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Abstract: This article reports on the design, synthesis, and pharmacological activity of a new
series of hybrid pyrazole analogues: 5a—5u. Among the series Sa—5u, the compounds Su and 5s
exhibited potent anti-inflammatory activity of 80.63% and 78.09% and inhibition of 80.87% and
76.56% compared with the standard drug ibuprofen, which showed 81.32% and 79.23% inhibi-
tion after 3 and 4 hours, respectively. On the basis of in vivo studies, 12 compounds were selected
for assessment of their in vitro inhibitory action against COX1/2 and TNFo.. The compounds
Su and 5s showed high COX2-inhibitory activity, with half-maximal inhibitory concentrations
of 1.79 and 2.51 uM and selectivity index values of 72.73 and 65.75, respectively, comparable
to celecoxib (selectivity index =78.06). These selected compounds were also tested for TNFoL,
cytotoxicity, and ulcerogenicity. Docking studies were also carried out to determine possible
interactions of the potent compounds (5u and 5s), which also showed high docking scores
of —12.907 and —12.24 compared to celecoxib, with a —9.924 docking score. These selective
COX2 inhibitors were docked into the active site of COX2, and showed the same orientation
and binding mode to that of celecoxib (selective COX2 inhibitor). Docking studies also showed
that the SO,NH, of 5u and 5s is inserted deep inside the selective pocket of the COX2-active
site and formed a hydrogen-bond interaction with His90, Arg513, Phe518, Ser353, GIn192, and
Ile517, which was further validated by superimposed docked pose with celecoxib.
Keywords: anti-inflammatory activity, analgesic activity, selective COX2 inhibition, TNFo.
inhibition, molecular docking studies, pyrazole

Introduction

Nonsteroidal anti-inflammatory drugs (NSAIDs) are the most widely used therapeutic
agents for the management of pain and inflammation.! NSAIDs exert their
pharmacological action by inhibiting COX enzymes, which catalyses the conversion
of arachidonic acid to prostaglandins, prostacyclins, and thromboxanes.? Two differ-
ent isoforms of COX exist (COX1 [constitutive] and COX2 [inducible]), which are
assumed to play a vital role in producing pathological and physiological prostaglandins,
respectively.® Currently used NSAIDs employ their anti-inflammatory action mostly
by inhibition of both isoforms of COX.*° However, absence of selectivity and their
long-term clinical use leads to various adverse effects, such as gastric ulceration,
gastrointestinal bleeding, cardiovascular toxicity, and nephrotoxicity, which are mainly
associated with most of the reported nonselective NSAIDs, due to their inhibition of
COX1-mediated physiological prostaglandins.” Similarly, NFkB also plays a key role
by activating the inflammatory response and releasing proinflammatory cytokines and
enzymes, such as TNFa, IL-13, COX2, and iNOS.!%!! Improper regulation of NFxB
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is directly linked to inflammation, together with improper
immunodevelopment. >4

Pyrazole, a key heterocyclic scaffold in medicinal chem-
istry, possess an array of various biological activities, such
as antitumor," anticancer,'®!” antiviral,'® anticonvulsant,"
antibacterial,® and antifungal®' activity. The rationale for
evaluating pyrazole analogues (5a—5u) as anti-inflammatory,
analgesic, and COX inhibitors is based on successful
marketed drugs containing pyrazole as the central core
(celecoxib, SC558, deracoxib, SC560, metamizole, anti-
pyrine, SC581, and lonazolac) (Figure 1). The design of
NSAIDs with higher therapeutic value and lower risk could
be achieved by increasing specificity toward COX2 rather
than COX1.222* In the present study, the central pyrazole
core linked with the phenylsulfonamide group of selective
COX2 inhibitors (celecoxib and SC558) was employed, and
structural modification led to the design of new pyrazole
analogues (Figure 2).

Further the pyrazole moiety was linked to two aryl moi-
eties, of which one was linked through the -CH,NH linker
and the other through the ~OCH, linker. The significance
of our study is in bringing together the pyrazole (excellent
anti-inflammatory agent) and sulfonamide pharmacophore,
known too for its wide range of biological activities, includ-
ing anti-inflammatory activities,”? to obtain a derivative
that is new and with a better pharmacological profile with
fewer side effects. As part of our continuous research and
efforts to design and develop a novel pyrazole-based anti-
inflammatory agent with COX1/2-inhibition effect and

N-N N-N
s=0 s=0
4 \ 7 \
o}
NH, O NH,
Celecoxib SC558
<|3H
oN§
N~

Metamizole Antipyrine

Figure | Chemical structure of some pyrazole-containing anti-inflammatory drugs.

continuation of our previous work, the present investigation
describes the synthesis, anti-inflammatory, and analgesic
activities of substituted pyrazole analogues with the aim
of obtaining nonulcerogenic selective COX2 inhibitors as
anti-inflammatory agents. Moreover, in order to increase
affinity for COX2, the bulky hydrophobic benzyloxyphenyl
group was incorporated in a manner similar to orientation
of the trifluoromethyl group of celecoxib. Further, the
importance of this bulky hydrophobic group was noticed by
formation of one hydrogen bond with Arg120 in molecular
docking studies. The high in vitro COX2-inhibition assay
results of compounds Su and 5s encouraged us to perform
molecular docking studies to establish and understand
the ligand—protein interactions. The in vitro COX assay
and docking study results showed that the N' substituent
of the core pyrazole structure with benzene sulfonamide
moiety is important for selective COX2-inhibitory activity.
Docking studies also revealed that the SO,NH, group of
5u and 5s, as well as celecoxib,?” formed hydrogen bonds
with His90, Arg513, Phe518, Ser353, GIn192, and Ile517,
and was completely inserted in the selective pocket of the
COX2-active site.

Encouraged by all these facts, we designed a new
series of hybrid pyrazole analogues (5a—5u) bearing the
N-phenyly/p-sulfonamide phenyl group involving various
electron-withdrawing and electron-releasing substituents
and in vivo anti-inflammatory, analgesic, ulcerogenic,
in vitro COX1/COX2 selective, TNFa, iNOS and cytotoxic
activity.

