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ABSTRACT
Pyrazole derivatives are known to be as non-steroidal anti-inflammatory drugs (NSAID). Celecoxib is
the pioneer sulfonamide being pyrazole derivative COX-2 inhibitors, which used to treat pain and
inflammation; they may also have a role in cancer prevention. In the present investigation, a series of
arylidene analogues (NDP-4011 to NDP-4016) were synthesized by the condensation of 4-(3-methyl-
5-oxo-4,5-dihydro-1H-pyrazol-1-yl) benzenesulfonamide (I) with various substituted aromatic aldehydes
in ethanol using a catalytic amount of piperidine. All the synthesized compounds were well character-
ized by IR, 1H NMR, 13C NMR and mass spectrometry. The cytotoxicity of synthesized compounds was
tested on the NRK-52E cell line. From which NDP-4011, NDP-4012, NDP-4013, NDP-1015 and NDP-
4016 were found to have higher cytotoxicity whereas NDP-4014 showed less cytotoxicity compared
to Celecoxib. The in silico pharmacokinetic parameters of compounds were evaluated to check their
candidature as a drug. Molecular docking was carried out on COX-2 structures, which revealed that
NDP-4011 to NDP-4016 targets allosteric binding site similar to the binding mode of the selective
COX inhibitor Celecoxib. Furthermore, results of in vitro COX-2 inhibition assay supports arylidene ana-
logues as COX-2 inhibitors.

Abbreviations: NSAIDs: non-steroidal anti-inflammatory drugs; COX: cyclooxygenase; PG: prostaglan-
din; RCSB: Research Collaboratory for Structural Bioinformatics; PDB: Protein Data Bank; NRK-52E: rat
kidney epithelial cell line; HBA: hydrogen bond acceptor; HBD: hydrogen bond donor; PSA: polar sur-
face area; PPB: plasma protein binding; MDCK: Madin–Darby Canine Kidney; BBB: blood–brain barrier;
ADMET: absorption, distribution, metabolism, excretion, and toxicity; HIA: human intestinal absorbance;
DOF: degrees of freedom
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1. Introduction

Non-steroidal anti-inflammatory drugs (NSAIDs) are fre-
quently used for the treatment of pain and inflammation
associated with different diseases, including arthritic disease,
chronic pain and menstrual pain (Moodley, 2008). NSAIDs are
believed to act through inhibition of cyclooxygenase (COX)
enzyme. In the cell, this enzyme is involved in the synthesis
of prostaglandins (PGs), which are a key factor of many cellu-
lar processes such as inflammation, thromboxanes, angiogen-
esis and blood clotting. Most of the NSAIDs not only inhibit
PGs at the sites of inflammation but also PGs which serve
important functions in other parts of the body, a factor
which accounts for some of the toxicity of these agents
(Vane, 1971). Traditional NSAIDs are non-selective and inhibit
both COX-1 and COX-2 enzymes, given that benefits in
inflammation, but at the cost of potential opposing effects.
However, their chronic use may cause GIT ulceration, bleed-
ing and renal injury (Wolfe et al., 1999). Nowadays, several
anti-inflammatory drugs are available in the market but an
immense need to develop novel drugs with better safety
profile with good efficacy.

The literature survey supports that the ring containing het-
eroatoms (Doshi et al., 2012, 2015) such as pyrazole and its
related analogues represent an important class of heterocycles
due to their highly pronounced biological and pharmaco-
logical activities (Mariappan et al., 2011; Ramajayam et al.,
2010), such as anticancer (Nitulescu et al., 2013), antibacterial
(Madhusudana et al., 2017; Mehta et al., 2015; Riyadh, 2011),
antiviral (Ouyang et al., 2008), antimalarial (Bekhit et al., 2012),
anti-tuberculosis (Karad et al., 2015; Lee et al., 2008) and anti-
analgesic (Raga et al., 2013). Some pyrazole compounds have
been reported as potential therapeutic agents for the treat-
ment of inflammation (Dekhane et al., 2011; El-Moghazy et al.,
2012; Hassan et al., 2019; Ranatunge et al., 2004) by acting on
COX enzyme (Mohy El Din et al., 2011). Moreover, sulfonamide
being pyrazole compounds have been reported for the treat-
ment of inflammation such as marketed selective COX-2 drug,
Celecoxib and SC 558 (Chaudhary & Aparoy, 2017; Sakya et al.,
2008). A clinical trial of gastrointestinal toxicity with Celecoxib
vs. other NSAIDs showed that the Celecoxib was associated
with a lower incidence of symptomatic ulcers and ulcer com-
plications combined, as well as other clinically important toxic
effects, compared with NSAIDs at standard dosages
(Silverstein et al., 2000).

