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A series of 3-methyl-4-substituted benzylidene pyrazol-5-ones were subjected to molecular docking studies using targets involved in
nociception such as COX-2, TRPV1, P2X3 and glutamate to explore the structural features necessary for interactions with the active site
of amino acids in various biological targets. Molecular docking studies showed that the introduction of electron releasing groups on
benzylidene ring seem to enhance the binding affinity of pyrazolones. Compounds M2 (4-hydroxy) and M8 (3,4-dimethoxy) showed
good binding affinity for TRPV1 and P2X3 receptors, whereas compound M9 (3,4,5-trimethoxy) was found to be favorable for COX-2
and glutamate receptors. These compounds were synthesized and evaluated using capsaicin, ATP and glutamate induced nociception to

Compounds M6 (3,4-dichlro) and M8 (3, 4-dimethoxy) displayed good antinociceptive activity in TRPV1 and ATP induced nociception
models whereas, compound M9 (3, 4, 5-trimethoxy) exhibited promising activity in glutamate-induced nociception. Some of the synthesized

compounds bearing unsubstituted 4-hydroxy-2,3-dimethoxy and 4-dimethylamino benzylidene ring (M1-M4) have been earlier reported

that the compounds possessing 4-hydroxy and 4-dimethylamino groups showed good antinociceptive activity in all the models. The

results might be useful to design and develop pyrazolones as potential antinociceptive agents.
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study the effect of title compounds on TRPV1, purinergic and glutamate receptors, respectively at a dose of 150 mg/kg body weight. |
|
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| for their antinociceptive activity in acetic acid induced writhing and tail immersion methods. The results of the present study implicated
L

INTRODUCTION

Pain management remains challenging irrespective of the
various recent advancements in the development of potential
antinociceptive agents. Research in this area revealed involve-
ment of diverse targets such as receptors, neurotransmitters,
voltage-gated sodium and potassium ion channels and enzymes,
indicating complex nature of pain mechanisms. Some impor-
tant receptors include cannabinoid (CB1 and CB2) imidazo-
line-2 (I,), adenosine, purinergic (P2X3 and P2X7), transient
receptor potential vanilloid (TRPV) and ankyrin (TRPA) and
neurotransmitters such as bradykinin, prostaglandin E,, tumor
necrosis factor alpha (TNF-ov), interleukin (IL)-1 and nitric oxide.
Soluble epoxide hydrolase (eSH), cyclooxygenase-2 (COX-2)
nitric oxide synthase (NOS) and enzymes related to endocanna-
binoid system like fatty acid amide hydrolase (FAAH), mono
acylglycerol lipase (MAGL) are potential targets for antinoci-
ceptive drug development [1-9].

Narcotic analgesics, nonsteroidal anti-inflammatory drugs
(NSAIDs) and several other non-specific analgesics such as
antidepressants, local anesthetics and anticonvulsants are used
to treat a range of pain conditions. Recently, approved drugs such
as ziconotide (N-type calcium channel inhibitor), ketamine
(NMDA antagonist) and dronabinol (CB1 & CB2 agonist) exhibit
antinociceptive activity by acting through novel mechanisms,
indicating the importance of newer targets for pain. Limited
clinical effectiveness of the available antinociceptive drugs is
the major driving force to search newer and effective antinocice-
ptive drugs [10].

Pyrazolone represents an important scaffold to design and
develop molecules with antinociceptive and antipyretic activities.
Antipyrine, an analgesic drug and several NSAIDs such as phenyl-
butazone, oxyphenbutazone and aminophenazone possess
pyrazolone moiety in their structure [11]. Compounds possess-
ing pyrazolone ring have been extensively described for their
diverse pharmacological activities viz., antipyretic, antinocicep-
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tive, anti-infalmmatory, antiviral and antioxidant activities [12-
15]. Pyrazolone containing drugs such as dipyrone exhibit anti-
nociceptive activity by inhibiting transient receptor potential
ankyrin (TRPA1) and adenosine 5' tri phosphate (ATP)-induced
calcium responses indicating that pyrazolones can modulate
the activity of TRP and ATP receptors [16,17].

Several antimicrobial, antiniflammatory, antinociceptive
and cytotoxic compounds possess arylidene or heteroarylidene
ring in their structure, indicating the pivotal role of arylidene
ring for the activity. In general, introduction of substituted benzyli-
dene/arylidene ring enhances the biological activities of parent
structure which might be due to the lipophilicity and favourable
steric effects imparted by arylidene scaffold [18-20].

3-Methyl-4-substituted benzylidene pyrazol-5-ones were
reported to exhibit antinociceptive activity in acetic acid induced
writhing and tail-flick methods [14,15]. It was found intere-
sting to probe the detailed antinociceptive mechanisms of these
compounds. Molecular docking is an efficient in silico tool
which provides an insight into ligand-target interactions and
reveal electrostatic as well as steric complementarity between
the target structure and ligand molecule. Prompted by the useful-
ness of molecular docking studies, 3-methyl-4 substituted benzy-
lidene pyrazol-5-ones (M1-M9) were docked into the active
sites of targets (COX-2, TRPV1, glutamate and P2X3) related
to antinociceptive activity. Based upon the molecular docking
results, a series of 3-methyl-4-substituted benzylidene pyrazol-
5-ones were synthesized and screened for antinociceptive
activity using nociception models such as capsaicin, glutamate
and ATP-induced nociception models. In addition, molecular
properties and pharmacokinetic properties were calculated to
predict oral bioavailability, absorption, distribution and CNS
permeation which might be correlated to biological activities
displayed by the title compounds.