N-N N‘Ng
5=0 o}
o] \NH2 /
Deracoxib SC560

Lonazolac
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Figure 2 Strategy for design of target compound with structural resemblance of reference ligand.

Abbreviation: IC; half-maximal inhibitory concentration.

Materials and methods

General chemistry

All the chemicals and reagents used were of laboratory-
reagent grade and purchased from Sigma-Aldrich (St Louis,
MO, USA), EMD Millipore (Billerica, MA, USA), SD Fine
Chemicals Ltd (Mumbali, India), and Thermo Fisher Scientific
(Waltham, MA, USA). Thin-layer chromatography (TLC)
was performed to monitor the progress of the reaction using
benzene, acetone, and toluene/ethyl acetate/formic acid (5:4:1)
as eluent, and the spots were located under iodine vapors or
ultraviolet light (254 nm). The melting points were determined
by the open-capillary method with an electrical melting-point
apparatus, and were uncorrected. Infrared (IR) spectra of the
synthesized compounds were recorded in the 4,000-400 cm™
range on a Shimadzu Fourier-transform (FT)-IR spectrometer
by making KBr pellets, and 'H and *C nuclear magnetic
resonance (NMR) spectra were recorded on a Bruker Avance
spectrometer at 300 and 75 MHz using dimethyl sulfoxide

(DMSO)-d, or CDCI, as an NMR solvent. Ultraperformance
liquid chromatography (UPLC) analysis of the compounds
was performed on a Waters Acquity UPLC system (Waters
Corporation, Milford, MA, USA). The mobile phase consisted
of acetonitrile: 2 mmol ammonium acetate buffer (90:10, v/v).
Synapt mass-spectrometry (MS) detection was carried out
using UPLC MS (Waters Corporation) with an electrospray
ionization (ESI) technique. Elemental analysis was performed
on a CHNOS (carbon, hydrogen, nitrogen, oxygen, sulphur)
elemental analyzer (Vario EL III) using sulfanilic acid as stan-
dard and tungsten(VI) oxide as combusting agent. Elemental
analysis was 10.4%, ie, within the theoretical values.

Synthesis of substituted (E)-1-(1-
(4-(benzyloxy)phenyl)ethylidene)-2-
phenylhydrazine (3a-3b)

A solution of 1-(4-(benzyloxy)phenyl)ethanone (1; 0.226 g,
10 mmol) and substituted phenyl hydrazine (2a—2b;
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0.098 mL, 15 mmol) in 30 mL of absolute ethanol, and
a glacial acetic acid of a catalytic amount (0.3 mL) was
refluxed for 6-8 hours. The progress of the reaction was
monitored by TLC using ethyl acetate:hexane (8:2) as a
solvent system. On cooling, solid product was obtained,
which was filtered, washed with ethanol, dried, and recrys-
tallized from ethanol: white solid, yield 78%, melting point
(MP) 123°C-125°C (3a); and off-white solid, yield 72%,
MP 149°C-151°C (3b).

Synthesis of substituted 3-(4-(benzyloxy)
phenyl)- 1 -phenyl- | H-pyrazole-4-
carbaldehyde (4a—4b)

A solution of compound (3a—3b) in dry dimethylformamide
at 0°C-5°C in a 100 mL round-bottom flask was treated with
dropwise addition of POCI, for 15-20 minutes. The reaction
mixture was heated in a steam bath for 2 hours, cooled to
room temperature, poured on crushed ice, and basified with
sodium bicarbonate. The separated product was filtered,
washed with water, dried, and recrystallized from ethanol
to obtain yellow needle-like crystals of the synthesized
compound.

3-(4-(Benzyloxy)phenyl)- | -phenyl- | H-pyrazole-4-
carbaldehyde (4a)

White solid, yield 73%, MP 128°C-130°C, IR (KBr, cm™)
2,935 (C—H aromatic), 1,710 (C=0), 1,670 (C=N), 1,350
(C=C), 1,255 (C-0). '"H NMR (300 MHz, DMSO-d,)
6 (ppm): 5.12 (s, 2H, benzyloxy—CH,), 6.55 (d, 2H,
Ar-H, J=8 Hz), 7.06 (d, 2H, Ar-H, J=8.4 Hz), 7.23
(d, 1H, Ar-H, J=8.2 Hz), 7.3-7.62 (m, 4H, Ar-H), 7.65
(d, 2H, Ar-H, J=8.8 Hz), 7.73-7.98 (m, 3H, Ar—H),
8.46 (s, 1H, pyrazole-CH), 9.86 (s, 1H, CHO). Analysis
calculated for C_.H N O.: C 77.95, H 5.12, N 7.9; found,

237718 2720

C77.83,H5.17, N 7.83.

4-(3-(4-(Benzyloxy)phenyl)-4-formyl- | H-pyrazol- 1 -yl)
benzenesulfonamide (4b)

White solid, yield 68%, MP 135°C-137°C, IR (KBr, cm™)
3,420 (SO, NH stretching), 2,940 (C-H aromatic), 1,723 (C=0),
1,675 (C=N), 1,334 and 1,170 (S=0), 1,250 (C-0O). 'HNMR
(300MHz, DMSO-d,) &(ppm): 5.34(s, 2H, benzyloxy—CH, ), 7.08
(d, 2H, Ar-H, J=8.4 Hz), 7.17 (bs, 2H, SO,NH,), 7.24-7.42
(m, 3H, Ar-H), 7.45 (d, 2H, Ar-H, J=8.6 Hz), 7.70-7.84
(m, 2H, Ar-H), 7.88 (d, 2H, Ar-H, J=7.8 Hz), 7.92 (d, 2H,
Ar-H, J=8.6 Hz), 8.53 (s, 1H, pyrazole-CH), 9.82 (s, 1H,
CHO). Analysis calculated for C_H N.O,S: C63.73,H4.42,

2377197 374

N 9.69; found, C 63.65, H 4.48, N 9.75.

