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Abstract

Due to unavailability of a specific drug/vaccine to attenuate severe acute re-

spiratory syndrome coronavirus 2, the current strategy to combat the infection

has been largely dependent upon the use of anti‐inflammatory drugs to control

cytokines storm responsible for respiratory depression. Thus, in this study, we

discovered novel pyrazole analogs as a potent nuclear factor kappa B (NF‐ĸB)
inhibitor. The compounds were assessed for NF‐ĸB transcriptional inhibitory

activity in RAW264.7 cells after stimulation with lipopolysaccharides (LPS),

revealing Compound 6c as the most potent analog among the tested series. The

effect of Compound 6c was further investigated on the levels of interleukin‐1β,
tumor necrosis factor‐α, and interleukin‐6 in LPS‐stimulated RAW267.4 cells by

enzyme immunoassay, where it causes a significant reduction in the level of

these cytokines. In Western blot analysis, Compound 6c also causes the in-

hibition of inhibitor kappa B‐α and NF‐κB. It was found to be snugly fitted into

the inner grove of the active site of NF‐ĸB by forming H‐bonds and a nonbonded

interaction with Asn28 in a docking analysis.
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1 | INTRODUCTION

The whole world is facing a severe unprecedented problem

due to outbreak of coronavirus disease (COVID‐19) caused by a

positive‐sense RNA virus. It is clinically termed as severe acute

respiratory syndrome coronavirus 2 (SARS‐CoV‐2) and con-

sidered as an epidemic.[1,2] Till now, it has spread to more than

215 countries/territories, affected more than 10 million people,

and responsible for death of more than 500,000 since it was first

reported in late December 2019 in the Wuhan, China. Concerning

the seriousness of situation and spreadability, on January 31,

2020, it was acknowledged as public health crisis for all the

countries by World Health Organization.[3–5] Many of

the people affected by the virus do not have serious clinical

complications at an early stage of infection. However, some in-

dividuals report fever, cough or chest tightness, dysopnoea and,

in some cases, mild/severe illness. Moreover, the patient sud-

denly progresses to the late stage of the infection, observing

acute respiratory distress syndrome and multiple‐organ
failure, which result in death within a short time. Amassing

confirmations propose that cytokine storm is the main reason

underlying the severity and morbidity in COVID‐19 patients,

where immune cells were found highly active with production of

massive inflammatory cytokines and chemical mediators.[6–9]

SARS‐CoV‐2 after entering respiratory epithelial cells

shows formation of a hyaline membrane and an increased in-

filtration of inflammatory cells with multinucleated syncytial

cells.[10–12]
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Studies have found an aberrant activation of nuclear factor

kappa B (NF‐ĸB) in inflammatory responses of SARS‐CoV‐2 infec-

tions.[13] It has a noteworthy part within the framework of immune

system by acting as a key mediator of proinflammatory gene induc-

tion and facilitating cells belonging to both innate and adaptive im-

mune system. It corresponds to the family of inducible transcription

factors, which manages various genes that have been implicated in

diverse processes of the immune and inflammatory responses. It was

further subdivided into five fundamentally related individuals, for

instance, NF‐κB1 (or p50), NF‐κB2 (or p52), RelA (or p65), RelB, and

c‐Rel, which induce transcription of intended genes by combining

with a specific DNA facet.[14–17] The enactment of NF‐κB may well be

conceivable by the inclusion of two particular pathways, such as ca-

nonical and noncanonical (or another) pathways. Despite their con-

trasts in the signaling instrument, these both are considered vital for

modulating immune and inflammatory responses.[18] The canonical

NF‐κB pathway could be activated by cytokines, growth factors,

mitogens, microbial, and stress agents. Initially, it can be started by

the inducible degradation of inhibitor kappa B‐α (IκBα) stimulated by

phosphorylation of a multisubunit IκB kinase (IKK) complex in a site‐
specific manner. The IKK is further subdivided into two catalytic

subunits, IKK‐α and IKK‐β, and NF‐κB essential modulator or IKK‐γ, a
regulatory subunit. Studies have shown that IKK could be easily ac-

tivated by the action of mitogens, growth factors, stress agent cyto-

kines, and microbial components.[19] Upon activation, the p50/RelA

and p50/c‐Rel dimers (canonical NF‐κB member) get translocated

from cytoplasm to nucleus through the phosphorylation of IκBα at

two N‐terminal serines, which is further ubiquitously degraded in

proteosome.