The use of COX-2 inhibitors are not only anti-inflammatory
and analgesics but also used for cancer therapy. A recent study
with various malignant tumor cells showed that Celecoxib
could inhibit the growth of these cells, whereas some of these
cancer cells didn’t even contain COX-2 (Chuang et al., 2008).
Many analogues of Celecoxib were generated with small mod-
ifications in their chemical structures (Zhu et al., 2002). Some
of these analogues retained COX-2 inhibitory activity, whereas
many others didn’t. However, the ability of all these com-
pounds to kill tumor cells in cell culture was examined.
Compound 2,5-dimethyl Celecoxib, which possesses the abil-
ity to inhibit COX-2 turned out to display stronger anticancer
activity than Celecoxib itself (Sch€onthal, 2006) and this anti-
cancer effect could also be verified in highly drug-resistant

tumor cells and various animal tumor models (Kardosh et al.,
2005; Pyrko et al., 2007).

In the context of the biological importance of COX-2 inhibi-
tor and above-mentioned information reveals the great import-
ance of introducing new selective COX-2 inhibitors which are
prototype drugs, its efficiency is comparable to Celecoxib and
having a lower incidence of side effect. Therefore, we intended
to develop a novel approach for structural diversity using differ-
ent aldehyde and designed and synthesized a series of 4-(sub-
stituted phenyl-3-methyl-5-oxo-4,5-dihydro-1-H-pyrazol-1-yl)
benzenesulfonamide NDP-4011 to NDP-4016 compounds
which structurally relates with Celecoxib.

In the present study, we tried to synthesis arylidene ana-
logues, which are structurally related to Celecoxib (a well-
known COX-2 inhibitor). In silico molecular docking study
and in vitro studies revealed that they have tremendous
potential as a drug candidate.

2. Materials and methods

Melting points were determined in open glass capillaries and
all are uncorrected. Infrared spectra were recorded on a
Shimadzu FT-IR-8400 spectrometer using KBr pellet method.
1H NMR and 13C NMR spectra were recorded on a Bruker
Advance 400MHz NMR Spectrometer using DMSO-d6 as a
solvent and TMS as an internal standard. Mass spectra were
recorded on the Shimadzu GC-MS-QP-2010 model using the
Direct Injection Probe technique. The reaction was monitored
by thin-layer chromatography (TLC) on silica gel (Merck
60F254) using (9:1) chloroform-methanol as a solvent system.

2.1. Synthesis of 4-(3-methyl-5-oxo-4,5-dihydro-1H-
pyrazol-1yl) benzenesulfonamide (I)

A mixture of 4-hydrazinylbenzenesulfonamide (0.01mole),
methyl acetoacetate and absolute ethanol (15ml) place in
100ml round bottom flask, add few drops of hydrochloric acid
as a catalyst, the resultant reaction mixture was heated under
reflux condition for 18 h. After completion of the reaction as
monitored by TLC, the reaction mixture was allowed to cool at
room temperature and the formed solid was then filtered by
vacuum filtration, washed with cold methanol and dried to
give the title product (I). Yield (80%); Color: green; M.P.:
204–206 �C; IR (KBr) (cm�1): 3416, 3388, 3078, 2833, 1776,
1681, 1591, 1500, 1460, 1323, 1222, 1159, 1095, 839, 520; MS
(m/z): 253 (M); 1H NMR (DMSO-d6, 400MHz) d (ppm): 2.13 (3H,
s, -CH3), 5.43 (1H, s, CH), 7.36 (2H, s, NH2), 7.86–7.93 (4H, dd,
ArH), 11.90(1H, s, OH); 13C NMR (DMSO-d6) 14.01(CH3),
43.07(CH2), 121.24(CH), 121.65(CH), 122.58(CH), 129.64(CH),
138.98(C-S), 144.78(C-N), 149.21(C¼N), 171.47(C¼O).