Synthesis of N-((3-(4-(benzyloxy)phenyl)-
| -phenyl- 1 H-pyrazol-4-yl)methyl)aniline
derivatives (5a—5u)

A mixture of 3-(4-(benzyloxy)phenyl)-1-phenyl-1H-
pyrazole-4-carbaldehyde (4a—4b); (10 mmol) and differ-
ent substituted anilines (12 mmol) in 10 mL of methanol
were added to a round-bottom flask and stirred at room
temperature. 1, (0.4 mmol) was added slowly during stirring
until all iodine was dissolved. Finally, NaBH, (1.4 mmol) was
added slowly to the resulting mixture and stirred further until
completion of the reaction. The progress of the reaction was
monitored by TLC using toluene:ethyl acetate:formic acid
(5:4:1) as a solvent system. The solid precipitate obtained was
filtered, washed with water, dried, and recrystallized from
ethanol.?® Spectral characterization of compounds 5b—5u is
covered in Supplementary materials.

N-((3-(4-(Benzyloxy)phenyl)- | -phenyl- 1 H-
pyrazol-4-yl)methyl)aniline (5a)

White solid, yield 72%, MP 127°C-129°C, IR (KBr, cm™)
3,396 (N-H str), 2,922 (C-H str aromatic), 1,670 (C=N),
1,517 (C=C), 1,240 (C-0), 1,008 (C-N). 'HNMR (300 MHz,
DMSO-d,) 6 (ppm): 3.33 (bs, 1H, NH, D,O exchangeable),
4.3 (s, 2H, CH-NH), 5.09 (s, 2H, CH,-benzyloxy), 6.55
(d, 2H, Ar-H, J=8 Hz), 7.07 (d, 2H, Ar-H, J=8.4 Hz),
7.28 (d, 1H, Ar-H, J=8.6 Hz), 7.42-7.62 (m, SH, Ar-H), 7.68
(d,2H, Ar-H,J=8.4 Hz), 7.73-7.84 (m, 3H, Ar-H), 7.93-8.24
(m,4H, Ar—pyrazole), 8.61 (bs, 1H, pyrazole-H). *C NMR (75
MHz, DMSO) 6 (ppm): 41.05 (CH,-NH), 71.18 (benzyloxy—
CH,),113.12,114.03,114.37,114.89, 119.42,120.09, 120.49,
121.47,125.71,127.31,127.9,128.07, 128.67,129.11, 129 .46,
129.79, 130.1, 130.21, 131.33, 131.87, 131.99, 133.06,
137.17, 140.14 (C—phenylpyrazole), 152.31 (pyrazole),
153.17 (NH—phenyl), 159.62 (benzyloxy—C). ESI-MS (m/z):
432.30 (M*+1). Analysis calculated for C, H, N,O, C 80.72,

297725773

H 5.84, N 9.74; found, C 80.76, H 5.85, N 9.77.

Pharmacology

Anti-inflammatory activity

Carrageenan-induced rat-paw edema?® was used for the
evaluation of in vivo anti-inflammatory activity of synthe-
sized compounds. Wistar rats were procured from the Central
Animal House facility of Jamia Hamdard, New Delhi, India
(1141/CPCSEA), and adapted to room temperature in our
laboratory in accordance with ARRIVE guidelines. This
study was approved by CPCSEA (Committee for the Purpose
of Control and Supervision on Experiments on Animals).
The animals were fasted overnight (12 hours), weighed
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150-200 g, and were divided into groups of six animals each.
Group 1 served as control and received 0.5% w/v carboxym-
ethyl cellulose, group 2 received the standard drug ibuprofen
orally as a positive control at a dose of 20 mg/kg body weight,
and the test groups were administered orally with an equimolar
dose of the synthesized compounds as the standard drug. After 1
hour, all animals were injected with 0.1 mL of 1% carrageenan
solution (prepared in 0.9% of 0.1 mL of saline solution) in the
subplantar aponeurosis of the left hind paw, and the volume of
the paw was measured by using a plethysmometer at intervals
of 3 and 4 hours post-carrageenan treatment.

Analgesic activity

Acetic acid-induced writhing in mice was carried out using
the method of Adeyemi et al.® The writhing effect was
induced by intraperitoneal injection of 0.6% acetic acid (v/v).
Standard and test compounds were orally administered
30 minutes before chemical stimulus at an equimolar dose
of 20 mg/kg body weight to groups of six animals each using
ibuprofen as standard drug. The frequency of muscle contrac-
tions was counted for 20 minutes after acetic acid injection.
Data represent the total number of writhes observed during
the 20 minutes, and are expressed as writhing numbers.

Ulcerogenic activity

Test compounds with anti-inflammatory and analgesic
activities comparable to celecoxib were further tested for
acute ulcerogenic risk, as per Cioli et al’s method.’! The
dose of the test and standard were three times the dose
used for the estimation of the anti-inflammatory activity,
ie, 60 mg/kg body weight. The control group received only
0.5% carboxymethyl cellulose. After drug treatment, the rats
were fed a normal diet for 17 hours and then killed. Their
stomachs were removed and opened along the greater cur-
vature. The test and standard were compared after opening
of the gastric mucosa, and the compounds had not caused
any gastric ulceration or disruption of gastric epithelial cells
at the aforementioned oral dose. Under microscopy, the
effect of ulceration was examined. The mucosal damage
in each stomach was assessed according to the following
scoring system: 0.5, redness; 1, spot ulcer; 1.5, hemorrhagic
streaks; 2, ulcers >3 but <5; 3, ulcers >5. The mean score of
each treated group minus the mean score of control group was
regarded as the severity index of gastric mucosal damage.

COX assay
Recombinant human COX2 has been expressed in an insect
cell-expression system. The enzymes have been purified by

using conventional chromatographic techniques. Enzymatic
activities of COX2 were measured as per Copeland et al*
with slight modifications, using a chromogenic assay based on
the oxidation of N,N,N,N,-tetramethyl-p-phenylenediamine
(TMPD) during the reduction of PGG2 to PGH2. Briefly,
the assay mixture contained Tris-HCI buffer (100 mM,
Ph 8), hematin (15 mM), ethylenediaminetetraacetic acid
(3 mM), enzyme (100 mg COX2), and the test compound.
The mixture was preincubated at 25°C for 1 minute, and then
the reaction was initiated by the addition of arachidonic acid
and TMPD in a total volume of 1 mL. Enzyme activity was
determined by estimating the velocity of TMPD oxidation
for the first 25 seconds of the reaction by following the
increase in absorbance at 603 nm. A low rate of nonen-
zymatic oxidation observed in the absence of COX2 was
subtracted from the experimental value while calculating
the percentage inhibition.