EXPERIMENTAL

Hydrazine hydrate, ethylacetoacetate and different aldehydes
were purchased from Sigma-Aldrich chemicals. All other chem-
icals are of AR grade. The melting points were determined in
one-end-open capillary tubes on a "Thermonik Precision Melting
point cum Boiling point apparatus, Model C-PMB-2 and were
uncorrected. The purities of the compounds were monitored by
TLC using precoated aluminium sheets (Merck), coated with
silica gel (Keisel gel 60). The spots were developed in an iodine
chamber and visualized under ultra-violet (UV) spectra chamber.
The IR spectra were obtained using KBr pellets on Perkin-
Elmer Spectrum-BX-I infrared spectrophotometer (cm™). The
'"HNMR spectra were recorded in CDCl; on Bruker-400 MHz
or Jeol-400MHz instrument. Mass (m/z) spectra were obtained
using LCMS-8030 mass spectrometer with mass selective detector.

Molecular docking studies: SwissDock (http://swissdock.
vital-it.ch/),was used for performing molecular docking studies
[21]. Ligand molecules (M1-M9) were built using Chem Draw
12 version and saved in mol2 format whereas crystal structures
of proteins (COX-2: PDBID: 3LN1; P2X3 PDBID: 5SVIJ;
TRPV1: PDBID: 2PNN; glutamate: PDBID: 3RNS8) were retri-
eved from Protein Data Bank. Protein structure for P2X3 i.e.
5SVI was prepared using "dock prep" module (solvent mole-
cules are removed; hydrogens and partial charges are added)

available in chimera and others were directly submitted for the
docking study. To compare the results, respective inbuilt ligands
were selected for the docking studies [COX-2: celecoxib; P2X3:
adenosine triphosphate (ATP); TRPV 1: adenosine triphosphate
(ATP); glutamate: 3,3’-benzene-1,4-diylbis(4-cyano-5-ethyl-
thiophene-2-carboxylic acid (RN8)].

Whole protein structure was selected for the docking. The
predicted binding modes with most favourable energies were
evaluated with fast analytical continuum treatment of solvation
(FACTS) in SwissDock module and clustered. The most favo-
urable clusters can be visualized using the View Dock plug-in
of UCSF chimera. Gibbs free energy (AG) and fullfitness energies
were calculated for each molecule in the protein complex.

Pharmacology: Adult male Wistar rats (200-240 g) were
obtained from Sri Venkateswara Enterprises, Bangalore, India.
They were kept in a temperature controlled environment (25
+2°C) with a 12 h light-dark cycle with access to food and water
ad libitum. All animal experimental protocols were approved
by Institutional Animal Ethical Committee (IAEC) of Sri
Padmavati Mahila University, (1677/PO/Rs/S/2012/CPCSEA/
28), Tirupati, India. The following three antinociceptive models
were used to evaluate the synthesized compounds (M1-M9).
The compounds were suspended well in 1 % sodium carboxy-
methyl cellulose solution freshly before administration to animals.

Capsaicin induced nociception model: In this test, noci-
ception was induced by administering 20 L of capsaicin (1.6
ug/paw) onto the intraplantar region of the right hind paw of
rat [22]. The animals were treated with synthesized compounds
(150 mg/kg p.o) 60 min prior to capsaicin injection. The rats
were placed in a Plexiglas cage (30 20 20 cm). The amount of
time spent licking the injected paw was recorded after 5 min
following the injection of capsaicin.

Adenosine 5’-triphosphate (ATP) induced paw licking
test: In this test, nociception was induced by administrating
0.125 mg/mL of ATP [23] and the time spent and number of
licking/flinching to the injected paw, was considered as the
indicators of pain and registered separately at 0-10 min. The
control animals received a similar volume of saline.

Glutamate induced paw licking test: The animals were
treated with synthesized compounds (150 mg/kg p.o) one hour
before the glutamate injection. Nociception was induced by
administrating 20 L of 30 mol glutamate into the intraplantar
region of the right hind paw of rat [24]. After injection of
glutamate, the rats were observed for 15 min post injection
and the time spent and number of licking the injected paw was
recorded and considered as nocifensive behaviour.

Statistical analysis: The results were presented as mean
+ SD. The statistical significance was analyzed by analysis of
variance followed by Dunnett's multiple comparison test. P-
values of less than 0.05 were considered as indicative of signifi-
cance.

