proliferation potently than parent compounds. The PG-E2 estimation shown, both compounds act through the COX-2 PGE2
axis. Compound 4a and 4b block the cell cycle at G1-S phase and induce cancer cell death.

Conclusions We concluded that compounds 4a and 4b effectively promotes cancer cell death via COX-2 PGE2 axis, and
further in vivo studies can be evaluated for development in both compounds as anticancer agents. The compilation of this
information will help us to generate better outcome through robust computational methods. The high-quality experimental
results may pave the way for identifying effective drug candidates for cancer treatment.
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Introduction

Cyclooxygenase (COX) is widely known as a critical
target protein for targeting various cancers. It belongs
to the family of isozymes, EC 1.14.99.1, also referred to
as prostaglandin-endoperoxide synthase (PTGS). There
are two known isoforms of COX-2 (COX-1 and COX-2),
homodimer with 71 KDa monomeric unit. This enzyme
is responsible for the baseline level formation of pros-
tanoids, including thromboxane and prostacyclin [1, 2].
It catalyzes the conversion of arachidonic acid to pros-
taglandins (PGs), which play a significant role in cancer
cell proliferation and cell death [3-5]. Overexpression of
COX-2 targeted protein is associated with precancerous
lesion, cancer initiation and progression [6, 7]. It has been
found in different multiple cancer types including breast,
ovarian, melanoma, glioblastoma, prostate etc. [3, 8, 9].
The treatments of cancer are challenging due to its hetero-
genicity, high recurrence, and high mortality rate causing
millions of cancer-related deaths worldwide [10-12]. The
new approach emphasizes primarily identifying active
molecules for the COX-2 enzyme-containing noteworthy
activity in cancer treatment.

COX-2 expression in primary breast cancer has been
observed in nearly 40% of patients at both pre-invasive
and invasive stages of the disease [13]. In addition, the
expression is significantly associated with breast cancer
progression and is stimulated by different growth factors,
tumor promoters, cytokines, mitogens, hormones and
prostaglandins which are associated with inflammatory
processes and are seen as a prognostic factor in cancer
development and progression [14—16]. Upregulation of
cyclooxygenase-2 (COX-2) in human cancers has been
demonstrated in limited studies including in breast carci-
nomas, human colorectal cancers, colon cancer, prostate
adenocarcinomas, gastric adenocarcinoma, and adenoma,
in head and neck cancer [9]. In view of the above facts,
COX-2 has been the cause to induce angiogenesis in vari-
ous types of tumors and it is a target of COX-2 inhibitors
for therapeutic use [9, 17, 18].

Conceptually, NSAIDs prevent cancer through their
effects on the eicosanoid pathways. COX-2 inhibitory
drugs show protective effects in breast cancer. Some stud-
ies reported that Triple Negative Breast Cancer (TNBC)
and COX-2 expression are associated with worse outcomes
in early and locally advanced breast cancer patients due to
large tumor size and higher grade are associated with ER-/
PR-negative [19, 20]. Since, human cancers have elevated
PGE, levels (most abundant prostaglandin) and its inhibi-
tion associated with the tumor development and progression.

A large number of chemicals are difficult to carefully
test and evaluate. Instead, standard toxicity testing and
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applying computational methods have been limited to
only a small number of chemicals. Based on the in silico
investigation, three new compounds were selected and
evaluated the anticancer activities followed by chemical
evaluation. Multiple computational studies, in vitro and
in vivo studies have been supported the notion that COX-2
has utility against many forms of cancers [9, 21]. The com-
puter-aided drug design (CADD) approach made it pos-
sible to identify new potential inhibitors against a target of
interest [22]. Precise treatment of individual components
is pivotal to calculating the binding free energies. Compu-
tational methods have been used for identifying potential
drug molecules for the targeted protein [23]. We high-
lighted the identification of COX-2 inhibitors that were
subjected to further in vitro validations for the treatment
of breast cancer.

Identification of new compound analogs with improved
solubilities and activities, a series of fenamates N-substituted
anthranilic acid derivatives were designed and synthesized
based on the in-silico outcomes. The fenamates non-steroid
anti-inflammatory drugs (NSAIDs) are extensively chosen
for the treatment of pain, fever, and inflammation [24, 25]
and also have shown an effect on cancer prevention [26]. In
most cancer cases, the expression level of COX-2 is directly
proportional to tumour growth. Most classes of Fenamates
are the utmost potent NSAIDs COX-2 inhibitors [24]. Sev-
eral studies found that NSAIDs are capable to inhibit cancer
proliferation via suppressing angiogenesis, metastasis and
regulating several apoptosis-related signalling pathways[27].
Some of the fenamates N-substituted anthranilic acid deriva-
tives show the potential starting point for the identification
of new candidates for anticancer agents, promising pharma-
cological and therapeutic medicines [28].

Fenamates are a subgroup of NSAIDs that is the close
isosteric analogue of salicylic acid and are promising
therapeutic medicines against breast cancer[26]. Based
on in-silico outcomes, mefenamic acid, tolfenamic acid
and flufenamic acid were used as parental compounds
that have long been used as a medicinal agents and are
deemed safe [24, 29]. Interestingly, these fenamates have
been reported potently suppresses proliferation and induce
apoptosis when tested against multiple breast cancer cell
lines [26, 30-33]. However, the detailed efficacy and
mechanisms of these derivatives as anti-cancer agents
in vitro are very limited. Thus, the use of these primary
agents prompted to synthesize of the desired compounds
and to further confirmed the anticancer effect is plausi-
ble. Hence, in the current study, we identified the lead
compounds that showed noteworthy potential in develop-
ing anticancer drugs, based on computational methods
then synthesized, and in vitro investigated the inhibitory
effect of compounds from cervical cell line SiHa cell and
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human breast carcinoma cell lines such as MCF-7 and
MDA-MB-231 cells line. This study also aimed to PGE-2
was also examined to test whether a reduction in cell pro-
liferation is due to prostaglandin.