TNFao assay

Macrophage cells were developed in Roswell Park
Memorial Institute (RPMI) 1640 medium containing 10%
fetal bovine serum (FBS), 1 M 4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid, 2 uM glutamine, 100 U/mL
penicillin, and 100 mg/mL streptomycin, which was obtained
by passage through a stainless-steel mesh. Collected
supernatants of cell culture from macrophage cells seeded
with many concentrations of potent compounds were
assayed for proinflammatory cytokine levels using Krishgen
Biosystems enzyme-linked immunosorbent assay (ELISA)
kits (KB2052; Mumbai, India). For this, macrophages were
preincubated with cytochalasin D (2.5 uM/10¢ cells) for
30 minutes before the beginning of the experiment till the
end. Cytokine levels were calculated according to the pro-
cedure recommended by the manufacturer. Cultured cells
in 96-well plates at 2x10° cells/mL and cytokines were then
measured from the supernatants by ELISA. The assay was
performed according to the manufacturer’s instructions with
multipoint analysis. Briefly, 100 uL of diluted capture anti-
body was added to each well in a 96-well plate and left to
adhere overnight at 4°C. Plates were washed and then blocked
with 1% phosphate-buffered saline (PBS) supplemented with
10% FBS for 1 hour at room temperature. The medium was
induced with 100 puL/mL lipopolysaccharide (LPS), together
with test samples or reference drug (celecoxib) at 20 uM
concentrations, and incubated for 24 hours. The supernatant
(50 uL) was then transferred into a 96-well ELISA plate, and
TNFa level in macrophage-culture medium was quantified
by ELISA kits. Plates were then sealed and incubated for
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1 hour at room temperature. After being washed, 100 uL of
atrimethylbenzidine substrate was added to each well. Stock
solution (2N H,SO,) was finally added after incubation in the
dark for 30 minutes at room temperature. Reading of sample
absorbance was taken at 450 nm. The result was interpreted
and values determined against the standard provided by
the manufacturer.®

Nitric oxide (NO) assay

The NO assay was performed using mouse macrophages
(RAW264.7, obtained from the American Type Culture
Collection). Cultured cells were in phenol red free RPMI
medium supplemented using 10% FBS, 100 U/mL penicillin
G sodium, and 100 pg/mL streptomycin at 37°C in an
atmosphere of 95% humidity and 5% CO,. Cells were seeded
in 96-well plates at 10* cells/well and incubated for 24 hours.
Test compounds diluted in serum-free medium were added to
the cells. After 30 minutes of incubation, LPS (5 ug/mL) was
added and the cells were additionally incubated for 24 hours.
The concentration of NO was determined by measuring
the level of nitrite released in the cell-culture supernatant
by using Griess reagent (1% sulfanilamide and 0.1% N-[1-
naphthyl]ethylenediamine dihydrochloride in 5% phosphoric
acid). Percentage inhibition of nitrite production by the test
compound as well as celecoxib as standard was calculated in
comparison to the vehicle control. Optical density (OD) was
measured with a microplate reader at 540 nm.**

MTT assay for cell viability

Cell culture was carried out in triplicate following the same
protocol as that for the TNFor assay. RAW264.7 cells (2x10%)
were cultured in a 96-well plate containing Dulbecco’s
Modified Eagle’s Medium supplemented with 10% FBS to
get required confluence. These cells were stimulated with
20 UM test compounds in the presence of 100 pwg/mL LPS
for 24 hours. Afterward, the cells were washed twice with
Dulbecco’s PBS and incubated with 100 uL of 0.5 mg/mL
MTT (3-[4,5-dimethylthiazol-2-y1]2,5-diphenyltetrazolium
bromide) for 2 hours at 37°C for testing cell viability. The
medium was then discarded and 100 uL DMSO added. After
30 minutes’ incubation, OD was measured using an ELISA
plate reader at 570 nm.*

Molecular docking

Molecular docking studies of all the compounds were carried
out by taking X-ray crystal-structure data to understand the
molecular interactions of the synthetic compounds within the
binding site of COX1 (Protein Data Bank [PDB] ID 3KK6)

and COX2 (PDB ID 1CVU). The molecular docking study
was used to understand the possible best binding pose of
the compounds (5a—5u) by which they could be sorted for
identifying promising leads using Glide 7.0 XP Maestro 10.1
(Schrodinger, New York, NY, USA) running on a Linux
64 operating system.* Molecular docking studies mainly
involve selection and preparation of appropriate protein, grid
generation, and ligand preparation, followed by analysis of
docking output and their interaction. The ligands and the
receptors were separately prepared by using LigPrep and
Protein Preparation Wizard, respectively. The protein struc-
ture of both COX1 and COX2 was separately preprocessed
using Protein Preparation Wizard, and missing hydrogen
bonds were also added, then hydrogen bonds within the
protein structure were optimized, followed by minimization
of protein to a root-mean-square deviation of 0.3 A for the
default setup of Glide. The unwanted water molecules were
also removed from the grid. The only chain A was selected
in the refine tab. Docking scores are used to predict binding
modes, binding affinity, and orientation of synthetic ligands
at the active site of COX1 and COX2.

Statistical analysis

Statistical analyses were performed using GraphPad Prism 5
Software. All data were analyzed by analysis of variance fol-
lowed by Dunnett’s multiple comparison test for n=6: * P<<0.05;
*#P<0.01. Relative-to-normal data were analyzed by paired
Student’s ¢-test for n=6: ***P<<(0.001; ****P<<(0.005.