Prediction of Molecular and ADME descriptors: Molecular
descriptors [log P (partition coefficient), molecular weight, hydro-
gen bond acceptors and donors a molecule and topological polar
surface area (TPSA)] were calculated using the online software
(http://www.molinspiration.com/). Pharmacokinetic properties
were predicted using pre ADMET online server (http://preadmet.
bmdrc.org/), which calculates the human intestinal absorption,
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in vitro Caco-2 cell permeability, Maden Darby Canine Kidney
(MDCK) cell permeability, skin permeability, plasma protein
binding and blood brain barrier penetration (BBB) [25]. The
drug absorption percentage [26] was estimated using the follo-
wing equation:

ABS (%) = 109 — (0.345 x TPSA)

RESULTS AND DISCUSSION

A series of 3-methyl-4-substituted benzylidene pyrazol-
5-ones (M1-M9) were synthesized by condensing 3-methyl
pyrazol-5-one with various substituted aromatic aldehydes
(Scheme-I). The title compounds were obtained in good yields.
The IR spectra of the compounds displayed characteristic absor-
ption bands in the regions 2850-2840 cm™ (C-H arom.), 1648-
1600 cm™ (C=0), 1586-1500 cm™ (C=C). The '"H NMR spectra
of the title compounds showed the signals of aromatic hydrogens
and methane protons as multiplets between 6.8-8.3 ppm. The
mass spectra of the compounds showed the characteristic M* or
[M+H]" peaks.

Spectral data

4-Benzylidene-3-methyl-1H-pyrazol-5-(4H)-one (M1):
m.f. C;;H;)N,O, m.p. 242-244 °C (lit. 240-242 °C); Elemental
analysis (Found) %: C, 70.90; H, 5.42; N, 15.03; O, 8.57. FTI-IR
(KB, Vinas, cm™): 3486.50 (N-H st7.), 2826.24 (C-H arom. str.),
2654.21 (C-H aliph. str), 1693.79 (C=0 str), 1585.87 (C=C
str.); '"H NMR (CDCl;, § ppm): 2.21 (s, 3H, CHs), 6.68-7.28
(m, 4H, Ar-H & benzylidene), 8.05 (s, 1H, NH). MS (m/z): 186
[M]%; 187 [M+H]".

4-(4-Hydroxybenzylidene)-3-methyl-1H-pyrazol-5-
(4H)-one (M2): m.f. C;;H;(N,O,, m.p. 208-210 °C (lit. 212-
214 °C); Elemental analysis (Found) %: C, 65.37; H, 4.96; N,
13.82; O, 15.81. FT-IR (KBr, Vina, cm™): 3469.06 (O-H str1),

o)
HsC T

@)
Ethylaceto acetate

+  NH,NH,

Hydrazine

R=M1= H
M2 = OH

M3 = 2,3-(OCHg),

M4 = N(CH3),
M5= 4-Cl
M6 = 3,4-(Cl),
M7= NO,

2878.45 (C-H arom. str:), 2829.67 (C-H aliph. str:), 1670.41 (C=0
str), 1596.33 (C=C str.); '"H NMR (CDCls, § ppm): 1.92 (s, 3H,
CHs), 6.13 (s, 1H, benzylidene), 6.61-7.11 (m, 4H, Ar-H), 8.05
(s, IH, NH). MS (m/z): 202 [M]*, 203 [M+H]".
4-(2,3-Dimethoxybenzylidene)-3-methyl-1H-pyrazol-
5(4H)-one (M3): m.f. C;3HuN,Os, m.p. 205-207 °C (lit. 208-
210 °C); Elemental analysis (Found) %: C, 63.38; H, 5.72; N,
11.36; O, 19.47. FT-IR (KBr, Vi, cm™): 3376.65 (N-H str),
2985.87 (C-H arom. str), 2849.84 (C-H aliph. str), 1678.23
(C=0 str), 1569.79 (C=C str.); '"H NMR (CDCls, 8 ppm): 1.89
(s, 3H, CH3), 3.01 (s, 6H, (OCHjs),, 6.21 (s, 1H, benzylidene),
6.59-725 (m, 3H, Ar-H), 8.09 (s, 1H, NH); MS (m/z): 202 [M]",
203 [M+H]".
4-[4-(Dimethylamino)benzylidene]-3-methyl-1H-
pyrazol-5(4H)-one (M4): m.f. Ci3H;sN;O, m.p. 242-244 °C
(1it. 236-238 °C); Elemental analysis (Found) %: C, 68.01; H,
6.58; N, 18.35; 0, 6.97; FT-IR (KB, Vi, cm™): 3368.89 (N-H
str), 2988.43 (C-H arom. str:), 2849.87 (C-H aliph. str), 1679.41
(C=0 str.), 1588.68 (C=C str.); 'HNMR (CDCl;, § ppm): 1.92
(s, 3H, CH3), 3.81 (s, 6H, N(CHa),, 6.18 (s, 1H, benzylidene),
6.59-7.67 (m, 3H, Ar-H), 8.10 (s, 1H, NH); MS (m/z): 229 [M]*,
230 [M+H]".
4-(4-Chlorobenzylidene)-3-methyl-1H-pyrazol-5(4H)-
one (M5): m.f. C;;HsN>OCl, m.p. 210-212 °C; Elemental analysis
(Found) %: C, 59.77; H, 4.10; Cl, 16.05; N, 12.71; O, 7.21.
FT-IR (KBr, Vi, cm™): 3420.98 (N-H st1:), 2923.46 (C-H arom.
str.), 2859 (C-H aliph. str), 1690.00 (C=0 str.), 1587.08 (C=C
str.); "HNMR (CDCls, 8 ppm): 1.89 (s, 3H, CHs), 6.18 (s, 1H,
benzylidene), 6.35-7.41 (m, 4H, Ar-H), 8.11 (s, 1H, NH); MS
(m/z): 220 [M]*, 221 [M+H]".
4-(3,4-Dichlorobenzylidene)-3-methyl-1H-pyrazol-
5(4H)-one (M6): m.f. C;;HsN,OCl,, m.p. 220-222 °C; Elemental
analysis (Found) %: C, 51.60; H, 3.15; C1,27.82; N, 10.99; O,