2.2. General procedure for the synthesis of derivatives
of 4-(substituted phenyl-3-methyl-5-oxo-4, 5-
dihydro-1-H-pyrazol-1-yl) benzenesulfonamide
(NDP-4011 to NDP-4016)

The mixture of 4-(3-methyl-5-oxo-4,5-dihydro-1H-pyrazol-1-yl)
benzenesulfonamide (I) (0.01mole) and different aldehydes
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(0.01mole) were taken ethanol using piperidine as a catalyst
followed by reflux about 6–8 h. The reaction was monitored
by TLC. After completion of the reaction, the reaction mix-
ture was allowed to cool. The precipitate formed upon cool-
ing, was filtered off, and washed with ether and dried in
vacuum. Purification of compounds (NDP-4011 to NDP-
4016) was carried out by crystallization in methanol.

4-(3-methyl-4-((3-methylthiophen-2-yl)methylene)-5-oxo-4,5-
dihydro-1H-pyrazol-1-yl) benzenesulfonamide (NDP-4011): Rf:
0.62; Yield (80%); Color: Orange; M.P.: 238–240 �C; IR (cm�1):
3340, 3261, 1676, 1599, 1485, 1305, 1172, 675, 613; MS (m/z):
361 (Mþ); 1H NMR (DMSO-d6, 400MHz) d (ppm): 2.35 (3H, s,
Me), 2.51 (3H, s, Me), 7.19–7.20 (1H, d, C¼CH), 7.49 (2H, s,
NH2), 7.60–7.64 (2H, m, ArH), 7.82 (1H, s, ArH), 8.15–8.18 (2H,
t, ArH), 8.48 (1H, s, ArH); 13C NMR (DMSO-d6, 100MHz) d
(ppm):12.77(CH2), 14.88(CH2), 114.50(CH), 119.02(CH),
120.22(CH), 121.03(CH), 129.64(CH), 130.53(CH), 131.17(C),
135.87(CH), 138.54(C-S), 138.60(C-N), 144.76(C¼N), 151.80(C),
152.12(C), 162.10(C¼O).

4-(4-((1H-indol-3-yl)methylene)-3-methyl-5-oxo-4,5-dihydro-
1H-pyrazol-1-yl)benzenesulfonamide (NDP-4012): Rf: 0.57;
Yield (75%); Color: Light orange; M.P.: 280–282 �C; IR (cm�1):
3265, 3063, 1660, 1591, 1303, 1226, 1120, 736, 592; MS (m/z):
380 (Mþ); 1H NMR (DMSO-d6, 400MHz) d (ppm): 2.45 (3H, s,
Me), 7.32–7.34 (2H, m,ArH), 7.49 (2H, s, NH2), 7.60–7.65 (2H,
m, 2�ArH, 1�CH), 8.15 (1H, s, ArH), 8.17–8.18 (1H, d, ArH),
8.29–8.30 (1H, d,ArH), 8.59 (1H, s, ArH), 9.84 (1H, s,ArH),
12.74(1H, s, NH); 13C NMR (DMSO-d6, 100MHz) d (ppm):
13.03(CH3), 112.45(CH), 113.45(CH), 114.71(CH), 117.68(CH),
118.69(CH), 120.38(CH), 122.26(C), 123.66(CH), 128.12(CH),
129.53(C), 136.44(C-NH), 137.93(C-S), 138.63(CH-NH),
139.09(CH), 144.73(C-N), 151.80(C¼N), 163.02(C¼O).

4-(3-methyl-5-oxo-4-(3-phenoxybenzylidene)-4,5-dihydro-1H-
pyrazol-1-yl)benzenesulfonamide (NDP-4013): Rf: 0.60; Yield
(72%); Color: Orange; M.P.: 200–202 �C; IR (cm�1): 3375, 3271,
2939, 2874, 1689, 1587, 1550, 1483, 1329, 1249, 1172, 997, 744,
607; MS (m/z): 447 (Mþ); 1H NMR (DMSO-d6, 400MHz) d (ppm):
2.35 (3H, s, Me), 5.25 (2H, s, CH2), 7.21–7.24 (2H, d, ArH), 7.47
(2H, s,NH2), 7.36–7.63 (7H, ArH), 7.80 (1H, s, ¼CH), 8.17–8.18
(1H, d,ArH), 8.48 (1H, s, ArH), 8.70–8.72 (2H, d, ArH); 13C NMR
(DMSO-d6, 100MHz) d (ppm):13.14(CH3), 69.70(-O-CH2),
114.91(CH), 115.11(CH), 120.61(CH), 121.20(CH), 121.20(CH),
123.35(CH), 126.22(CH), 127.98(CH), 128.13(CH), 128.51(CH),
129.63(C), 136.20(CH), 136.95(CH), 138.51(C-S), 144.78(C),
148.75(C-N), 152.59(C¼N), 162.06(C-O), 162.88(C¼O).