Results and discussion

Chemistry

The protocol for the synthesis of hybrid pyrazole analogues
(5a—5u)isillustrated in Scheme 1. The intermediate compound 1
was synthesized by the reaction of 4-hydroxyacetophenone
with benzyl chloride in the presence of Na,CO,/KI and
acetone as a solvent with continuous stirring. Subsequently,
compound 1 was further reacted with phenyl hydrazine/4-
hydrazinylbenzenesulfonamide (2a—2b) to give compounds
3a-3b, which were further cycled in the presence of POCI,
and dry dimethylformamide to give 3-(4-(benzyloxy)
phenyl)-1-phenyl/phenylsulfonamide-1H-pyrazole-4-
carbaldehyde (4a—4b). Finally, different substituted anilines
were treated through direct reductive amination using
NaBH,/I, as a reducing agent to give the desired compounds
(5a—Su). All these compounds were reported for the first time
and characterized by FTIR, 'H NMR, *C NMR, and mass
spectral data. In the '"H NMR spectrum of compound 4a, the
aldehydic proton signal appeared singlet at =9.86 ppm, later
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/©)J\ /@ H, _EtOH.GAA

1 2a-2b

R=-H
~SO,NH,

Ar= Phenyl
4-Cl phenyl
3-Cl phenyl
2-Cl phenyl
2,5-Cl phenyl
2-F phenyl
4-F phenyl
4-Br phenyl
3-CI-4F phenyl
3-Me-4 Brl phenyl
2,4-NO, phenyl
3-NO, phenyl
4-hydroxy phenyl
3-OCH, phenyl
3,4-OCH, phenyl
4-CH, phenyl

Scheme | Protocol for the synthesis of pyrazole analogues (5a-5u).

Abbreviations: DMF, dimethylformamide; EtOH, ethanol; GAA, glacial acetic acid.

disappeared, and a new signal of -CH NH- peak appeared
as a singlet at 5=4.3 ppm, integrating two protons, which
suggested reductive amination to yield compound 5a. The
D,O exchangeable NH peak appeared as a broad singlet
at 6=3.33 ppm. Moreover, in the *C NMR spectrum, the
aldehydic peak was transformed into the ~CH,NH- and
appeared at 6=41.05 ppm. In 'H-NMR, the D,O exchangeable
singlet peak was observed around ¢=7.19 ppm, integrating
two protons ascertained as free SO,NH, in compound Su. The
FTIR spectra of compound 5u displayed the presence of the
N-H characteristic absorption band at 3,410 and 3,360 cm™,
and SO, characteristic absorption bands of SO,NH, appeared
at 1,342 and 1,172 cm™. Mass spectrum of this prototype com-
pounds showed a molecular ion peak, ie, (m/z) [M*] at 524.19,
with reasonable intensity confirming the structures. The elu-
cidation of physical and spectral data showed the successful
synthesis of the desired compounds.

In vivo anti-inflammatory activity of
synthesized derivatives (5a-5u)
Anti-inflammatory activity of all the synthesized compounds
was evaluated by the carrageenan-induced hind-paw edema
model.?? All the compounds showed decreased inhibition

@*@

3a-3b

DMFl POCI,

|
O
N
o
4a-4b

NaBH,, | A
MeOH

Ar
N’C

H :
©/\O
5a-5u

of inflammation at 3 and 4 hours (Table 1), and compounds
5s and Su significantly decreased paw edema, showing
inhibition of 80.87%—76.56% and 80.63%—78.09% at 3 and
4 hours compared to the standard drug ibuprofen, which
showed 81.32%—79.23% inhibition at 3 and 4 hours, respec-
tively. Compounds 5b, 5d, 5g, 5i, 5q, 5r, and 5t possessed
moderate anti-inflammatory activity, whereas compounds
Sa, S5c¢, Se, 5j, 5k, and 51 exhibited low inhibition of inflam-
mation compared with the standard drug ibuprofen. The
anti-inflammatory activity of all the synthesized pyrazole
derivatives (5a—Su) is given in Table 1.

Analgesic activity revealing 5s and 5u as

potent derivatives

Pyrazole derivatives with favorable anti-inflammatory activity
were selected for analgesic activity. Acetic acid was used
intraperitoneally for abdominal constriction responses, which
profoundly produces peripherally acting analgesics that may
increase the level of PGE, and PGF, . The analgesic activity
inhibition of 12 tested compounds was between 29.56% and
73.72%. The compounds 5i, 5b, 5n, 5q, 5r, 5d, and 5t showed
significant analgesic activity. The analgesic activity of com-
pounds 5s (73.56% inhibition) and Su (73.72% inhibition)

Drug Design, Development and Therapy 2016:10

submit your manuscript

3535

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Alam et al

Dove

Table | In vivo results of N-((3-(4-(benzyloxy)phenyl)- | -phenyl- | H-pyrazol-4-yl)methyl) aniline derivatives (5a-5u)

Compound Ar R Anti-inflammatory activity Analgesic activity Ulcerogenic activity
(% inhibition = SEM) (% inhibition = SEM) (severity index + SEM)
3 hours 4 hours