Methods
Computational studies
Protein Preparation

Computational methods using licensed software Schro-
dinger maestro 16.4 version and online resources were
implemented to find out the best results. The 3D struc-
ture of potential COX-2 inhibitors (PDB ID: 5IKR)
was imported from the Protein Data Bank (www.rcsb.
org) indicated in Fig. 1. It consists only of heavy atoms
and may include a co-crystallized ligand, water mol-
ecules, metal ions, and cofactors. PDB structure gives
information regarding missing amino acids and their
connectivity, which must be assigned. Besides this, the
structure also assigns the bond orders, hydrogen and
formal charges, so the initially protein preparation step
is used. Optimization of protein was done at neutral pH
and the structure was minimized using the optimized
potential for liquid simulations (OPLS-2005) force field
for refining the structure, by a heavy atom convergence
threshold of 0.3A[34]. The prepared structure was then
checked for Ramachandran core values using the PRO-
CHECK server [35].

Selection of ligands

The virtual screening of 12,795 compounds was per-
formed using different databases with a structure similar
to that of the COX-2 inhibitor. We downloaded different
ligands in .smi format (1584, 10,126 and 1085 ligands)

Ramachandran Plot

Psi (degrees)

Fig. 1 Crystal structure of minimized COX-2 protein and Ramachan-
dran Plot

from Zincl5 (http://zinc.docking.org/) [36], ChemSpi-
der database (http://www.chemspider.com/) [37, 38] and
BindingDB database (https://www.bindingdb.org/) [39].
The databases were computationally screened by the
structural similarity calculation using metrics Tanimoto
coefficient (Tc) > 0.70, where the two or more compounds
share the same activities (similarity >0.70). These com-
pounds were visually inspected for the possibility of their
predicted binding modes. The ligands were prepared using
the LigPrep module for ligand refinement to adjust the
chemical correctness (protonation and chiralities), ste-
reochemical, ring conformations and ionization variation
[40, 41]. The ligands low energy was optimized using the
OPLS-2005 force field and possible states were generated
from pH 7.0 +2.0.

Molecular docking

Grid generation was done using the receptor grid gen-
eration platform using the GLIDE (Grid-based Ligand
Docking with Energetics) module of Schrodinger Suite
that determines and marks the active site position [42].
In the present study, Rigid Receptor Docking (RRD) was
generated at the centroid of the co-crystallized ligand to
calculate the binding affinity and scores of the interactions
between the target and ligands. The three-level docking
methods of RRD were utilized. Docking calculations were
performed using lower stringency to higher stringency
through high throughput virtual screening (HTVS), stand-
ard precision (SP), and extra precision (XP) and used the
default parameters [42, 43]. The XP scores are mentioned
in kcal/mol, the more negative scoring gives the better
binding. Therefore, the XP score improves the selection of
the actual binding pose. Prime MMGBSA module is also
estimated to have relative binding affinities of the ligands
with the proteins [21, 44].

ADMET properties

Later, the compounds were screened for Adsorption, Dis-
tribution, Metabolism, Excretion, and Toxicity (ADMET)
properties and as calculated using in silico algorithm. Qik-
prep module from Schrodinger maestro was used. These
properties are the most challenging part of the drug devel-
opment process. It predicts both physicochemical and phar-
macokinetically relevant properties which influence much
of the likelihood of success of the hit candidates. These
properties are of prime importance for a molecule to be an
active drug [45, 46]. Overall, ADMET risk provides a range
between 0 and 24, where a lower value represents better
draggability. The drug-likeliness of all the compounds was
assessed by analysis of the pharmacokinetic profile and
Lipinski’s rule of five [47].

@ Springer


http://www.rcsb.org
http://www.rcsb.org
http://zinc.docking.org/
http://www.chemspider.com/
https://www.bindingdb.org/

122

DARU Journal of Pharmaceutical Sciences (2023) 31:119-133

Cu, CuO, DMF
Potassium acetate

Cl R?
+
o) R’

OH NH,
0-Chlorobenzoic Aniline derivative
acid (1) 2)
aR'=CHj R%2=Cl
b R"= CHj3, R? = CHj4
cR'=H, R?=CF4

Scheme 1 Synthesis of compounds 4a-b and 5a-c

Chemistry evaluation

The satisfactory outcomes by in silico studies prompted
us to synthesize the compound for further confirmation as
depicted in Scheme 1.

Experimental section
General information

The purchase of all the utilized chemicals was done from
commercial suppliers and used as such. 2-chlorobenzoic
acid, Cu and CuO were purchased from CDH Fine chemi-
cals and 3-chloro-2-methylaniline,2,3-dimethylaniline, and
3-(trifluoromethyl)aniline were purchased from TCI Chemi-
cals. The progress of the reaction was monitored using TLC
Silica gel 60 F,s, plates. Melting points of the compounds
were determined by the help of laboratory melting point
apparatus. IR spectra were recorded on Perkin Elmer Spec-
trum II instrument and KBr pellet was used. 'HNMR spectra
of the compounds were recorded at 300 MHz and 500 MHz
on Bruker NMR instrument using DMSO-d, as solvent.
Chemical shifts ¢ are expressed taking TMS as internal
standard. Splitting patterns are designated as singlet (S),
duplet (d), triplet (t) and multiplet (m). The mass spectra of
the compounds were recorded using XEVO G2-XS QTOF
mass spectrometer. The elemental analysis was determined
by CHNS elementar.

General procedure for synthesis of substituted 2-(phe-

nylamino)benzoic acid (3a-c¢) o-Chlorobenzoic acid (1,
0.5 g, 3.1 mmol) was dissolved in DMF (4 mL) in the round
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bottom flask (50 mL). To this solution, Cu (0.0173 g, 0.24
mmol), CuO (0.0096 g, 0.12 mmol) and fused potassium
acetate (0.3134 g, 3.1 mmol) were added slowly. The reac-
tion mixture was vigorously stirred at 160°C for 30 min.
Then aniline derivative (2, 3.5 mmol) was added to the
above reaction mixture, and reaction was allowed to stir
for 3 h. The reaction progress was monitored using TLC
(benzene:ethyl acetate, 4:1). The reaction mixture cooled to
room temperature and filtered after completion of the reac-
tion using celite pad. The obtained filtrate was concentrated
in vacuo and to this solution dil. HCI was added to obtain a
solid product (3a-c).