4-(4-(4-fluoro-2-methylbenzylidene)-3-methyl-5-oxo-4,5-dihy-
dro-1H-pyrazol-1-yl) benzenesulfonamide (NDP-4014): Rf: 0.55;
Yield (70%); Color: Orange; M.P.: 218–220 �C; IR (cm�1): 3269,
3068, 2966, 2357, 1722, 1680, 1589, 1485, 1423, 1327, 1163,
1097, 922, 788, 669, 590; MS (m/z): 373 (Mþ); 1H NMR
(DMSO-d6, 400MHz) d (ppm): 2.39 (3H, s, Me), 2.52(3H, s,
Me), 7.17–7.22(1H, t, ArH), 7.25–7.28 (1H, dd, ArH), 7.46 (2H,
s, NH2), 7.61–7.63 (2H,d, ArH), 7.94 (1H, s, ¼CH), 8.09–8.13
(1H, m, ArH), 8.48 (1H, s, ArH), 8.65–8.69 (1H, qt, ArH); 13C
NMR (DMSO-d6, 100MHz) d (ppm):13.93(CH3), 19.67(CH3),
114.83(CH), 115.60(CH), 117.25(C), 120.56(CH), 121.33(CH),
126.15(CH), 127.51(CH), 129.68(C), 133.08(CH), 134.48(C),

138.27(C-S), 144.82(CH), 145.44(C-N), 152.44(C¼N), 161.56(C-
F), 167.60(C¼O).

4-(4-(3-ethoxy-4-hydroxybenzylidene)-3-methyl-5-oxo-4,5-
dihydro-1H-pyrazol-1-yl) benzenesulfonamide (NDP-4015): Rf:
0.25; Yield (70%); Color: Orange; M.P.: 208–210 �C; IR (cm�1):
3338, 3277, 3072, 2928, 1724, 1678, 1583, 1448, 1325, 1290,
1136, 1035, 794, 682, 590; MS (m/z): 401 (Mþ); 1H NMR (DMSO-
d6, 400MHz) d (ppm): 1.39–1.43 (3H, t, Me), 2.34 (1H, s,
Me),4.12–4.17 (2H, q, CH2),6.97–6.99 (1H, d,ArH), 7.48 (2H, s,
NH2), 7.63–7.65 (2H, d,ArH), 7.72 (1H, s, ¼CH), 8.04–8.06 (1H, d,
ArH), 8.22–8.25 (1H, m, ArH), 8.41 (1H, s, ArH), 8.72(1H, s, ArH);
13C NMR (DMSO-d6, 100MHz) d (ppm): 13.15(CH3), 14.62(CH3),
63.84(CH2), 115.02(CH), 115.67(CH), 118.22(CH), 120.75(CH),
121.95(CH), 125.29(C),128.63(C), 129.61(CH), 131.26(CH),
138.63(C-S), 144.74(C-N), 146.48(CH), 149.68(C¼N), 152.57(C-
OH), 153.42(C-O), 162.27(C¼O).

4-(4-(3-methoxy-4-(prop-2-yn-1-yloxy)benzylidene)-3-methyl-
5-oxo-4,5-dihydro-1H-pyrazol-1-yl) benzenesulfonamide (NDP-
4016): Rf: 0.37; Yield (65%); Color: Brown; M.P.: 278–280 �C; IR
(cm�1): 3317, 3180, 3088, 2976, 1672, 1587, 1500, 1330, 1300,
1159, 993, 738, 615; MS (m/z): 425 (Mþ); 1H NMR (DMSO-d6,
400MHz) d (ppm): 2.34 (3H, s, Me), 3.88 (3H, s, Me), 4.97(2H, s,
CH2), 7.21–7.22 (1H, d, ¼CH), 7.49 (2H, s,NH2), 7.64–8.02 (4H, m,
ArH), 8.11–8.21 (2H, d, 2� ArH), 8.41 (1H, s, ArH), 8.74 (1H, s,
ArH); 13C NMR (DMSO-d6, 100MHz) d (ppm):
13.14(CH3), 55.56(CH3), 56.07(CH2), 78.51(�CH), 78.98(�C),
112.74(CH), 115.05(CH), 116.33(CH), 120.80(CH), 121.26(CH),
123.60(C), 126.93(C), 129.63(CH), 130.09(CH), 138.49(C-S),
144.75(C-N), 148.37(CH), 149.11(C¼N), 151.39(C-O), 152.55(C-
O), 162.09(C¼O).