However, the noncanonical NF‐κB pathway is selectively stimu-

lated to a certain cluster of inducers, such as ligands belonging to

tumor necrosis factor (TNF) receptor superfamily members, for ex-

ample, CD40, BAFFR, RANK, and LTβR.[16,20] Unlike the canonical

pathway, it is not dependent on IκBα, but it may be dependent upon

handling of the NF‐κB2 forerunner protein (p100). Research has

demonstrated the role of the canonical NF‐κB pathway in nearly all

areas of the immune response, whereas the noncanonical NF‐κB
pathway seems to be emerging as an external signaling axis operating

together with the canonical NF‐κB pathway to control the basic

functions of the adaptive immune system.[21–23] There is currently no

effective antiviral agent available to treat SARS‐CoV‐2 infection.

Much attention is, therefore, focused on the regulation of cytokine

storm and inflammatory reactions in SARS‐CoV‐2 infections, such as

selective inhibition of NF‐ĸB.
The current medicinal chemistry has been largely dependent on

the heterocyclic compounds to develop newer drugs/agents due to

ease of generating chemical diversity based on pharmacological or

toxicological studies.[24] Pyrazole, a nitrogen‐containing heterocyclic

molecule, is found to possess numerous pharmacological activ-

ities.[25,26] It is also found in commercially successful drugs, such as

celecoxib (anti‐inflammatory), rimonabant (antiobesity), fomepizole

(alcohol dehydrogenase inhibitor), and sildenafil (to improve erectile

dysfunction). [26–28] Various recent studies have shown pyrazole as a

potent inhibitor of NF‐ĸB.[29] Moreover, we have also discovered

some derivatives of pyrazoles as potent antibacterial [30] and anti‐
HIV‐1 agents.[31,32] Therefore, in the present study, in continuation of

our research activity on the development of small molecule in-

hibitors,[33–35] we intend to develop a novel series of pyrazole as a

novel NF‐ĸB inhibitor for possible benefit in SARS‐CoV‐2 infection.

2 | MATERIALS AND METHODS

2.1 | Chemistry

The synthesis of designed analogs has been achieved according to

previously reported procedures.[36,37] The detailed procedure for

synthesis, along with analytical spectroscopic data, has been pro-

vided in Supporting Information associated with the manuscript.

2.2 | Pharmacological activity

2.2.1 | NF‐ĸB transcriptional activity

The RAW264.7 macrophages (ATCC) were cultured in Dulbecco's

modified Eagle's medium supplemented with 10% of FBS, 100 µg/ml

of streptomycin, and 100 U/ml of penicillin in 5% CO2 at 37°C. After

attaining 80% confluency, the cells were transfected with 1 µg of the

NF‐ĸB reporter construct, alongside 0.5 µg of pSVGal plasmid, using

Lipofect‐AMINE 2000 (Invitrogen) in Opti‐MEM medium (Gibco) and

kept aside for 24 h. After transfection, the cells were treated with

lipopolysaccharide (LPS) or dexamethasone (dex) and Compounds

6(a–g) (10 µM) for an additional 2 h. The reporter lysis buffer (Pro-

mega) was used for lysing the cells. Also, 20 µl of cell extract and

100 µl of luciferin substrate (Promega) were used for the luciferase

assay. The luciferase action was calculated using a Dual‐Luciferase
Reporter Assay System (Promega) as per the instruction provided by

manufacturer. The data are normalized for transfection effectiveness

by separating firefly luciferase action with that of Renilla luciferase.