HsC

C,HsOH ’T‘
—_—

3-Methyl-1H-pyrazol-5(4H)-one

alc NaOH R/Z\:\>~CHO

Substituted aldehydes

M8= 3,4-(OCH3)»
M9= 3,4,5-(OCH3)3

Scheme-I: Synthesis of 3-methyl pyrazol-5-one derivatives
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6.29. FT-IR (KBr, Vi, cm™): 3427.37(N-H str:), 3073.51 (C-H
arom. s7r:), 2926.09 (C-H aliph. str), 1609.41 (C=0 str:), 1519.88
(C=C str.), 1012.65 (C-Cl str); '"H NMR (CDCls, 8 ppm): 1.90
(s,3H, CHs3), 6.18 (s, 1H, benzylidene), 6.50-7.25 (m, 3H, Ar-H),
8.13 (s, 1H, NH); MS (m/z): 255 [M]*, 257 [M+H]".

4-(4-Nitrobenzylidene)-3-methyl-1H-pyrazol-5(4H)-
one (M7): m.f. C;;HsN3O;3, m.p. 182-184 °C; Elemental analysis
(Found) %: C, 57.19; H, 3.90; N, 18.12; O, 20.70. FT-IR (KBr,
Vimaxs €m™): 3453.37(N-H str.), 2998.02 (C-H arom. str.),
2826.09 (C-H aliph. str), 1615.58 (C=0 str), 1575.45 (C=C
str), 1428.73 (N-O assym. str:), 1227.48 (N-O sym. str:); 'HNMR
(CDCls, & ppm): 1.92 (s, 3H, CHs), 6.18 (s, 1H, benzylidene),
6.59-7.54 (m,4H, Ar-H), 8.11 (s, IH, NH); MS (m/z): 232 [M+H]".

4-(3,4-Dimethoxybenzylidene)-3-methyl-1H-pyrazol-
5(4H)-one (M8): m.f. C;3H14N>Os, m.p. 216-218 °C; Elemental
analysis (Found) %: C, 63.47; H, 5.71; N, 11.36; O, 19.47.
FT-IR (KB, Vinax, cm™): 3392.67 (N-H str.), 2960.87(C-H arom.
str), 2840.13 (C-H aliph. str.), 1656.06 (C=0 str.), 1622.66
(C=C str.); '"HNMR (CDCl, § ppm): 1.90 (s, 3H, CH3), 3.02 (s,
6H, (OCHs),, 6.17 (s, 1H, benzylidene), 6.46-7.48 (m, 3H, Ar-H),
8.09 (s, 1H, NH); MS (m/z): 202 [M]", 205 [M+H]".

3-Methyl-4-(3,4,5-trimethoxybenzylidene)-1H-pyrazol-
5(4H)-one (M9): m.f. C14H6N,O., m.p. 209-211 °C; Elemental
analysis (Found) %: C, 60.87; H, 5.82; N, 10.13; O, 23.17.
FT-IR (KB, Vinax, cm™): 3405.27(N-H st1:), 2909.04 (C-H arom.
str), 2836.77 (C-H aliph. str), 1667.70 (C=0 str.), 1597.94
(C=C str.); "HNMR (CDCl;, 8 ppm): 1.88 (s, 3H, CH3), 3.08
(s, 9H, (OCHys)s, 6.18 (s, 1H, benzylidene), 6.35-7.62 (m, 2H,
Ar-H), 8.08 (s, 1H, NH); MS (m/z): 206 [M+H]".

Molecular docking studies: 3-Methyl-4-substituted benzy-
lidene pyrazol-5-ones were previously reported to possess anti-
nociceptive activity. SAR revealed that presence of 4-hydroxy
(M2)/2,3-dimethoxy (M3)/4-dimethylamino groups (M4) on
benzylidene ring increase the potency of the parent structure
(M1) [14]. Molecular docking studies were performed to predict
affinities and binding modes of these derivatives towards few
nociceptive receptors (COX-2, P2X3, TRPV1 and glutamate).
The objective of the study was to identify the effect of substi-
tuent groups on binding affinity.

COX-2 Enzyme: COX-2, inducible form of cyclooxyge-
nase (COX) enzyme is a validated target for the development of
antiinflammatory and antinociceptive agents. COX-2 enzyme
contain large solvent accessible surface in the active site; amino
acids such as Val-523, Arg-513, Arg-120, Tyr-355 and Glu-
524 are situated around the active site.