2.3. In silico study

2.3.1. Molecular docking studies
Molecular docking of the protein-ligand complexes was per-
formed with the help of AutoDock 4.2 (Morris et al., 2009).
The crystallographic 3D structure of Celecoxib bound at the
COX-2 active site was downloaded from the RCSB Protein
Data Bank (PDB ID: 3LN1) and prepared in AutoDockTools
1.5.6 (Morris et al., 2009) by removal of water and solvent
molecules, removal of the bound ligands, the addition of
polar hydrogens and partial charge assignment. The pre-
pared structure was saved in AutoDock PDBQT format.

Optimization of all the compounds synthesized (NDP-
4011 to NDP-4016) and standard drug (Celecoxib) was per-
formed using ChemBio3D Ultra 14.0 (Tiwari et al., 2018). The
structure of NDP-4011 to NDP-4016 and Celecoxib was
optimized using the Merck Molecular Force Field (MMFF94)
method (Halgren, 1999). The mol2 formats of all ligands
were further translated to the PDBQT file using an
AutoDockTools 1.5.6. Finally, these ligand models were eval-
uated for the docking procedure.

Molecular docking was performed to find out the mechan-
ism of binding of the macromolecular targets to small active
components. Here, the ligands were docked using the default
settings of the Lamarckian genetic algorithm. The AutoGrid
dimensions set for receptor were: grid center X¼ 31.7241 Å,
Y¼�22.006 Å, Z¼�17.132 with the grid size X¼ 30, Y¼ 30,
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Z¼ 30 and grid spacing: 0.375 Å (Shrivastava et al., 2017). The
results were quantified in terms of free binding energy. Biovia
Discovery Studio Visualizer v20.1.0.19295 used to find the type
of bond with different amino acids and the distance between
particular atom/molecule to the amino acids.

2.3.2. Pharmacokinetics evaluation
The pharmacokinetic profile of the compounds (NDP-4011
to NDP-4016) and Celecoxib was predicted by using a pro-
gram VlifeMDS 4.6 (VLife Sciences, Pune, India) software and
PreADMET (https://preadmet.bmdrc.kr/) online tool. The pro-
gram computes pharmacokinetic properties such as Lipinski’s
Rule of Five, octanol/water partitioning coefficient, aqueous
solubility and others.

2.4. Anti-proliferative activity

2.4.1. Cell lines and culture conditions
Rat kidney epithelial cell line (NRK-52E) was procured from
NCCS, Pune, India. A passage number of 19–25 was used in
the present study. The cell line was maintained as a mono-
layer in Dulbecco’s modified Eagle’s medium (with 4mM L-
glutamine, 1.5 g/L sodium bicarbonate and 4.5 g/L glucose)
containing 10% fetal bovine serum (Gibco, Invitrogen, CA,
USA), 50 U/ml penicillin, 50 mg/ml (streptomycin) at 37 �C in a
humidified atmosphere of 5% CO2/95% air.

2.4.2. MTT assay
For cell viability analysis, 10,000 cells/well of rat kidney epi-
thelial cells (NRK-52E) were seeded in 96 well culture plates
and allowed to grow for 24 h. After 24 h, cells were treated

with the various concentrations of synthesized compounds
(NDP-4011 to NDP-4016) dissolved in a molecular grade
DMSO to find out appropriate IC50 value of the respective
compounds. The next day, 10 ml of MTT was added to each
well and incubated for 3–4 h in a CO2 incubator at 37 �C. The
volume of culture was 100 ml in each well. After the incuba-
tion period, the culture medium was removed and the pur-
ple crystals formed were dissolved in 100 ml of molecular
grade DMSO. The absorbance was recorded with the help of
a microplate reader (PromegaGlowmax, USA) at 570 nm
(Thakor, Song, et al., 2017; Thakor, Subramanian, et al., 2017).

2.5. Cyclooxygenase (COX-2) inhibition assay

The inhibitory effects of arylidene analogues and Celecoxib on
COX-2 (human recombinant) were studied by commercial col-
orimetric COX inhibitor screening assay kit (Cayman test kit-
560131; Cayman Chemical Company). Briefly, 160 ml of assay
buffer, 10 ml of heme, 10 ml of COX-2 enzyme and 10 ml of aryli-
dene analogues and standard drug (Celecoxib) were added
into 96-well plate. The plate was shaken for 20 s on a shaker
followed by incubation at 25 �C for 5min. 10 ml of arachidonic
acid was added to initiate the reaction. After careful shaking, it
was incubated at 25 �C for 10min. The absorbance of each
well was measured at 590 nm with a microplate reader.