2.2.2 | TNF‐α, interleukin‐1β, and interleukin‐6
assays

RAW264.7 cells (5 × 105 cells/ml) after incubation for 16 h were

pretreated with Compound 6c (10, 20, and 50 μM) for 1 h, followed

by stimulation by LPS (1 μg/ml). The enzyme‐linked immunosorbent

assay was performed to quantify the level of cytokines using super-

natant obtained from the cell culture after 20 h of LPS stimulation.

2.2.3 | Preparation of nuclear extracts

RAW264.7 cells were incubated for 10min on ice after treating with

lysis buffer. The resulting solution was centrifuged at 15,000g for 5min
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at 4°C, and the resulting pellet having raw nuclei was further suspended

in extraction buffer (50 μl) and then incubated for further 30min at 4°C

on a shaker. The nuclear extract was obtained (supernatant) after

centrifuging the above mixture for 10min at 16,000g.

2.2.4 | Western blot analysis

RAW264.7 cells after incubation with Compound 6c for 2 h were

stimulated for 6 h with LPS (1 μg/ml). The cells than lysed with lysis

buffer and allowed to centrifuge for 5min at 12,000g. The resulting

supernatant was obtained as total protein and the concentration was

calculated using a protein assay kit. Furthermore, 10% sodium do-

decyl sulfate–polyacrylamide gel electrophoresis was used to sepa-

rate protein samples, which were further transferred on a

polyvinylidene fluoride membrane (Millipore). To block the mem-

brane in TBST, 5% skimmed milk was used. The resulting membrane

was then treated with primary antibody (1:1000) and with respective

secondary antibodies (1:5000; Cell Signaling Technology). The ex-

pressions of biomarkers were observed by enhanced chemilumines-

cence (Thermo Fischer Scientific Inc.) kit and ImageJ software was

used to analyze the bands. Moreover, for determination of various

biomarkers, the membrane was exposed using stripping buffer for

15min on a shaker. The membrane was then washed with TBST and

once more blocked with skimmed milk (5%) in TBST buffer. The

membrane was then blotted with primary antibody (1:1000) and with

respective secondary antibodies (1:5000).

2.2.5 | Molecular docking analysis

The docking study of the most active Compound 6c was conducted

using the CDOCKER protocol inbuilt in Discovery Studio 3.0 (DS 3.0;

Dassault Systèmes BIOVIA, Discovery Studio Modeling Environment,

Release 2018, San Diego, USA: Dassault Systèmes, 2016) with X‐ray
crystal structure of human A2A adenosine receptor cocrystallized with

ligand ZM241385 at 2.6 Å resolution (PDB: 3EML). The protein model

was downloaded from protein data bank. The binding pocket of human

A2A adenosine receptor was defined using the inbuilt pdb coordinates of

the three‐dimensional (3D) structure. The water molecule and cocrys-

tallized ligand were later removed, and the lost atom such as hydrogen

SCHEME 1 The synthesis of target molecules. Reagent and conditions: (i) (CH3)2SO4, DMF, 60°C, 3 h; (ii) NaOH, stirred; (iii) HCl, stirred, (iv)
SO2Cl2, reflux, 4 h; (v) methylene dichloride, triethylamine, room temperature, 8–9 h

TABLE 1 Effect of pyrazole derivative 6(a−g) on NF‐ĸB
transcriptional activity in LPS‐stimulated RAW264.7 cellsa

Compound R Relative NF‐ĸB activity (NF‐ĸB/TK, fold)

6a 4‐Cl 2.12 ± 0.45#

6b 4‐Br 2.78 ± 0.53#

6c 4‐F 1.37 ± 0.12#

6d 4‐CH3 4.05 ± 0.37#

6e 4‐NO2 3.30 ± 0.65#

6f 4‐OH 4.87 ± 1.02#

6g 4‐OCH3 5.05 ± 1.31#

Dex (std) 1.20 ± 0.15#

Control 0.54 ± 0.05

LPS 5.32 ± 0.56**

Abbreviations: LPS, lipopolysaccharide; NF‐ĸB, nuclear factor kappa B.
aN = 3.
#p < .01 versus LPS.