Results of the molecular docking studies revealed that 2,3-
dimethoxy benzylidene derivative (M3) showed most favou-
rable interaction with AG of -7.79 kcal/mol whereas unsubsti-
tuted derivative (M1) showed poor interaction with AG of -7.37
kcal/mol indicating that methoxy substitution is favourable for
binding at the COX-2 enzyme. 4-Dimethylamino or 4-hydroxy
benzylidene derivatives (M2 and M4) showed AG of -7.59 kcal/
mol. Results were compared using celecoxib which showed
highest binding affinity with AG of -10.15 kcal/mol. Celecoxib
was found to establish hydrogen bonding with amino acid residue
Phe-504 and Arg-499. The pyrazolones were found to be located
at the loop region (Arg-499-Pro-514) and arylidene ring was
found to be embedded by amino acids such as Ala-327, Phe-42,

Val-339 and Val-332. Binding modes of the studied pyrazo-
lones were found to be similar to that of celecoxib and most
of them were found to interact with Phe-504 amino acid residue.
Pyrazolones possessing phenylurea or phenylthiourea, interact
with different amino acid residues (n-1 stacking of phenyl
ring with Trp-387 and Tyr-385) indicating that pyrazolones
affinity for COX-2 enzyme is influenced/effected with substi-
tution [27].

As the title compounds exhibited good binding affinity
towards the target enzyme, we have designed few more pyrazo-
lones by introducing different functional groups such as 4-Cl,
3,4-Cl,, 4-NO,, 3,4-(OCH3), and 3,4,5-(OCHj3); on benzylidene
ring (M5-M9) and performed molecular docking studies, to
study the importance of substitution on benzylidene ring.

Among methoxy containing derivatives, 3,4-dimethoxy
benzylidene derivative (M8) exhibited good binding affinity
(AG =-7.96 kcal/mol) indicated that position of methoxy groups
is critical for binding at the active site of receptor. 4-Chloro
and 3,4-dichloro substituted derivative and 4-nitro derivatives
(M5, M6 and M7) showed moderate interactions (AG =-7.56
and -7.57 kcal/mol) when compared to unsubstituted derivative
(M1) (AG =-7.37 kcal/mol), suggesting that presence of halogen
increases binding affinity. Binding mode of celecoxib and deriv-
ative M8 with COX-2 is shown in Fig. 1.

P2X3 receptors: The purinergic receptor P2X ligand-
gated ion channel 3 (P2X3) is highly expressed by nociceptive
sensory neurons and involved in pain processing and inflam-
mation. When ATP binds to P2X3 ion channel, it leads to an
increase in Ca** concentration ultimately membrane depolari-
zation. The development of ligands that selectively activate or
block specific P2X receptor subtypes represents a promising
strategy to develop new drugs for the treatment of pain, cancer,
inflammation and neurological diseases [28,29].

4-Hydroxy benzylidene derivative (M2) showed highest
binding interaction with -7.18 kcal/mol indicated that hydrogen
binding ability is favourable for the binding interaction which
is comparable to the standard drug ATP (-8.55 kcal/mol). Unsubsti-
tuted derivative (M1) showed poor interaction towards this
receptor (-6.77 kcal/mol), which was found to increase with
the presence of either electron releasing substituent groups or
electron withdrawing substituent groups on benzylidene ring
indicating that substituent groups on benzylidene ring favours
binding. Among the compounds, 3,4-dimethoxy (M8), 3,4-
trimethoxy derivative (M9) showed good binding affinity
(-6.97 and -6.99 kcal/mol) indicating the importance of methoxy
groups on benzylidene ring. Halogen bearing derivatives, 4-nitro
derivative and 4-dimethylamino derivatives exhibited moderate
interactions with the target receptor. Pyrazolones were found
to be located at the loop region (Leu249-Cys256) and most of the
compounds were able to establish hydrogen bonding with NH
of Asp-248 with oxygen atom present in the pyrazolone ring.
Binding mode of ATP and derivative M3 with P2X3 receptor
is shown in Fig. 2.

TRPV1 ion channel: TRPV lor vanilloid receptor 1 can
be activated by eicosanoids, capsaicin, protons and resinifera-
toxin [27]. It is expressed by primary afferent sensory neurons
of the pain pathway and plays pivotal role in nociception and
neurogenic inflammation [30-32]. Results of the molecular
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Fig. 1. (A) Predicted binding interactions of celecoxib (B) binding interactions of M8 in COX-2 active site

Fig. 2. (A) Predicted binding interactions of ATP (B) binding interactions of M3 in P2X3 receptor

docking study showed that 3,4-dimethoxy benzylidene derivative
(M8) has good interaction towards TRPV 1 receptor (-7.04 kcal/
mol) whereas standard inhibitor ATP displayed highest binding
interaction (-9.58 kcal/mol). When compared to 2,3-dimethoxy
derivative (-6.80 kcal/mol) and 3,4,5-trimethoxy derivative (6.76
kcal/mol), 3,4-dimethoxy derivative showed good interaction
and affinity for the receptor which reveals the importance of
position of methoxy groups. The results showed that the presence
of hydroxy group also increased the binding interactions (-6.95
kcal/mol) when compared to unsubstituted derivative (-6.57
kcal/mol).