3. Results and discussion

3.1. Chemistry

The synthetic route used to synthesize diversified arylidene
analogues NDP-4011 to NDP-4016 is outlined in Scheme 1.

Scheme 1. Synthesis of compounds I and NDP-4011 to NDP-4016.
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The starting material 4-(3-methyl-5-oxo-4,5-dihydro-1H-pyra-
zol-1-yl) benzenesulfonamide (I) was synthesized by the reac-
tion of 4-hydrazinyl benzenesulfonamide with methyl
acetoacetate using few drops of concentrated HCl as a catalyst.
Finally, the base-catalyzed Knoevenagel condensation of com-
pound I with a different substituted aldehyde in ethanol con-
taining a catalytic amount of piperidine afforded the targeted
arylidene analogues (NDP-4011 to NDP-4016) in good yield
(Scheme-2). Spectral data (IR, 1H NMR, 13C NMR and mass spec-
trometry) of all newly synthesized compounds were in the full
agreement with the proposed structure. The IR spectrum of
compounds (NDP-4011 to NDP-4016) showed absorption
bands at �3300 and �3200 cm�1 were due to -NH asymmetric
and symmetric stretching, respectively. The other characteristic
bands may be attributed to the following group vibrations:
�1140 and �1330 cm�1 (S¼O symmetric and asymmetric
stretching, respectively), �1570 cm�1 (-NH bends), �3000 and
�790 cm�1 (aromatic -CH stretching and bending, respect-
ively). The 1H NMR spectra showed common signals around
7.36 d, 7.60 d, 7.86 d, 8.30 d and 8.70 dwere due to aromatic pro-
tons present in all compounds. The -C¼CH-R proton in all aryli-
dene analogues (NDP-4011 to NDP-4016) occurred as singlet
around 8.30 d. The 13C NMR spectra of all synthesizedmolecules
show resonance due to aromatic carbon in the range of
120–140 d. The carbons of the pyrazole ring were resonated in
the expected region (d 150–160 ppm). The mass spectrum of all
arylidene analogues (NDP-4011 to NDP-4016) showed
molecular ion peak (Mþ) corresponding to their respective
molecular weights, which additionally confirmed by the
molecular framework.

3.2. In vitro anti-proliferative activity

The anti-proliferative activity of compounds (NDP-4011 to
NDP-4016) and standard drug (Celecoxib) was carried out
by MTT assay. The average IC50 (mM) values are presented
with standard deviation for three independent experiments
in Table 1.

The compounds NDP-4011, NDP-4012, NDP-4013, NDP-
1015 and NDP-4016 were found to have higher cytotoxicity
as compared to Celecoxib on NRK-52E cell line (Table 1).
Out of all synthesized compounds, NDP-4012 attached with
1H-indole and NDP-4016 having 1-methoxy-2-(prop-2-yn-1-
yloxy)benzene showed maximum cytotoxicity. While the
presence of 3-methyl thiophene in NDP-4011 and 2-ethoxy
phenol in NDP-4016 slightly reduces the effect. The com-
pound NDP-4013 [R¼(benzyloxy) benzene)] showed more or
less inhibitory concentration similar to that of Celecoxib. The
presence of benzene ring having -CH3 and -F in NDP-4014
found to be less potent compared to Celecoxib (Table 1).

Scheme 2. Proposed mechanism for the formation of NDP-4011 to NDP-4016 compounds.

Table 1. IC50 values of compounds (NDP-4011 to NDP-4016) and Celecoxib
obtained from MTT assay.

Compound ID(s) IC50 (mM)

NDP-4011 0.078 ± 0.0010
NDP-4012 0.064 ± 0.0017
NDP-4013 0.160 ± 0.0033
NDP-4014 0.323 ± 0.0026
NDP-4015 0.099 ± 0.0029
NDP-4016 0.062 ± 0.0009
Celecoxib 0.185 ± 0.0011
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3.3. In silico ADMET study

One of the most important factors for an orally absorbed
drug is, how well the drug is absorbed? For that, it has to
follow certain parameters like Lipinski’s Rule of Five, polar
surface area (PSA), etc. In the present study, all compounds
were fitted in Lipinski’s Rule of Five with molecular weight
less than 500 g/mol (Table 2), HBA (hydrogen bond acceptor)
less than 10, HBD (hydrogen bond donor) less than 5 and
logP values less than 5. The PSA (�140 Å2) and an optimal
value of rotatable bonds (�10) had abundant importance in
the oral bioavailability of the drug molecules (Dholakia et al.,
2018; Karad et al., 2017; Sapariya et al., 2017; Thakkar,
Thakor, Doshi, et al., 2017; Thakkar, Thakor, Ray, et al., 2017;
Thakor, Song, et al., 2017; Thakor, Subramanian, et al., 2017;
Thakor et al., 2020).