**p < .01 versus control.
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was added to construct an initial receptor structure for docking. The

docking was performed using the default parameters of the CDOCKER

protocol. The receptor−ligand pose was visualized by the script feature

of the DS 3.0 in both 2D and 3D formats.

3 | RESULT AND DISCUSSION

3.1 | Synthesis

The target derivatives were synthesized in excellent yield as

outlined in Scheme 1. Initially, the synthesis was started with

N‐methylation of ethyl 3‐methyl‐1H‐pyrazole‐4‐carboxylate (1)

to afford ethyl 1,3‐dimethyl‐1H‐pyrazole‐4‐carboxylate (2). The

compound 2 was further proceed to ester hydrolysis under NaOH

medium, and then by acidified with HCl to furnish Compound 3

(1,3‐dimethyl‐1H‐pyrazole‐4‐carboxylic acid). The chlorination of

Compound 3 with the help of SO2Cl2 afford 1,3‐dimethyl‐1H‐
pyrazole‐4‐carbonyl chloride (4). The target product 6(a–g) was

obtained by refluxing Compound 4 with the corresponding

4‐substituted phenyl piperazine derivatives 5(a–g) using tri‐
ethylamine and methylene dichloride as solvent. The structures

of Compounds 6(a–g) was ascertained using Fourier‐transform
infrared (FT‐IR), 1H nuclear magnetic resonance (NMR), 13C

NMR, elemental and mass analysis. The Compound 6f showed

FT‐IR stretching vibration at 3429 cm−1 which corresponds to the

aromatic OH group. Another peak at 3098–3089 cm−1 suggested

presence of aromatic C–H group linked to piperazine ring. The

absorption band appeared at 2959–2959 cm−1 confirms stretch-

ing vibration related to C–H of methyl group linked to pyrazole

ring. An additional peak at 1282 cm−1 appears due to aromatic

OCH3 group. The FT‐IR peak at 1719–1715 cm−1 showed

stretching vibrations of C═O group. Absorption band at

1689–1682 cm−1 corresponds to C═N group of pyrazole ring.

Furthermore, the absorption band found at 1398–1391 cm−1 and

1076–1063 cm−1corresponds to of N–N of pyrazole ring and the

C–N stretching vibrations, respectively. The NO2 linked to aro-

matic phenyl appears at 1536 cm−1. The stretching vibration

1154 cm−1 suggested presence of aromatic fluoro group attached

to piperazine ring. The presence of aromatic OH has been con-

firmed by a singlet peak at 9.42 ppm in entire title Compound

6(a–g) in 1H NMR. The proton in the pyrazole ring showed as

singlet at 8.72–8.71 due to presence of C–H group. Furthermore,

the resonance at 8.01–6.96 ppm corresponds to C–H proton of

aromatic ring as doublet, whereas one more proton in the phenyl

ring appeared as doublet at 7.14–6.69 ppm. The aliphatic CH2

proton appears at 3.64–3.10 ppm due to piperazine ring as mul-

tiplet. In addition, the singlet found at 3.69–3.67 ppm suggested

the presence of CH3 group linked to pyrazole ring. The proton in

the OCH3 group appeared as singlet as 2.34–2.31 ppm. In 13C

NMR, the pyrazole ring carbon atom peaks appears at

146.9–112.4 ppm. The carbon of methyl group substituted at

F IGURE 1 Effect of Compound 6(a−g) on the relative nuclear

factor kappa B (NF‐ĸB) transcription activity in lipopolysaccharide
(LPS)‐stimulated RAW264.7 cells. Results are the mean ± SD of three
separate experiments. **p < .01 is significant as compared with
control‐treated group; #p < .01 is significant as compared with LPS