In the best binding mode, ATP (Fig. 3) was found to establish
hydrogen bonding with Glu-293 and Lys-238 whereas pyrazo-
lones showed similar binding pose as that of ATP in the active
site of receptor. Compound M8 showed the highest binding
interaction, was found to interact with Lys-238 via hydrogen
bonding using pyrazolone carbonyl group.

Glutamate receptors: Metabotropic glutamate receptors
(mGluRs) are activated by L-glutamate and recent studies of
mGluRs have established glutamate receptors as promising
targets in the therapy of psychiatric and pain disorders.

Pyrazolones possessing piperidine or substituted piperidine
are patented for the mGluR agonistic activity [33-35]. Among
the title compounds, compounds M8 and M9 exhibited good
interactions with the glutamate receptor with AG values -7.99
and -8.01 kcal/mol, respectively. As indicated in Tables 1 and 2,
methoxy derivatives were found to be more favourable towards
all the studied receptors. Halogenated, nitro derivative, dimethyl-
amino derivative showed moderate binding interactions. 3,3’
Benzene-1,4-diylbis(4-cyano-5-ethylthiophene-2-carboxylic
acid (RN8), inbuilt ligand, was found to interact with Lys-151
and Lys-144 amino acid residues at the active site and binding
poses of pyrazolones indicated that their binding modes are
different from the standard ligand. Most of the derivatives were
found to establish hydrogen bonding with Asn-242 or Ser-108
(Fig. 4).

Molecular docking results (Tables 1 and 2) showed that 3-
methyl-4-substituted benzylidene pyrazol-5-ones showed good
binding affinity towards the selected targets. Unsubstituted
derivative (M1) showed poor binding affinity when compared
to various substituted benzylidene derivatives towards all the
studied receptors, suggesting that substitution either with
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Fig. 4. (A) Predicted binding interactions of RN8 (B) M9 interactions in glutamate receptor
TABLE-1
DOCKING SCORE AND DETAILS OF DOCKING RESULTS OBTAINED USING SWISS DOCK
S No R COX-2 Interacting P2X3 Interacting
T Energy (AG) Full fitness residues Energy (AG) Full fitness residues
Cel Arg-499 Lys-47
ATP - -9.12 -2238.98 Ph§—504 -8.55 1989.12 Lys-251
Asp-248
M1 H -7.37 -2254.55 - -6.77 -531.10 Asp-248
M2 4-OH -7.59 -2237.97 Phe-504 -7.18 -541.35 Asp-248
M3 2,3-(OCHa), -71.79 -2224.73 Phe-504 -6.65 -1506.13 Asp-248
M4 4-N(CH,), -7.59 -2254.04 Phe-504 -6.84 -1532.68 -
M5 4-C1 -7.56 -2254.18 Phe-504 -6.81 -1531.56 Asp-248
M6 3,4-(Cl), -1.57 -2249.96 Phe-504 -6.82 -1532.68 Asp-248
M7 NO, -1.57 -2238.91 - -6.69 -1522.58 -
M8 3,4-(OCH,), -7.96 -2223.89 Phe-504 -6.99 -1508.00 Asp-248

M9 3,4,5-(OCH,), -7.81 -2238.80 Phe-504 -6.94 -1519.01 Asp-248
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TABLE-2
DOCKING SCORE AND DETAILS OF DOCKING RESULTS OBTAINED USING SWISS DOCK
S. No R Trpvl Inteliacting Glutamate Inteliacting
o Energy (AG) Full fitness residues Energy (AG) Full fitness residues
RN8 - -8.01 -5032.40 Lys-238 -9.35 -1843.12 Lys-151
ATP Glu-293 Lys-144
M1 H -6.48 -1384.24 Tyr-246 -1.24 -1388.30 Asn-242
Ser-108
M2 4-OH 6.95 -1384.93 Glu-210, -7.39 -1390.36 Asn-242
Arg-211
M3 2,3-(OCH,), -6.81 -1385.56 Lys-236 -7.64 -1385.55 Ser-108
Pro-105
M4 4-N(CH,), -6.77 -1371.07 Glu-326 -7.62 -1376.11 Asn-242
Tle-92
M5 4-Cl -6.57 -1399.75 Tyr-246 -7.55 -1399.96 -
M6 3,4-(Cl), -6.81 -1361.33 Lys-238 -7.65 -1359.84 Asn-242
Tle-92
M7 NO, -6.64 -1386.10 - -7.60 -1388.50 Ser-108
M8 3,4-(OCH,), -7.12 -1371.72 Lys-238 -7.99 -1371.24 Asn-242
M9 3,4,5-(OCH,), -7.15 -1361.75 Lys-238 -8.01 -1361.68 Asn-242

Gly-219, 1le-92

electron withdrawing or donating groups is favourable for
binding with the receptors. It can also be observed that introd-
uction of 3,4-dimethoxy group is favourable to bind with COX-2
enzyme and glutamate receptors; presence of hydroxy group
or 3,4,5-trimethoxy substitution is favourable for binding with
P2X3 receptor. With respect to TRPV1 receptors, hydroxy or
3,4-dimethoxy functionalities favour receptor-ligand inter-
actions. Halogen containing derivatives showed moderate inter-
actions with all the targets.