The parameters obtained from PreADMET online tool are
compared with the results of standard drug Celecoxib. In
comparison with Celecoxib, NDP-4011, NDP-4014 and
NDP-4015 had lower absorption to CNS (Table 3). Also, all
analogues NDP-4011 to NDP-4016 had higher human intes-
tinal absorption. In the case of %PPB (plasma protein bind-
ing), all compounds synthesized were weakly bound
compared to Celecoxib. Moreover, all molecules NDP-4011
to NDP-4016 had more or less the same MDCK permeability.
All the synthesized compounds were not violating the rule
more than the maximum permissible limits thus the mole-
cules emerge as potent drug candidates with their drug-like-
ness properties.

3.4. In silico and in vitro COX-2 study

To know the selectivity of the compounds (NDP-4011 to
NDP-4016 and Celecoxib) as potential COX-2 inhibitors,
in vitro cyclooxygenase (COX-2) inhibition activity and in sil-
ico molecular docking study were carried out. Autodock 4.2
software was used to study molecular interactions between
active binding sites of the COX-2 protein target and ligands
(NDP-4011 to NDP-4016 and Celecoxib). In silico molecular
docking of the compounds NDP-4011 to NDP-4016 and
Celecoxib was ranked based on their lowest binding energy
involved in the complex formation at the active site and the
result obtained as depicted in Table 4. The binding energy
of the docked compounds on COX-2 was found in the range
of �9.61 to �10.31 kcal/mol. Compound NDP-4016 was
noted to have the best binding energies of �10.31 kcal/mol.
Interaction energy for compounds NDP-4012, NDP-4013
and NDP-4015 showed almost similar binding energies
(Table 4). The lower difference in binding energies of com-
pounds evident that all compounds could be used as a
selective COX 2 inhibitors.

All the ligands (Figure 1) reside in the receptor pocket
with prodigious ease and display enhanced binding affinity
as compared to the reference molecule. It was interesting to
observe that amino acid residues A:SER339, A:GLN178 and
A:PHE504 of the receptor which plays important roles in
binding through hydrogen bonds with the legends (Figure
2(A–G)). Furthermore, the scoring function and the number
of hydrogen bonding with the surrounding amino acids

Table 2. Molecular properties of Celecoxib and synthesized compounds.

Compound ID(s) NDP-4011 NDP-4012 NDP-4013 NDP-4014 NDP-4015 NDP-4016 Celecoxib

Molecular weight (g/mol) 361.06 380.09 447.13 373.09 401.10 425.10 381.08
HBA 5 4 5 4 6 6 3
HBD 2 3 2 2 3 2 2
RotB 3 3 6 3 5 7 4
logP 2.62 2.64 4.13 2.97 2.61 2.43 3.96
PSA (Å2) 77.21 86.06 83.42 76.19 99.95 91.32 63.66

Table 3. Prediction of ADMET parameters of Celecoxib and synthesized compounds.

Compound ID(s) NDP-4011 NDP-4012 NDP-4013 NDP-4014 NDP-4015 NDP-4016 Celecoxib

BBB 00.009 00.034 00.082 00.010 00.013 00.059 00.027
Caco2 00.456 00.766 00.787 00.662 00.543 00.743 00.499
%HIA 96.976 92.216 97.488 97.720 94.890 98.107 96.687
%PPB 74.718 88.079 87.368 82.040 70.797 83.503 91.077
MDCK 04.108 07.265 00.091 00.336 02.004 00.082 45.049