2-((3-chloro-2-methylphenyl)amino)benzoic acid
(3a): Mp. 207-209 oC (lit. mp 210-2140C)?%; IR
(KBr, cm—1): 3401, 3339, 2857, 2644, 1655, 1581,
1498, 1431, 1261, 1164, 1010, 892, 776, 684; 1 H NMR
(DMSO0-d6, 300 MHz): 6 2.52 (s, 3 H, CH3), 7.05-7.11
(m, 2 H), 7.25 (t, J=3 Hz, 1 H), 7.59-7.67 (m, 2 H),
7.75-7.80 (m, 2 H), 9.02 (s, 1 H, NH), 11.08 (s, 1 H,
OH); Mass: m/z 261.0; Anal. Calcd for C14H12CINO2:
C, 64.25; H, 4.62; N, 5.35%. Found: C, 64.28; H, 4.64;
N, 5.30%.

2-((2,3-dimethylphenyl)amino)benzoic acid (3b): Mp.
234-236 °C (lit. mp 230-231 °C)2!); IR (KBr, cm™!):
3398, 3109, 3045, 1659, 1567, 1501, 1489, 1257, 1131,
1022, 748, 676; ' H NMR (DMSO-d6, 300 MHz): &
2.10-2.25 (m, 6 H, CHj;), 6.98-7.05 (m, 3 H), 7.35-7.43
(m, 2 H), 8.29-8.35 (m, 2 H), 8.90 (s, 1 H, NH), 10.89 (s,
1 H, OH); Mass: m/z 241.20; Anal. Calcd for C,sH,5NO,:
C, 74.67; H, 6.27; N, 5.81%. Found: C, 74.62; H, 6.29;
N, 5.78%.
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2-((3-(trifluoromethyl)phenyl)amino)benzoic acid (3c):
Mp. 123-125 °C (lit. mp 125 °C)?!; IR (KBr, cm™):
3452, 3105, 3001, 2975, 1643, 1575, 1484, 1311, 1265,
1145, 1085, 775, 670; 'H NMR (DMSO-d6, 300 MHz):
68 7.13-7.20 (m, 2H), 7.60-7.69 (m, 2H), 7.57 (s, 1H),
8.2-8.32 (m, 3H), 9.02 (s, 1H, NH), 10.45 (s, 1H, OH);
Mass: m/z 281; Anal. Calcd for C,H, F;NO,: C, 59.79;
H, 3.58; N, 4.98%. Found: C, 59.75; H, 3.60; N, 4.96%.

General procedure for the synthesis of substituted 2-(phe-
nylamino)benzamide (4a-b) Substituted 2-(phenylamino)
benzoic acid (3a-b, 0.1 g, 0.38 mmol) was dissolved in DMF
(4 mL) in a round bottom flask (25 mL) and the tempera-
ture was maintained at 0-5°C. To this solution EDC, HCI
(0.0878 g, 0.45 mmol), and DMAP were successively added
and the reaction mixture was stirred at 0-5°C till precipitate
was obtained. Then HOBt (0.0702 g, 0.45 mmol) was added
to the reaction mixture and the temperature is then main-
tained at 0-5°C. After 1 h, NH,Cl (0.0245 g, 0.45 mmol)
was successively added to the reaction mixture and the mix-
ture was stirred at room temperature for hours. The reaction
progress was monitored using TLC (chloroform:methanol,
9:1). After completion of the reaction, ice-cold water was
added to the reaction mixture to obtain precipitate which
was collected by filtration. The obtained crude product was
subjected to purification technique column chromatography
over silica gel (60—120 mesh) using chloroform:methanol as
eluent to get the desired product (4a-b).

2-((3-chloro-2-methylphenyl)amino)benzamide (4a):
Mp. 166 °C; IR (KBr, cm™!): 3491, 3450, 3341, 3202,
2921, 1932, 1637, 1577, 1445, 1393, 1288, 1161, 1005,
801, 748, 637; ' H NMR (DMSO0-d6, 300 MHz): § 3.50
(s, 3 H, CH;), 5.17 (s, 2 H, NH,), 6.55-6.59 (m, 2 H),
6.84 (t, J=3 Hz, 1 H), 7.50-7.66 (m, 2 H), 7.72-7.74
(m, 2 H), 7.94-7.98 (m, 1 H); '* C NMR (DMSO-d6,
75 MHz): § 14 (1 C of CHj), 112, 113, 116, 119, 127,
129, 130, 132, 134, 136, 172 (C=0); Mass: m/z 261.08;
Anal. Calcd for C,H5CIN,O: C, 64.50; H, 5.03; N,
10.74%. Found: C, 64.48; H, 5.04; N, 10.76%.

2-((2,3-dimethylphenyl)amino)benzamide (4b): Mp.
145 °C (lit. mp 140-141 °C)122; IR (KBr, cm™): 3489,
3447, 3374, 3209, 1635, 1578, 1505, 1447, 1287, 1149,
1072, 746, 636; '"H NMR (DMSO-d6, 300 MHz): &
2.21-2.27 (m, 6H, CH;), 6.69 (t, J=7.5 Hz, 1H), 6.78
(d, J=8.7 Hz, 1H), 6.92 (d, J=6.3 Hz, 1H), 7.03-7.108
(m, 1H), 7.23 (t, J="7.8 Hz, 1H), 7.40 (s, 2H, NH,), 7.68
(d, J=9 Hz, 1H), 8.03 (s, 1H, NH), 9.90 (m, 1H); 1*C
NMR (DMSO-d6, 75 MHz): § 19, 21 (2C of CHj), 118,
119, 126, 127, 133, 138, 149, 172 (C=0); Mass: m/z

241.12; Anal. Calced for C H,(N,0: C, 74.97; H, 6.71;
N, 11.66%. Found: C, 74.98; H, 6.69; N, 11.67%.

General procedure for the synthesis of substituted 2-(phe-
nylamino)benzoyl chloride (5a-c) Substituted 2-(phe-
nylamino)benzoic acid (3a-c, 0.5 g, 1.7 mmol) was taken in
a RB flasks also called round bottom flask (50 mL). To this
thionyl chloride (0.15 mL, 2.1 mmol) was added slowly. The
reaction mixture was then refluxed for 3 hours. The reaction
progress was observed using TLC (chloroform:methanol,
9:1). After completion of the reaction, SOCI, was evapo-
rated by in vacuo. The obtained crude product was subjected
to column chromatography over silica gel (60—120 mesh)
using hexane:ethyl acetate as eluent to get the desired prod-
uct (5a-c).