5a Phenyl- H 50.77+4.28¢ 47.91+4.39¢ ND ND

5b 4-Chlorophenyl- H 73.42+2.1° 7237824 71.89+2.33¢ 1.07£0.27°

5c 3-Chlorophenyl- H 56.32+1.07¢ 3831+4.11¢ ND ND

5d 2-Chlorophenyl- H 71.45+2.04 69.36+4.32* 53.45+2.26¢ ND

Se 2,5-Dichlorophenyl- H 59.77+1.31¢ 53.77+2.35¢ ND ND

5f 2-Fluorophenyl- H 61.08+2.04¢ 54.72+2.28¢ 33.25+2.37¢ ND

S5g 4-Fluorophenyl- H 71.08+2.04* 61.72+2.28¢ 49.21+1.87¢ 1.03£0.13°

5h 4-Bromophenyl- H 70.91£2.5° 67.43+4.02* 29.56+1.85¢ ND

5i 3-Chloro-4-fluorophenyl- H 76.34+2.6 75.55£2.3* 72.50+1.22 0.824+0.35°

5j 3-Methyl-4-bromophenyl- H 41.25+1.32¢ 33.742.2¢ ND ND

5k 2,4-Nitrophenyl- H 42.95+2.5¢ 20.43£1.93¢ ND ND

51 3-Nitrophenyl- H 57.27+2.82¢ 41.27+3.82¢ ND ND

5m 4-Hydroxyphenyl- H 63.43+1.22¢ 58.71+2.54 ND ND

5n 3-Methoxyphenyl- H 71.06+4.23° 59.23£5.21° 67.89+2.33¢ 0.76+0.36°

50 3,4-Dimethoxyphenyl- H 52.47+3.41¢ 30.9145.16¢ ND ND

5p 4-Methylphenyl- H 52.4243.1¢ 43.06+3.78¢ ND ND

5q Phenyl- SO,NH, 56.72+3.24¢ 60.63+3.39° 57.33+1.87¢ ND

5r 4-Chlorophenyl- SO,NH, 79.631£0.49° 80.01+2.23° 57.24+1.55¢ 0.9340.122

5s 2-Chlorophenyl- SO,NH, 80.87+2.67¢ 76.561+2.34 73.56+1.25¢ 0.64+0.43°

5t 4-Fluorophenyl- SO,NH, 77.85+£2.23* 68.74+3.2* 65.12%1.2¢ 0.85+0.36°

Su 4-Methylphenyl- SO,NH, 80.63+0.53¢ 78.09+2.45¢ 73.72+| .87¢ 0.81+0.3°

Ibuprofen - - 81.32+0.59° 79.2310.4* 74.12%1.2¢ 1.16+0.4

Control - - - - - -

Notes: P<<0.05; ®P<0.01; <P<<0.001; %P<<0.005.

Abbreviations: SEM, standard error of the mean; ND, not determined; ANOVA, analysis of variance.

were found to be comparable with the standard drug ibuprofen
(74.12% inhibition), as shown in Table 1.

Gastric ulceration studies of compounds
5s and 5u

Gastric ulceration is a major problem of NSAIDs.* Therefore,
compounds that showed significant anti-inflammatory and
analgesic activities were selected for the gastric ulceration
studies. It was found that the compounds 5s and 5u did not
induce any gastric ulceration or rupture of the gastric mucosal
layer at a drug concentration of 60 mg/kg, nor did ibuprofen
result in any trace of damage or ulceration to the epithelial
layer of stomachs of experimental rats. Histopathological
results of rat stomachs treated with the standard drug
(ibuprofen) and active compounds in comparison to healthy
controls are shown in Figure 3.

In vitro COX-inhibition assay

Compounds demonstrating substantial in vivo anti-
inflammatory activity were evaluated further by in vitro
COX-inhibition assay. The obtained data (Table 2) showed

that all tested compounds were very weak inhibitors of
the COX1 isoenzyme with half-maximal inhibitory con-
centration (IC,)) =45.23-204.51 uM, but revealed sig-
nificant selective COX2 isoenzyme-inhibitory activity with
IC,=1.79-9.63 uM. Compounds 5u, 5s, Sr, and 5t displayed
significant selective COX2 inhibition, with selective index
(SI) values of 74.92, 72.95, 64.40, and 22.21, respectively,
compared to celecoxib, with an SI of 78.06. The SI may be
defined as the ratio of drug concentration (IC,)) that inhibits
the COX1 and COX2 isoforms. Compounds 5b, 5i, 5g, 5n,
5d, and 5q showed moderate SI values of 47.45, 32.34,
33.79, 21.97, 19.60, and 14.87, respectively. SI values of
compounds Su, 5s, 5r, and 5t showed their selective nature
toward the COX2 isoform (Table 2).

In vitro TNFol assay

Compounds displaying good in vivo anti-inflammatory activi-
ties were further evaluated for their in vitro TNFa activity.
LPS-induced cells elevated the level of TNFo. markedly, which
was evaluated on RAW264.7 cells. All selected 12 compounds
showed TNFa inhibition at 20 uM drug concentrations
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Figure 3 Histopathological study of stomachs of rats treated with standard drug (ibuprofen) and active compounds in comparison to healthy controls.
Notes: Green arrow shows a normal mucosal cell. Blue arrow shows mucosal cell damage when treated with |buprofen. Black arrow represents the mucosal cell damage

(ulcer) in high resolution (x40).

(Figure 4). It was found that the level of TNFo. post-LPS
induction was significantly controlled by compounds 5i, 5u,
5j, and Sr. These compounds exhibited potent results, with
good inhibitions of 75.49%, 71.52%, 70.54%, and 69.91%,
respectively, while the standard drug celecoxib showed inhibi-
tion of 71.97% at 20 UM drug concentrations.

iINOS assay

An important signaling molecule of NO is formed during
the inflammatory response from macrophages and activated
cells.*® Higher NO concentration has been observed previ-
ously in the synovial fluid of those suffering from rheumatoid
arthritis.** Our aim was to check the formation and elevation

of NO levels in carrageenan-induced inflammation in the rat.
A significant rise in NO levels was observed in carrageenan-
treated rats compared with controls. Few selected compounds
decreased nitrite levels significantly, which was responsible
for the formation of NO (Table 2). The compounds 5s, 5i,
5u, and 5q consequently suppressed the increase in NO level
to 7.08, 7.89, 7.97, and 8.47 mmol/mg, respectively, while
the standard drug celecoxib suppressed the increase in NO
level to 7.53 mmol/mg.

Cytotoxicity test through MTT assay
Cytotoxicity study of active anti-inflammatory compounds
was evaluated by MTT assay. The results for the compounds

Table 2 Results of in vitro COXI/COX2 enzyme inhibition, NO-inhibition assay, and cytotoxicity study

Compound IC,, (WM)* SI® NO (nitrite/mg, mmol/mg) Cytotoxicity (% cell
coxi cox2 20 uM viability 20 pM)