Note: BBB (blood–brain barrier) (Malani, Thakkar, Thakur, Dhandhukia, et al., 2016; Malani, Thakkar, Thakur, Ray, et al., 2016): high absorption
CNS >2.0, middle absorption CNS 2.0–0.1, low absorption to CNS <0.1; Caco2 (Malani, Thakkar, Thakur, Dhandhukia, et al., 2016; Malani,
Thakkar, Thakur, Ray, et al., 2016): high permeability >70, middle permeability 4–70, low permeability <4; %HIA (human intestinal absorb-
ance) (Malani, Thakkar, Thakur, Dhandhukia, et al., 2016; Malani, Thakkar, Thakur, Ray, et al., 2016): well-absorbed compounds 70%–100%,
moderately absorbed compounds 20%–70%, poorly absorbed compounds 0%–20%; %PPB (plasma protein binding) (Patel et al., 2017): strongly
bound >90%, weakly bound <90%. MDCK (Thakkar, Thakor, Doshi, et al., 2017; Thakkar, Thakor, Ray, et al., 2017): higher permeability >500,
medium permeability 25–500, lower permeability <25.

Table 4. Binding energy of compounds NDP-4011 to NDP-4016 and Celecoxib with receptor 3LN1.

Compound ID(s) Binding energy (kcal/mol) Intermol energy (kcal/mol) Torsional energy (kcal/mol)

NDP-4011 �10.14 �11.33 1.19
NDP-4012 �9.65 �10.84 1.19
NDP-4013 �9.61 �11.7 2.09
NDP-4014 �9.78 �10.97 1.19
NDP-4015 �9.64 �11.73 2.09
NDP-4016 �10.31 �12.4 2.09
Celecoxib �10.23 �11.72 1.49
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provided detailed insights into the possible correlation with
in vitro COX-2 inhibition.

Compounds that showed potent in vitro anti-proliferative
activity (Table 5) and promising binding score (Table 4) were
subjected to in vitro COX-2 inhibition assay. As presented in
Table 6, all compounds (NDP-4011 to NDP-4016 and
Celecoxib) were selected for in vitro COX-2 evaluation. IC50
(mM) (concentration that causes 50% enzyme inhibition) val-
ues were determined. All the compounds exhibited good
inhibitory activities against COX-2 (IC50 ¼ 0.150–0.308mM).

Four targeted compounds (NDP-4011, NDP-4012, NDP-
4015 and NDP-4016) were found as potent COX-2 inhibitors
compared to Celecoxib. Although compounds NDP-4011,
NDP-4016 and Celecoxib showed almost similar binding
energy (Table 4), NDP-4011 exhibited good COX-2 inhibition
potency (Table 6) because of 5 H-bonds formed with
A:GLN172 (2.17 Å), A:HIS75 (2.94 Å), A:SER339 (3.09 Å),
A:PHE504 (3.14 Å) and A:ARG499 (3.34 Å) amino acid residues
inside COX-2 active site (Figure 2(A)). However, compound
NDP-4016 formed the best stable complex with the receptor
(Table 4) but showed lower affinity (IC50 ¼ 0.189mM) than
NDP-4011 (Table 6) due to formed less (4) H-bond com-
pared to NDP-4011 with the receptor (Figure 2(F)). Whereas
compounds NDP-4012 and NDP-4015 formed 5 and 6H-
bonds with the active site of receptor, respectively, which is
higher than the Celecoxib (Figure 2(G)) evident that
although they formed less stable drug-receptor complex but
showed increase COX-2 inhibition potency (Table 6).
Similarly, binding energies and the number of hydrogen
bonding for NDP-4013 (�9.61 kcal/mol, 4) and NDP-4014

(�9.78 kcal/mol, 2) which was less than standard drug
Celecoxib and hence found weakest COX-2 inhibitors. The
binding energy results and number of H-bonding of com-
pounds with the receptor are in good agreement with the
experimental biological data.

4. Conclusion

This study focused on evaluating arylidene analogues as a
potential COX-2 inhibitor. In vitro, anti-proliferative activity
indicated that out of the screened inhibitors, five (NDP-4011
to NDP-4013, NDP-1015 and NDP-4016) displayed better
activity results than the standard drug Celecoxib on NRK-
52E cell line. Compounds NDP-4012 attached with 1H-indole
and NDP-4016 having 1-methoxy-2-(prop-2-yn-1-yloxy)ben-
zene had a high inhibition potency. The compound NDP-
4014 displayed a poor IC50. The results of pharmacokinetic
data suggested that all analogues tended to be considered
as a drug candidate. The stability of the drug-receptor com-
plexes proposed that the majority of the synthesized com-
pounds form stable complexes. In silico molecular docking,
the study reveals that the binding site for arylidene ana-
logues and Celecoxib is the same. Moreover, the in vitro
COX-2 inhibition activity is also quite nearer to each other.
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