2-((3-chloro-2-methylphenyl)amino)benzoyl chlo-
ride (5a): IR (KBr, cm™!): 3282, 1627, 1596, 1573,
1499, 1238, 1198, 997, 755, 681; ' H NMR (DMSO-d6,
500 MHz): & 2.09 (s, 3 H, CH;), 7.30-7.33 (m, 1 H),
7.34-7.42 (m, 1 H), 7.48-7.54 (m, 1 H), 7.74-7.82 (m,
1 H), 7.48-7.94 (d, J=8.5 Hz, 1 H), 8.10 (d, /=8.5 Hz,
1 H), 8.20 (d, J=7.5Hz, 1 H), 10.70 (s, 1 H, NH); ); * C
NMR (DMSO-d6, 75 MHz): 6 14 (1 C of CH,), 118,
119, 125, 128, 132, 133, 135, 136, 140, 144, 168 (C=0);
Mass: m/z 280; Anal. Calcd for C,,H,,;CI,NO: C, 60.02;
H, 3.96; N, 5.00%. Found: C, 60.00; H, 3.97; N, 5.01%.
2-((2,3-dimethylphenyl)amino)benzoyl chloride (5b):
IR (KBr, cm™'): 3283, 2919, 1625, 1599, 1567, 1538,
1467, 1267, 1193, 904, 754, 684; ' H NMR (DMSO-d6,
500 MHz): & 2.37-2.64 (m, 6 H, CH3), 7.11 (d, J=8 Hz,
1 H), 7.21-7.29 (m, 1 H), 7.71-7.76 (m, 1 H), 7.92 (d,
J=8.5Hz, 1 H), 8.03 (d, /=8 Hz, 1 H), 8.08-8.12 (m,
1 H), 8.19 (d, J=8 Hz, 1 H), 10.47 (s, 1 H, NH); 13 C
NMR (DMSO-d6, 75 MHz): 6 19, 21 (2 C of CH,), 119,
120, 125, 127, 132, 133, 136, 138, 144, 168 (C=0);
Mass: m/z 258.06; Anal. Calcd for C;sH,,CINO: C,
69.37; H, 5.43; N, 5.39%. Found: C, 69.40; H, 5.41; N,
5.37%.
2-((3-(trifluoromethyl)phenyl)amino)benzoyl chlo-
ride (5¢): IR (KBr, cm™): 3280, 3205, 3161, 3002, 2954,
1633, 1603, 1575, 1477, 1322, 1243, 1161, 1120, 1065,
833, 754, 675; '"H NMR (DMSO-d6, 500 MHz): § 7.32 (t,
J=7.5Hz, 1H), 7.50 (d, /=8.5 Hz, 1H), 7.55 (d, /=8.5
Hz, 1H), 7.79 (t, J=10 Hz, 2H), 7.87 (s, 1H), 8.24 (d,
J=8 Hz, 1H), 8.40 (d, J=8.5 Hz, 1H), 12.04 (s, 1H, NH);
13C NMR (DMSO-d6, 75 MHz): & 115 (1C of CF;), 119,
124, 125, 130, 132, 136, 142, 144, 168 (C=0); Mass:
m/z 299; Anal. Calcd for C;,HyCIF;NO: C, 56.11; H,
3.03; N, 4.67%. Found: C, 56.14; H, 3.01; N, 4.65%.
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Biological evaluation (in vitro studies)
Cell culture and drug treatment

Human cervical (SiHa) and breast (MCF-7, MDA-MB-231)
cancer cells were procured from National Centre for Cell
Sciences (NCCS), Pune, India. The cells were maintained
in Dulbecco’s Modified Eagle’s medium (HiMedia, Mum-
bai) with 10% FBS (HiMedia, Mumbai), 100 U/mL peni-
cillin, 100 mg/mL streptomycin and 250 ng/mL ampho-
tericin B at 37°C in a humidified chamber consisting 5%
CO, and 95% air. Cells were then incubated with standard
trypsinization (Trypsin: 0.25%) at 85% confluency, and
subcultured in Y4 ratio for routine maintenance and experi-
mentation. Compound 3a-c, 4a-b and 5a-c were prepared
in DMSO and exposed the cells for 48 h at final volume of
0.1% DMSO.

Cell proliferation assay

The inhibitory effect of selected drugs was measured
by MTT assay [48]. Briefly, SiHa, MCF-7, and MDA-
MB-231 cells were grown overnight in 96 well ELISA
plate at density of 1.25-16 x 10* cells/well and treated
with drug from 5 to 100 pM for 48 h. MTT (240 pg/ml)
was added 4 h prior to end of incubation. Afterword’s,
medium was removed; acidified dimethyl sulfoxide (200
uL/well) was added, and incubated for 5 min at 37°C
under shaking condition. Absorbance values at 570 nm
was recorded using ELISA plate reader. Absorbance was
recorded at 570 nm using ELISA reader and ICs, value
was calculated from dose-response curves.

Prostaglandin E2 (PEG2) inhibitory assay

The PGE2 from culture medium of treated and untreated
cells was estimated using a commercial kit (514,010;
Cayman Chemical, MI, USA) and manufacture instruc-
tion was followed.

Table 1 Binding affinity and ADME prediction

Cell cycle analysis

Siha cells (5 x 10%/per dish) were seeded in 35 mm dish,
left overnight and then treated with drugs. After 48 h, cells
were harvested and fixed in 70% ice-cold ethanol, treated
with solution consisting (50 pg/ml propidium iodide, 0.5%
RNase A and 0.1% Triton X-100) for half an hours at 37 °C.
Cells were analysed using BD FACScan Cell flow Cytometer
(Becton Dickinson USA). Data acquisition and analysis was
done using CellQuest software.

Trypan blue dye exclusion assay

SiHa cells were seeded at a density of 5x 10° per well in 6
well plate, cultured for 12 h, and treated with drug from 5 to
100 uM for 96 h. Afterword, floating cells were transferred
in tube, adherent cells were harvested, and mixed with float-
ing cells before centrifugation. Cells were then stained with
0.4% trypan blue and enumerated under light microscope
using hemocytometer. The live and dead cells were discrimi-
nated based on dye uptake.