5b 204.51 4.31 47.45 12.16+0.7 84+2.4|

5d 98.62 5.03 19.6 11.93+0.57 71+2.35

5f 95.25 9.45 10.07 17.71£0.35 651+2.45

5g 139.23 4.12 33.79 10.06+0.48 73£1.18

5i 137.45 425 32.34 7.89+0.52 92+2.59

5n 103.52 471 21.97 11.43+0.26 70+2.37

5h 125.12 9.63 12.99 18.26+0.55 41+2.84

5q 45.23 3.04 14.87 8.47+0.21 59+2.84

5r 192.58 2.99 64.4 9.50+0.21 92.5+2.41

5s 183.11 251 72.95 7.08+0.51 94+2.12

5t 63.76 2.87 22.21 10.96+0.51 90+1.33

Su 134.07 1.79 74.92 7.97£0.79 91+1.96

Celecoxib 242 0.31 78.06 7.53+0.23 93+1.44

LPS ND ND ND 20.46+1.03 ND

Control ND ND ND - 100

Notes: °For means of three determinations where deviation from the mean is <10% of the mean value; *"COX| IC, /COX2 IC, .
Abbreviations: IC, half-maximal inhibitory concentration; SI, selectivity index; ND, not determined; NO, nitric oxide; LPS, lipopolysaccharide.
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Figure 4 In vitro TNFo. assay of synthesized compound.
Notes: Data analyzed by one-way analysis of variance followed by Dunnett’s t-test
and expressed as mean + standard error of the mean from six observations.

are shown in Table 2. The effects clearly demonstrated that
five compounds — 5s, 5r, 5i, Su, and 5t possessed more than
90% cell viability at 20 uM drug concentration; therefore,
these compounds did not cause any normal cell death and
would be assumed safe. The compounds 5b, 5g, 5d, and 5n
showed significantly low cytotoxic effect, with 70%—85%
cell viability, but the remaining tested compounds were
found to be cytotoxic.

Molecular docking study

The promising in vitro COX2-inhibition results of com-
pounds Su and 5s encouraged us to perform molecular
docking studies to establish and understand the ligand—
protein interactions. For this study, the crystal structures
of COX1 and COX2 enzyme complexes with a cocrystal
(http://www.pdb.org) were selected as the protein target used

for the docking study. Before analyzing the docking studies,
we must understand the COX1 and COX2 pocket structure,
since we know that the COX2 active site is approximately
25% larger than COX1, which forms a new side pocket
called a selectivity pocket and can accommodate bigger
structure. That is why arylsulfonamide derivatives could
not be docked for COX1, because these compounds (aryl-
sulfonamide) are not able to reach the active site of COX1
or accommodate/interact in the smaller space of the COX1
site. The volume of the selectivity pocket is reduced, due
to the presence of 11e523 in COX1, while the presence of
Val523 in COX2 provides enough space for possible inter-
action and stable binding of COX2 inhibitors.* This fact
and prediction was validated by crystallographic structure
(PDB ID 3KK6). Among all the synthesized molecules,
the most promising COX2 inhibitors Su and 5s exhibited

high docking scores of —12.907 and —12.18, respectively,
whereas the docking score of celecoxib was found to
be —9.924. The results of docking studies showed that all the
compounds exhibited higher docking scores than celecoxib
(Table 3). The orientation and conformation of docked
compounds 5u and 5s were similar to the celecoxib. The
two-dimensional LigPlot diagram of compounds 5u and 5s
with COX2 is represented in Figure 5. The methylene amino
(-CH,~-NH-) group between the pyrazole scaffold and
aryl ring increases flexibility, and due to this, the aryl ring
can be accommodated more favorably toward the binding
pocket of COX2. The -NH- of p-methylaniline (Su) and
2-chloroaniline (5s) functionality participated in hydrogen
bonding with the side chain of Ser530 residue of the binding
pocket of COX2 at distances of 2.35 A (NH-OH) and 2.44 A
(NH-OH), respectively (Figure 6). The binding interaction
with Ser530 is the key important feature for COX2-inhibitory
activity, and also contributed to stabilize the ligand—enzyme
complexes. In order to enhance affinity for COX2, the
bulky benzyloxyphenyl moiety in the pyrazole ring was
incorporated. The interaction of docked compounds Su and
5s with COX2 depicted in Figure 6A and C shows that the

Table 3 In silico docking score of N-((3-(4-(benzyloxy)phenyl)- | -
phenyl-1H-pyrazol-4-yl)methyl) aniline derivatives (5a-5u)

Compound Ar R Docking score
COXI COX2
S5a Phenyl- H —12.128 —11.412
5b 4-Chlorophenyl- H —12.777 -11.072
S5c 3-Chlorophenyl- H —12.482 —11.345
5d 2-Chlorophenyl- H —12.307 —11.245
Se 2,5-Dichlorophenyl- H —-12.404 -12.18
5f 2-Fluorophenyl- H —12.822 -I11.311
5g 4-Fluorophenyl- H -11.88 —I1.123
5h 4-Bromophenyl- H —12.728 -11.414
5i 3-Chloro-4-fluorophenyl- H —12.423 -11.701
5j 3-Methyl-4-bromophenyl- H —10.132  —-10.625
Sk 2,4-Nitrophenyl- H —-10.059 -10.185
51 3-Nitrophenyl- H —11.707 —11.48I
5m 4-Hydroxyphenyl- H —11.314 -10.293
5n 3-Methoxyphenyl- H —11.576 —11.668
50 3,4-Dimethoxyphenyl- H —11.344 -10.023
Sp 4-Methylphenyl- H —12.774 —11.055
5q Phenyl- SO,NH, # —11.842
5r 4-Chlorophenyl- SONH, # —11.978
5s 2-Chlorophenyl- SO,NH, # —-12.240
5t 4-Fluorophenyl- SONH, # -12.123
Su 4-Methylphenyl- SO,NH, # —-12.907
Celecoxib # # # -9.924

Note: “#” Compounds do not give any docking score for COXI.
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Notes: (A) Compound 5u; (B) compound 5s.
Abbreviation: 2-D, two-dimensional.
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Figure 6 Docked pose of 5s and 5u.