Literature revealed that 3-methyl-4-substituted benzyli-
dene pyrazol-5-ones (M1-M4) showed good antiinflammatory
and antinociceptive activity in the carrageenann induced inflam-
matory model and tail flick, acetic acid induced writhing test,
respectively [14]. In view of good binding affinity of 3-methyl-
4-substituted benzylidene pyrazol-5-ones (M1-M9) with TRPV 1,
P2X3 and glutamate receptors, synthesis was carried out and
the compounds were screened for their antinociceptive activity
in capsaicin, glutamate and ATP-induced nociception models.

Prediction of molecular and ADME descriptors: Mole-
cular descriptors are associated with oral bioavailability, if mole-
cules obey the "Lipinski rule", it can be predicted that their
oral bioavailability will be good (log p < 5, molecular weight
<500, hydrogen bond acceptors < 10 and hydrogen bond donors
<5). Predicted values (Table-3) indicated that all the derivatives
(M1-M9) have obeyed the Lipinski rules of five, suggested that
they might have good oral bioavailability (Table-4).

Chemical induced nociception models: The antinocice-
ptive activity of 3-methyl-4-substituted benzylidene pyrazol-
5-ones (M1-M9) was assessed using chemical induced nociception
models such capsaicin, glutamate and ATP-induced nociception
models at a dose of 150 mg/kg body weight by administering
orally. Aspirin was used as standard drug at a dose of 100 mg/
kg body weight which was administered orally.

Capsaicin induced nociception: In this model, 3,4-
dichloro benzylidene derivative (M6) displayed highest activity
by significantly inhibiting nociceptive behaviour produced by
intraplantar injection of capsaicin when compared to the control.
Unsubstituted (M1) and 4-dimethylamino benzylidene derivative
(M4) exhibited moderate activity (Fig. 5). Compounds M6,
M1 and M4 showed good binding affinity for TRPV 1 receptors
(-6.81,-7.04 and -6.85 kcal/mol). The activity of title compounds
in this model indicates their possible involvement with vanilloid
receptor antagonism. Results indicate that 3-methyl-4-substituted
benzylidene pyrazol-5-one possessing chlorine at 3rd and 4th
positions was able to produce significant antinociception prob-
ably by interacting with TRPV 1 receptor. 4-Hydroxy benzyl-
idene derivative (M2) showed good binding affinity for TRPV 1
receptor (-6.95 kcal/mol) but it was unable to show any signifi-
cant activity in this model. Mariappan et al. [14,15] reported
good antinociceptive activity of dimethylamino derivative in
tail flick method and carrageenann-induced paw edema tests.
The results of present study indicate that this derivative can

TABLE-3
MOLINSPIRATION PROPERTIES OF 3-METHYL-4-SUBSTITUTED BENZYLIDENE PYRAZOL-5-ONES
Compd. R Milog P TPSA m.w. nON nOHNH n viol n rot m.vol ABS (%)
M1 H 1.51 45.75 186.21 3 1 0 1 171.83 93.21
M2 4-OH 1.03 65.98 202.21 4 2 0 1 179.84 86.23
M3 2,3-(OCH;), 1.33 64.22 246.27 5 1 0 3 222.92 86.84
M4 4-N(CHys), 1.61 48.99 229.28 4 1 0 2 217.73 92.09
Ms5 4-Cl 2.19 45.75 220.66 3 1 0 1 185.36 93.21
Mo 3,4-(CD), 2.80 45.75 255.10 3 1 0 1 198.90 93.21
M7 NO, 1.47 91.58 231.21 6 1 0 2 195.16 77.40
M8 3,4-(OCHs), 1.16 64.22 246.27 5 1 0 3 222.92 86.84
M9 3,4,5-(OCHy), 1.14 73.46 276.29 6 1 0 4 248.46 83.65

Milog P- (Lipophilicity); TPSA- (Topological Surface Area); m.w. - (Molecular Weight); ON - (Sum of Hydrogen Bond Receptors); OHNH -
(Sum of Hydrogen Bond Donors); n viol(Number of Violations); n rot- (Number of Rotatable Bonds); m.vol -molecular volume.
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TABLE-4
ADME PROPERTIES OF 3-METHYL-4-SUBSTITUTED BENZYLIDENE PYRAZOL-5-ONES
Compd. R BBB CaCo2 HIA MDCK PPB SKIN
M1 H 0.84 20.94 95.49 227.93 70.74 -3.1
M2 4-OH 0.43 21.11 91.48 18.94 73.43 -4.2
M3 2,3-(0OCH;), 0.61 10.84 95.75 70.15 51.64 -39
M4 4-N(CHy), 0.88 23.26 95.71 161.35 67.41 -3.5
M5 4-Cl 0.94 20.99 95.73 265.47 97.88 -3.2
M6 3,4-(Cl), 0.89 12.32 96.00 192.48 100.00 -3.3
M7 NO, 0.27 8.97 85.41 11.27 78.46 -3.7
M8 3,4-(OCHa), 0.61 23.87 95.75 127.43 53.02 -3.9
M9 3,4,5-(0CH,), 0.47 2642 95.42 144.54 47.30 -4.0

BBB-(Blood Brain Barrier Penetration); CaCo2- (CaCo2 Cell Permeability); HIA-(Human Intestinal Absorption); MDCK-(Maden Darby Canine
Kidney cell permeability); PPB- (Plasma Protein Binding); SKIN- (Skin Permeability)
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Fig. 5. Antinociceptive effects of title compounds in capsaicin induced
nociception model [All values were expressed as Mean = SD
consisting of six animals; *p < 0.05 compared to control group]

interact with TRPV1 receptors and produce antinociceptive
effect.