Result
In silico studies

Computational ligand-target docking studies were success-
fully performed with 12,795 compounds using different
databases. The COX-2 was minimized structure and ste-
reochemical evaluation was performed through Ramachan-
dran Plot indicated in Fig. 1a and b. Ramachandran plot
showed the percentage of residues: 90.3 favoured regions,
9.2 additional allowed region, and 0.2 generously allowed
region and 0.2 disallowed region, so the finding result by the
Ramachandran plot represent the stereochemical stability of
the minimized structure.

The docking results indicated three identified compounds
(listed in Table 1) with a higher glide XP score than that of
the COX-2 inhibitor. Glide pose viewer file was used for the

S. No. Title XP Score MMGBSA dG QPlog Po/w QPPCaco (<25 QPlogBB QPlog KHSA
(Schrodinger) Bind Score (-2.0t0 6.5) poor, >50 great)  (-3.0to 1.2) (-1.5to0 1.5)

1. ZINC5921547 -10.028 -64.042 -1.927 1231.017 -0.309 0.231
Compound 4a

2. ZINC48442590 -10.007 -62.951 1.215 1162.003 -0.431 -0.758
compound 4b

3. ZINC000039428234 -10.738 -63.204 -1.240 3072.101 0.337 0.571
Compound 5S¢

4. Reference compound (ID8) -9.751 -60.190 0.273 1045.872 -0.266 -1.391
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best conformation in the MMGBSA scoring function which
accounts for the protein flexibility. The calculation of the
“MMGBSA AG Bind” [dG] by the equation:

dGbind = E_complex ;yinimizeay — (E_ligand ;inimizeq) + E_receptor uinimized))

The higher affinity value was found in all selected
compounds ZINC5921547 (4a), ZINC000039428234
(5¢) and ZINC48442590 (4b) (-10.281, -10.738 and
—10.007 kcal/mol) with — 64.042, -63.204 and — 62.951
MMGBSA score compared with native ligand, it indicates
the good-quality results as COX-2 inhibitor. The results
were depicted in Table 1.

The protein-ligand docked structure and their inter-
actions with the residues of the binding pocket were
analyzed using protein-ligand interaction module.
Figures 2, 3 and 4 portrays the interaction patterns
between the main-chain or side-chain of the protein and
compound(s). Hydrogen bonding between COX-2 recep-
tor and ligand is represented by dashed lines in Figs. 2,
3 and 4.

QikProp wizard of Maestro-Schrodinger module and
Molinspiration software were used to find out the ADMET
and drug-likeness properties depicted in Tables 1 and 2.
The pharmacokinetic parameters such as QPlogPo/w, QPP-
Caco, QPlogBB, and QPlog KHSA were analyzed. Several
pharmacological properties of these compounds lie in falls
satisfactorily in the acceptable range. The bioactive score is
mentioned in Table 2.

The present results indicate that the bioactivity
scores of the compounds were between — 5.0 and 0.0.
The molecular descriptors and drug-likeliness proper-
ties of the ligands were also determined by molinspira-
tion software. Based on the output we synthesized and
evaluated their in vitro anticancer activity against three
cancer cell lines.

Fig.2 Docking interaction between ligands (3b, 4b and 5b) and
COX- protein target

B \E\
) N
SQQ% w/
LA _./)s

Fig.3 Docking interaction between ligands (3a, 5a, and 4a) and
COX- protein target

Chemistry evaluation

All the derived compounds were identified with 'H NMR,
FT-IR, mass spectroscopy and evaluated the anticancer
activity by 3-(4,5 dimethylthiazol-2-yl)-2,5-diphenyl tetra-
zolium bromide (MTT) assay against MCF-7 (ER-positive),
MDA-MB 231 (ER-negative), SiHa cell (Human cervical
cancer cell).

The synthesis of intermediates and target compounds
is outlined in Scheme 1. Substituted 2-(phenylamino)ben-
zoic acid (3a-c) was prepared by a substitution reaction
of 2-chlorobenzoic acid (1) and substituted aniline (2)
dissolved in DMF. Cu was used as catalyst and CuO as
co-catalyst to carry out the reaction to obtain the desired
product 3a-c. The obtained products 3a-c¢ were used as
initial materials for the synthesis of products of series
4a-b and S5a-c. To obtain substituted 2-(phenylamino)
benzamide (4a-b), 2-(phenylamino)benzoic acid was dis-
solved in DMF and in this solution EDC. HCI was added
followed by the addition of DMAP. The reaction mixture

Fig.4 Docking interaction between ligands (3c and 5c) and COX-
protein target
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Table 2 Molecular properties and bioactivity scores

miLogP TPSA(A2) Natoms Molecular NON nOHNH violations nrotb Volume GPCR Ligand ICM Kinase Inhibitor NR

EI

PI

S. No. Compounds Name

Weight

-0.21
-0.13
-0.26
-0.10

-0.54
-0.38
-0.46
-0.50

-0.48
-0.50
-0.23
-0.16

-0.08
0.05
0.01

-0.15

-0.31
-0.31
-0.21
-0.20

-0.35
-0.31
-0.29
-0.28

228.22

3
3
4
3

3
3
2
3

18 260.72

18
20

55.12

3.73
3.50
5.21

ZINC5921547 4a

1.

231.25

240.31

55.12

ZINC48442590 4b

2.

231.76

29.10 299.68

ZINC000039428234 5¢

3.
4.

227.98

241.29

18

49.33

Reference compound (ID8) 4.77

was maintained at 0-5°C till the precipitate of EDU was
obtained. The obtained precipitate dissolves on the addi-
tion of HOBt. Ammonium chloride was successively
added to the reaction mixture. The mixture was allowed
to stir at room temperature to obtain 4a-b. For the synthe-
sis of series Sa-c, the substituted 2-(phenylamino)benzoic
acid was reacted with thionyl chloride. The reaction was
refluxed for 3 h to obtain substituted 2-(phenylamino)ben-
zoyl chloride (5a-c). The obtained compounds 4a-b and
5a-c were confirmed by melting point, FT-IR, ' H-NMR,
and mass spectrometry. The presence of peaks indicates
the formation of desired compounds.