Notes: (A) Best docked pose of compound 5u (green), represented as ball-and-stick model in the binding site of COX2, showing hydrogen-bond interaction (yellow dashed
lines) with Ser530, Argl20, His90, Arg513, Phe518, Ser353, GIn192, and lle517; (B) zooming in on the docked-pose sulfonamide structure of compound 5u (green), showing
hydrogen-bond interaction; (C) best docked pose of compound 5s (turquoise), represented as ball-and-stick model in the binding site of COX2, showing hydrogen-bond
interaction (yellow dashed lines) with Ser530, Argl20, His90, Arg513, Phe518, Ser353, and GInl192; (D) zooming in on the docked-pose sulfonamide structure of compound

5s (turquoise), showing hydrogen-bond interaction.

oxygen atom of the benzyloxy group at the para-position
of the phenyl ring attached to the pyrazole core had one
important H-bonding interaction with Arg120 at distances of
3.01 A (O-HN- guanidine) and 2.88 A (O-HN- guanidine),
respectively. The 4-methylbenzene ring of Su was occupied
in a hydrophobic cavity, like the 4-methylbenzene ring of
celecoxib, and surrounded by amino acid residues Phe518,
Trp387, Phe381, Tyr385, and Leu381, displayed in gray
CPK representation (Figure 7B). The benzyloxyphenyl group
attached to the C3 position of the pyrazole ring resides in
another hydrophobic pocket, surrounded by Tyr355, Val349,
[le345, Leu359, Leu531, Leull7, and Valll6 displayed
in gray CPK representation (Figure 7B). Furthermore, the
docked pose of Su and 5s revealed that the hydrogen atoms
of the sulfonamide pharmacophore (SO,NH,) formed two
hydrogen bonds with the backbone of Ser353 (1.87 A,
H-0=C; 1.82 A, H-O=C) and side chain of GIn192 (1.81 A,
H-0=C; 1.84 A, H-O=C) in the selectivity pocket of COX2.
Finally, the oxygen atoms of the sulfonamide group inside
the selectivity pocket assumed a favorable conformation in
which one of the oxygen atoms formed two hydrogen bonds

with the side chain of His90 (2.24 A, S=0-HN; 2.49 A,
S=0-HN) and side chain of Arg513 (3.06 A, S=O-HN;
2.58 A, S=0-HN), and the other oxygen atom formed a
hydrogen bond with the backbone of Phe518 (2.44 A, S=0-H;
2.49 A, S=0-H) in compounds 5u and 5s, respectively.
Moreover, one oxygen atom of the sulfonamide group of
Su showed an additional hydrogen-bond interaction with
Ile517 (O-HN, 3.05 A) in the selective binding pocket, which
was not observed in celecoxib. The orientation and interac-
tion of the sulfonamide pharmacophore of 5u and Ss in the
docked pose were similar to the sulfonamide pharmacophore
of celecoxib, which was further validated by superimposed
docked pose (Figure 7A). Further zooming the docked pose
of Su revealed six hydrogen bonds with amino acid residues
of His90, Arg513, Phe518, Ser353, GIn192, and 1le517 in
the selectivity pocket of COX2 (Figure 6B). These types of
interactions are essential pharmacophoric requisites, and
play a crucial role for designing selective COX2-inhibitory
activity. The receptor-surface model of compound Su bound
to COX2, showing hydrophobic pocket 1, hydrophobic
pocket 2, and the selectivity pocket in which p-methylaniline,
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Arg120 A

Figure 7 Superimposed and hydrophobic interactions of 5u.

Notes: (A) Superimposed docked pose of celecoxib (pink), with compound 5u (green) represented as stick model at the binding site of COX2, showing alignment and
orientation with interacting amino acid residues; (B) hydrophobic enclosures of compound 5u: hydrophobic atoms on the ligand are represented as green ball-and-stick

model, and hydrophobic amino acids are displayed in gray CPK representation.

benzyloxyphenyl, and sulfonamide were accommodated, e
respectively (Figure 8).

Structure—activity relationship

The structure—activity relationship of pyrazole analogues

was as follows: °

e both electron-withdrawing and electron-releasing
groups showed good docking scores and imparted good
biological effects

among compounds 5a—5u, compounds 5q—5Su, with a
sulfonamide substitution on the para-position of the
N-phenyl ring, displayed higher COX2-inhibitory activity
than those without para-substitution derivatives in com-
pounds 5a—Sp

pyrazole derivatives bearing a methyl group at the para-
position at the aniline ring and the sulfonamide group
at the N-phenyl ring showed higher COX2-inhibitory
activity than those with Cl or F substituents at the same
position

COX2-inhibitory activity was slightly decreased in
compounds with one chloro-group at ortho-position on
the aniline ring in sulfonamide containing derivative 5s
compared to compound 5u, while the same substitu-
ent at the same position in compounds without having
sulfonamide moiety showed a remarkable decrease in
COX2-inhibitory activity

compounds with halide groups were active against
TNFo and reduced inflammation during in vivo anti-
inflammatory activity

significant in vivo anti-inflammatory and in vitro selective
COX2 activity was observed in the sulfonamide deriva-
tives Su and Ss.

Conclusion
In this work, we designed, synthesized, and evaluated a
new series of pyrazole-bearing methylamine derivatives by

Figure 8 Receptor-surface model. reductive amination. Compounds showing significant anti-

Notes: Receptor-surface model of compound 5u (green stick) bound to COX2, show-
ing hydrophobic pocket | (p-methylaniline), hydrophobic pocket 2 (benzyloxyphenyl),

inflammatory activity were subjected to COX2- and TNFo.-

and selectivity pocket (SO,NH,). inhibition studies. Compounds 5s and Su exhibited potent
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anti-inflammatory activity of 80.87% and 80.63% inhibition
compared with the standard drug ibuprofen, which showed
81.32%. The optimal COX2-inhibitory potency of Ss and Su
(IC,=2.51 and 1.79 uM) and SI =72.95 and 74.92 was com-
parable with celecoxib, with SI =78.06. This provides infor-
mation regarding promising TNFo-inhibitory potency, with
75.49% and 71.52% inhibition for 5i and Su. The structure—
activity relationships showed that sulfonamide substituted with
methylamine pyrazole derivatives has the basic geometry to
provide potent and selective inhibition of the COX2 isoenzyme
and exhibited excellent anti-inflammatory activities. Outcomes
of the in vitro COX assay, docking analysis, and binding mode
of pyrazole derivatives for good COX2-inhibition activity
revealed that the compounds must have the -SO,NH, group
to bind perfectly in the selective pocket of the COX2 enzyme.
Finally, molecular modeling and biological studies gave us
valuable ideas for the design of novel and more potent COX2
inhibitors as anti-inflammatory agents.
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