ATP induced nociception: ATP and its agonists o,3-methy-
lene ATP and 2-methylthio ATP stimulate sensory neurons and
known to participate in nociceptive processing [23]. Pain is
elicited when ATP is injected via intraplantar route in experi-
mental animals, which can be observed in the form of lifting
and licking of the injected paw. ATP undergoes degradation
by ATP-endonucleotidase enzyme in the in vivo experimental
conditions and hence nociception can be clearly observed
within 10 min after intraplantar injection of ATP [36].

In control animals ATP induced nocifensive behavior was
clearly observed for10 min after intraplantar injection of ATP.
Results showed that except few compounds (M2, M3, M5 and
MG6) were unable to exert any significant activity in this test
(Fig. 6). 3,4-Dichloro benzylidene derivative (M6), signifi-
cantly reduced flinching behaviour induced by ATP suggesting
its ability and potency to inhibit the action of ATP. The results
suggest that M3, M2 and M8 were able to inhibit the action of
ATP. Previous studies [14] have shown that the derivatives
possessing chlorine atom or nitro group at 4th position of
benzylidene ring displayed good antinociceptive activity in
tail flick method, suggested that they are active at the central
levels. In present study, these compounds exhibited promising
antinociceptive activity in ATP induced model.

Glutamate induced paw licking test: The results (Fig. 7)
showed that 3,4,5-trimethoxy benzylidene derivative (M9) signi-
ficantly reduced licking behaviour at p < 0.05, compared to the
control group. Aspirin also caused significant inhibition (p <
0.05). 4-Hydroxy, 2,3-dimethoxy and 3,4-dimethoxy benzy-
lidene deriv-atives (M2, M3 and M8) displayed good activity
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Fig. 6. Antinociceptive effects of title compounds in ATP-induced nocicep-
tion model [All values were expressed as Mean + SD consisting of
six animals; *p < 0.05 compared to control group]
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Fig. 7. Antinociceptive effects of title compounds in glutamate-induced
nociception model [All values were expressed as Mean + SD
consisting of six animals; *p < 0.05 compared to control group]

when compared to unsubstituted derivative (M1). Intraplantar
injection of glutamate induces peripheral, spinal and supra spinal
level nocice-ption by acting on N-methyl-D-aspartate (NMDA)
kainate and metabotropic receptors and by NO release [24].
The antinociceptive activity induced by the synthesized comp-
ounds in this test might be due to their ability to inhibit any one
or more factors. The present study strongly suggests that the
antinociceptive activity induced by pyrazolones in glutamate
test might be due to their interaction with glutaminergic system
or ability to inhibit NO production. The most active derivative
(MD9) showed highest binding affinity (-7.15 kcal/mol) for gluta-
mate receptor, which is comparable to the reference ligand, RN§
(-8.01 kcal/mol). Compounds M2, M3 and M8 have binding
affinities -6.95, 6.76 and -7.02 kcal/mol, respectively suggested
that there is a correlation between molecular docking studies
and obtained in vivo results in this test.

In summary, the present results showed that derivative
bearing chlorine atom at both 3rd and 4th positions (M3), elic-
ited antinociception when assessed against both capsaicin and
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ATP induced neurogenic pain, whereas 3,4,5-trimethoxy benzy-
lidene derivative displayed highest activity in the glutamate
induced paw licking test. 3,4-Dichloro benzylidene derivative
was found to be moderately active in glutamate induced nociception.

The results also suggest that presence of chlorine atom is
favourable for peripheral antinociceptive activity (capsaicin
and ATP induced nociception models), whereas introduction
of methoxy group at 3rd and 4th positions or 3rd, 4th and 5th
positions was found to favour antinociceptive activity at the
central level.

Conclusion

Considering the marked antinociceptive and antiinflam-
matory activities of 3-methyl-4-substituted benzylidene pyrazol-
5-ones, nine derivatives (M1-M9) were synthesized and their
antinociceptive activities were evaluated by employing capsaicin,
ATP and glutamate induced nociception models. Molecular
docking studies on 3-methyl-4-substituted benzylidene pyrazol-
5-ones demonstrated that these compounds have good binding
affinity for the targets pertaining to antinociception (COX-2,
TRPV1, P2X3 and glutamate). Pyrazolone moiety, benzylidene
ring and substituent groups (electron withdrawing/releasing)
are important determinants for binding with the receptors.
Compounds M6 (3,4-dichlro) and M8 (3,4-dimethoxy) displayed
good antinociceptive activity in TRPV1 and ATP induced
nociception models whereas, compound M9 (3,4,5-trimethoxy)
exhibited promising activity in glutamate-induced nociception.
The results might be useful to design and develop pyrazolones
as potential antinociceptive agents.
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