Biological evaluation (in vitro studies)

Amide addition enhances antiproliferative activity
in cancer cells

The anticancer effect of selected compounds on the
growth of SiHa, MDA-MB-231 and MCF-7 were detected
by MTT as described earlier. In the present experiment,
cells were treated with parent compound (3a, 3b and 3c)
and its derivative at 5, 10, 25, 50, and 100 uM for 24, 48,
72 and 96 h shown in Table 3. The dose-response curve
was used to calculate the ICs, value, the drug concentra-
tion required to reduce cell proliferation by 50% against
an untreated control. Cisplatin, one of the most effective
metal-based anticancer agent, has been used as a standard
reference. It is a FDA approved for the numerous cancer
including breast ovarian, smack cell lung cancer, blad-
der, testicular, head and neck, cervical etc.[28, 49] which
kills cancer cells by damaging DNA and inhibiting DNA
synthesis.

The ICs, value for 3a in SiHa cells was found to
119.2+6.7,79.2+6.1,42.3+3.4 and 35.9+5.0 uM at 24,
48, 72 and 96 h respectively (Table 3). Interestingly, addition
of amide group (4a) in 3a resulted in reduction in ICs, value
to 101 +8.0, 64.6+7.0, 36.9+3.8 and 31 + 1.5 uM at 24,
48, 72 and 96 h respectively (Table 3). Addition of amide
group (4b) in parent compound (3b) also resulted reduction
in ICy, value from 178.3+14.9, 115.6 +£9.1, 68.5+4.7 and
56.5+7.41t0116.9+7.5,74+8.1,41.5+4.8,and 21.5+ 6.4
UM at 24, 48, 72 and 96 h respectively shown in Table 3.
However, addition of chloride group (5a, 5b, 5¢) in either 3a,
or 3b or 3c, reduces the antiproliferative activity of the par-
ent compound in SiHa cells (Table 3). These results are bet-
ter than that of reference standard which recorded (6 +8.2,
14+2.6,13.3+1.9and 14.4+1.1uM at 24, 48,72 and 96 h
respectively.

The MDA-MB-231 cell lines also demonstrated simi-
lar response. Addition of amide group (4a) in 3a reduces
the ICs, value from 115.2+11.8, 75.4 +8.4, 46.8 +8.1
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Table 3 Comparative analysis of ICy, values of parent and amide, chloride derivatives in colorectal (SiHa cells) and breast (MCF-7 and MDA-MD-231 cells) cancer cell lines

Cisplatin

4a S5a 3b 4b 5b 3¢ 5c

3a

Time (in hours)

6+8.2
14+2.6
13.3+1.9

144+1.1

313.4+27.8*

96.3+£12.0
59.5+7.6
29.8+2.0
34.1+£3.7

1244479

377.3 +£26.5%
250.8+19.3"

144.4 +11.4*

74+8.1"
415+4.8"
21.5+6.4"
99.3+7.0°
64.2+4.2"
36.7+52"
32.8+4.5"

150.9+12.2"

116.9+7.5"

178.3+14.9
115.6 +9.1

426.4+37.2*
275.6+15.1*

101 +8.0"
64.6+7.0

119.2+6.7
79.2+6.1

24

SiHa cells

196+ 15.7*
100.3+7.3*

68.5+4.7
56.5+7.4
123.6+10.3

164.5+12.6"
149.5+12.6"
367.9+28.5"
237.4+24.6"
151.9+16.5*
177.9+12.0*
286.7+25.2"

184.7+11.1*

36.9+3.8

42.3+34

48

135.5+8.2%

321.5+28.7*
224.8 +18.9*
137.5+12.6"
110.6+6.3%

745.4 +61.9*
513.3+31.0*
270.5+17.5"
211.2+15.7%

119.7 +16.8*
177.6 +18.0*
117.7+19.0

3115
94.7+14.7
59.8+6.8
36.6+2.7

359+5.0
1152+11.8

7
96
24
48

12+3.1

83.4+7.8

85.8+7.4
51.6+6.2
582+7.6

754+8.4

MDA-MB-231

24+2.8
10.6 +1.7

56.3+7.0

43.6+2.7

46.8+8.1

19+1.4
6.8+1.9
185+1.6

202+1.3

73.4+7.9%
108.4 +9.4%

38+3.9
110.2+13.0°

51.9+9.3
166.6 +20.9
109.7+10.0

64.3+7.9

72
96
24
48

174.8+10.8

407.9 +44.4*
270.1 +36.3"

250.4+19.3

111.5+6.6
544+3.1

161.9+£19.5

104.8+11.4

MCF-7 cells

98.5+5.9"
64.8+4.6"
55.7+7.8"

113.3+8.9%
95.7+3.6%

72.9+6.4"
43.1+25"
35.5+4.5"

20.8+1.3

43.8+5.4

185+9.5%
154.1 +21.1%

54+£5.6

72
96

88+4.4

All experiments were conducted in triplicate, and the data expressed as the means + SEM.

*p<0.05 & #p <0.05 as compared to respective parent compound

and 51.9+9.3 to 94.7+14.7, 59.8 + 6.8 and 36.6 +2.7
UM at 24, 48, 72 and 96 h respectively (Table 3). Addi-
tion of amide group (4b) in 3b also reduces the ICs,
value of 3b by ~43.6% at 96 h post-treatment (Table 3),
superior to the reference standard that demonstrated an
IC5p of 12+3.1, 24 +£2.8, 10.6 £1.7, 19+ 1.4 uM at
24, 48, 72 and 96 h respectively. Addition of chloride
group in all parent compounds enhances the ICs, value
(Table 3).

Next, MCF-7 cell line was treated with selected com-
pound to verify the consistency of selected compounds.
Addition of amide group in either 3a or 3b, resulted in
reduction in ICy, value (Table 3). The reduction in ICy,
value after amide addition support the role of amide group
in enchantment of anticancer efficacy, while addition of
chloride group diminished the antiproliferative activity
of parent compound under similar condition as clearly
seen in Table 3. Regarding MCF-7, compounds 9a and
11 expressed better antiproliferative activity than standard
reference cisplatin (Table 3).

Prostaglandin E2 production

COX-2 is known to form the prostaglandin-E2 from ara-
chidonic acid. Therefore PGE-2 was measured to test
whether reduction in cell proliferation is due to PGE-2. In
our observation, MDA-MB231 and SiHa cells produced
higher PGE-2 than MCF-7 cells. The 3a, 4a, and Sa treat-
ment at 50 uM for 48 resulted in reduction in PGE-2 level
by 21.73%+0.86, 41.96%=+2.14, and 6.37%=+0.11 respec-
tively against untreated control in SiHa cells (Fig. 5a).
Similarly, 3b, 4b and 5b treatment at 50 uM resulted in
decrease in PGE-2 level by 47.72%+1.95, 73.35%+2.79,
and 5.22%+0.35 respectively at 48 h post-treatment
against untreated control (Fig. 5b). Compound 5c induces
the PGE2 against 3¢ at 48 h post-treatment (Fig. 5¢). Our
results indicate that addition of amide group enhances the
potency of 3a, and 3b.

The 3a, 4a, and 5a at 50 uM resulted in reduction of
PGE-2 level by 27.40%+1.14, 45.68%+2.63, 23.08%+2.39
respectively at 48 h against untreated control in MDA-
MB-231 cells (Fig. 5d). The similar effect was observed with
3b, 3c and its derivatives namely 4b, 5b, and 5c (Fig. 5e and
f).

The 3a, 4a, and 5a treatment to MCF-7 cells at 50 uM
has shown to reduce the PGE-2 level by 7.57%=+0.69,
31.81%=+2.17, and 1.13%+0.05 respectively at 48 h post-
treatment against untreated control (Fig. 5g). The 4b at 50
UM has shown to reduce the PGE2 level by 14.73%+0.76 at
48 h post-treatment against parent compound 3b (Fig. 5h).
The 5c increases the PGE-2 level at 48 h against parent com-
pound 3c (Fig. 5i).
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Fig.5 (a-i) Effect of compounds under study on prostaglandin E2 in (a-c) SiHa, (d-f) MDA-MB231 and (g-i) MCF-7 cancer cell lines at 48 h
post-treatment. Each bar denotes the mean + Standard deviation SD. n=6. *p <0.05

Fig.6 Effects of compounds
under study on SiHa cell mor-
phology at 48 h post-treatment.
(a) untreated control, (b-i) treat-
ment with mentioned compound
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Effects of compound 3a, 3b, 3c and their derivatives on cell
morphology

Morphological changes were recorded using microscope
in SiHa cells, MCF-7 and MDA-MB-231 cells. For all
untreated and treated cells, the images were observed at
48 h and the images were captured using a phase contrast
light microscope. SiHa cells in the control group appeared
phenotypically as a spindle-shaped and substantial in vol-
ume. It had larger nuclei, opaque and abundant cytoplasm
(Fig. 6a). The cells were appeared to be firmly attached
to the wall (Fig. 6a). The treatment with 3a, or 3b, or 3c
or derivatives to SiHa cells at 50 uM for 48 h were result
in acquiring irregular or round shape, and size reduction
(Fig. 6a-i). The cell boundary was lost smooth appearance,
and loose attachment of cells were also observed to the
bottom (Fig. 6b-i). The 4a treated cells were smaller in
size then 5a or 3a at 48 h post-treatment period (Fig. 6b-
d). The similar effect was observed with 3b and its deriva-
tives namely 4b&5b at 48 h post-treatment period (Fig. 6e-
2). The 3c treated cells were smaller and lesser in volume

than 5c treated SiHa cells (Fig. 6h and i). In present study,
4a and 4b were more potent than parent compounds. More-
over, reduction in cancer cell proliferation by compound
utilized in present study probably an outcome of cell cycle
blockage.

Effects of compound 3a, 3b, 3¢, and their derivatives on cell
cycle

The selected compounds in present study have shown most
potent antiproliferative effect in SiHa cells. Therefore, we
further studied the drug effect in SiHa cells for delineating
the molecular mechanism behind antiproliferative effect.
In present study, 4a and 5a have shown to activate G1/S
cell cycle phase (Fig. 7c and d) against untreated control
(Fig. 7a). Interestingly, 3a have shown to induces the cell
cycle blockage at G2/M phase (Fig. 7b). 3b, 4b, and 5b at
50 uM have shown to induce the G1/S blockage at 48 h post-
treatment (Fig. 7e-g). However, 4b was more efficient in
inducing G1/S cell cycle halt than either 5b or 3b. The 3c
and 5c has shown to arrest the cell cycle at G1/S and G2/M
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Fig. 8 Effects of compounds under study on SiHa cell death at 48 h post-treatment. Each data point represents the mean + SD of n=6. *p <0.05

phase (Fig. 7h-i). However, no major difference in cell pro-
portion at different cell cycle phase was observed between
3c and 5c.

Effects of compound 3a, 3b, 3c and derivatives on cancer
cell death

Cell cycle blockage help in maintenance of genomic integ-
rity, and failure to repair the damaged DNA result in cell
death [31, 50]. Therefore, next we check whether reduction
in cell proliferation is due to cell death or only cell cycle
blockage. The cell cycle analysis for control and treated
SiHa cells (Fig. 8) was analyzed using a flow cytometer.
Compound 3a, 4a, and 5a treatment to SiHa cells at 100uM
resulted in death of 29.32%+1.94, 39.24%+5.26, and
10.40%=+1.80 cells respectively against untreated control at
48 h post-treatment (Fig. 8a). The 3b, 4b, and 5b treatment
100uM resulted in death of 27.57%=+2.80, 37.80%=4.83, and
19.73%+2.44 SiHa cells respectively at 48 h post-treatment
(Fig. 8b). The 3c and 5c at 100 uM has shown to reduce
the cell proliferation by 37.80%+3.93, and 14.30%+1.74
respectively against untreated control at 48 h post-treatment
(Fig. 8c). Our result shown that compound 4a and 4b showed
improved anticancer activity.

Discussion

In addition, these cell lines are aggressive and invasive
cervical and breast cancer (TNBC) are known to be resist-
ant to several anti-cancer agents [31, 51]. In our compu-
tational and experimental studies, compound 4a, 4b and
Sc were selected as lead compounds for cancer treatment
in humans. Based on the AG binding, 4a, 4b and Sc have
the higher affinity with COX-2 receptor when compared
to reference compound (IDS8), The hydrogen bond play a
major role in protein folding, formation of protein sec-
ondary structure and molecular recognition [12, 23]. The
bonding also provides stability of protein-ligand com-
plex. Favourable hydrogen bond (H-bond) interactions,
hydrophobic, cation-n, and n-n stacking and between
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ligand-protein residues at the binding site are encoun-
tered [52]. The H-bonding with key binding site residues
Tyr385 and Ser 530 with 1.8 and 1.9A were associated
with compounds (compound 4a, 4b, 3a-c, 5a). These
residues indicate responsible for holding the ligand in
the binding pocket. The cation-n and interactions involv-
ing in compound Sb and Sc at Argl20 and protonated
Tyr355 residue position respectively which helps in elec-
trostatic contributions whereas n-n stacking non-covalent
interaction involves in aromatic molecules compounds
which plays key role in protein-ligand recognition and
the organization of biomolecular structures [52]. Previous
studies have reported that electrostatic interactions are
preferred strongest interaction between drug and receptor
[53]. There is no interaction observed in compound Sc.
Therefore, we suggest that these selected hits are better
candidate to be used as the lead compounds to inhibit
COX-2 activity.

These imply that the best compounds showed higher
potency to inhibit the COX-2 enzyme. The Caco-2 is repre-
sented to be suitable mimics for the -blood barrier. However,
the logBB (predicted brain/blood partition coefficient) and
logKhsa values (prediction of binding to human serum albu-
min) lie within the acceptable range. The logP o/w provides
the predicted octanol/water partition coefficient of the drug
within the favourable range. The molinspiration chemoinfor-
matics software was used for calculating the drug activity. It
supports for calculation of molecular properties (Molecular
weight, LogP, PSA, number of hydrogen bond donors and
acceptors) and predict the bioactivity score (G-Protein Cou-
pled Receptor ligands (GPCR), kinase inhibitors (KI), ion
channel modulators (ICM), nuclear receptors (NR), protease
inhibitor (PI), and enzyme inhibitor (EI) [54]. The present
outcome demonstrated the molecular properties and bioac-
tivity scores were found within the normal range. All the
selective compounds follow Lipinski’s rule. According to
the rules, selected hits must not have a MV of > 500Da,
must have a number of hydrogen bond donor (HBD) <5 and
acceptors (HBA) < 10, Log P value must have <5 and TPSA
must have < 140A [47, 55, 56]. In general, the bioactivity
score is > 0.0, shows the compound is active; if the range
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between — 5.0 and 0.0, then it shows the moderately active,
and if the score is < — 5.0, then it is inactive. It is encourag-
ing to note that three hits such as compounds 4a, 4b, and Sc
follow the rule, bioactivity, and molecular properties.

Prediction of anticancer drug potential of COX-2 recep-
tor through computational approaches was further validated
using in vitro studies. Our study demonstrated growth inhibi-
tion of cell increased with increasing the concentration of
treatment. Overall, the desired compounds showed a signifi-
cant (p <0.05 *) cytotoxic activity. To check cytotoxic effect
of compounds 3a, 4a, 5a, 3b, 4b, 5b, 3c and 5c on colorectal
(SiHa cells) and breast (MCF-7 and MDA-MD-231 cells),
MTT assay was performed. This technique is one of the reli-
able and sensitive indicators for measuring the cytotoxicity
and evaluation of drug sensitivity on cancer cell line [31,
48, 57, 58]. Different drug doses (5, 10, 25, 50, and 100
uM) of selected compounds were chosen to detect the effec-
tive dose at minimum concentration. The cytotoxic effect of
selected drugs was determined using this assay for assessing
cell metabolic activity which indicates the dose and time
dependant effect on cancer cells.

Prostaglandin-E2 has been found in several human malig-
nancies and it promote the cancer cell proliferation by acti-
vating the cell signalling pathway involved in cell prolif-
eration, angiogenesis, apoptotic inhibition etc. [59]. Present
results showed a confirmation with the cell proliferation
data, and indicting the role COX-2-PGE-2 axis in reduction
of cancer cell proliferation [60]. The reduction in PGE2 level
along with cell proliferation, indicate the role of PGE-2 in
cancer cell proliferation [61].

Identified drugs are well-known inhibitors of cycloox-
ygenases, overexpressed in most tumors. With the aim to
estimate the potential of the fenamate derivatives, their
anticancer activity was evaluated in vitro. In present study,
we observed that addition of the amide group in 3a, and
3b enhances the anticancer activity of the parent compound
in selected cancer cell lines. Among all tested cell lines,
SiHa cells was most sensitive, while MDA-MB-231 shown
highest resistance. Present result indicates the reduction in
cell proliferation is due to cell death, however role of cell
cycle inhibition cannot be ruled out either. Our results also
indicate that the association of the most potent antiprolif-
erative activities with amide derivate (4a&4b) of 3a and
3b, which is confirmation with the earlier study [26]. The
chloride derivates (5a&5b) of 3b and 3a had shown poor
anticancer response. Compound 3a have shown to induce
the breast cancer cell apoptosis by inducing the p53 and p21
[30]. However, role of induced cell cycle inhibition cannot
ruled out either [62]. The 3b derivatives seemed to inhibit
cell proliferation due to induction of ROS-dependent DNA
damage [63]. Overall, it could be inferred from all these evi-
dence that compounds ZINC5921547 and ZINC48442590

(4a and 4b) could be a candidate exploring for the inhibition
of the COX-2 protein.

Conclusion

In the present study, we identified three new compounds out
of 12,795 compounds as novel and potent inhibitor of COX-2
using the ‘similar target search’ criterion. ZINC5921547,
ZINC48442590, and ZINC000039428234 of the identified
compound were studied to confirm the efficacy, safety profile,
toxicity, and structural features required for binding. The identi-
fied compounds obeyed Lipinski’s rule and were found better
ADMET and drug-likeness properties. The identified com-
pounds were synthesized and obtained in good yields. Among
all compounds, compounds 4a and 4b have been observed to be
more potent in reducing cell proliferation than parent compound
in MCF-7, MDA-MB-231, and SiHa cell lines. Inhibition of the
COX2-PGE2 axis was found to the major reason behind the anti-
cancer activity. Compound 4a and 4b halt the cell cycle at the
G1-S phase and induces cell death. In summary, ZINC5921547
and ZINC48442590 (4a and 4b) were significantly more potent
than compounds 3a, and 3b, and thus further studies on in vivo
efficacy are required to develop them as new open possibilities
of COX-2 inhibitor for cancer treatment and purpose.
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