alone

F IGURE 2 Effect of Compound 6c on the level of various proinflammatory cytokines in the RAW264.7 cells, where (A) tumor necrosis

factor‐α (TNF‐α), (B) interleukin‐1β (IL‐1β), and (C) interleukin‐6 (IL‐6). Results are the mean ± SD of three separate experiments. ##p < .01 is
significant as compared with the control‐treated group; **p < .01 is significant as compared with lipopolysaccharide (LPS) alone
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pyrazole ring appeared at 40.1–13.4 ppm. Furthermore, the resonance

peak appeared at 168.2 ppm corresponds to the carbon atom of carbonyl

group. In addition, the resonance at 53.3–49.2 ppm attributed to the

carbon of CH2 of piperazine ring. Furthermore, the resonance at

149.5–114.3 ppm showed the presence of carbon of phenyl ring linked to

piperazine ring. Finally, the mass spectroscopy and elemental analysis title

Compounds 6(a–g) corresponds to the structure of title compounds

(Scheme 1).

3.2 | NF‐ĸB inhibitory activity

In this study, a diverse series of novel pyrazoles was devised and

synthesized, as shown in Scheme 1, toward finding a potent

NF‐ĸB inhibitor. The comparative inhibitory activity of target com-

pounds is shown in Table 1. As presented in Table 1, Compound 6a

containing p‐chloro showed a considerable inhibition of NF‐ĸB tran-

scription activity in LPS‐stimulated RAW264.7 cells. The inhibitory

activity was declined considerably in the case of Compound 6b.

The inhibitory potency was found highest among the tested series in

F IGURE 3 Effect of Compound 6c on nuclear factor kappa B (NF‐ĸB) signaling cascade in lipopolysaccharide (LPS)‐stimulated RAW264.7
cells by Western blot analysis, where (A) representative blots of p‐IκBα (membrane was stripped and reprobed) and NF‐ĸB, and corresponding

bar graph of (B) p‐IκBα and (C) NF‐ĸB. (D) Effect of Compound 6c in a diverse concentration on LPS‐induced promoter activity of NF‐κB in
RAW264.7 cells. Results are the mean ± SD of three separate experiments. ##p < .01 is significant as compared with the control‐treated group;
**p < .01 is significant as compared with LPS alone. IκBα, inhibitor kappa B‐α

F IGURE 4 Orientation of Compound 6c in the active site

(denoted by sphere in red) of nuclear factor kappa B (NF‐ĸB;
pdb: 1nfk)

MASIH ET AL. | 5 of 9



the case of Compound 6c. Upon replacement of fluoro with methyl

(6d), the inhibitory potency was reduced significantly. However, with

the insertion of the p‐nitro group in the place of p‐methyl (6e), the

activity was improved moderately. The activity was further observed to

be reduced in the case of Compounds 6f and 6g containing p‐hydroxy
and p‐methoxy group, respectively. Moreover, none of the compounds

showed a potent activity as compared with dexamethasone as a

standard drug (Dex). As confirmed by the comparative effect of target

derivatives (Figure 1), the structure–activity relationship studies sug-

gested that compounds displayed a moderate‐to‐momentous inhibition

of NF‐ĸB transcription activity. On the basis of inhibitory potency,

electron‐withdrawing substituted derivatives displayed a significant

inhibitory activity than their electron‐donating counterparts.

3.3 | Effect on proinflammatory cytokines

Considering the importance of various proinflammatory cyto-

kines in SARS‐CoV‐2 infections,[38,39] a enzyme immunoassay was

conducted to investigate the inhibitory effect of most potent

NF‐ĸB inhibitor (Compound 6c) on the levels of interleukin‐1β,
TNF‐α, and interleukin‐6 in LPS‐stimulated RAW267.4 cells. As

shown in Figure 2, LPS causes an increase in the concentration of

studied cytokines in the culture supernatants of RAW264.7 cells

in comparison to the control group. However, the level of the

proinflammatory cytokines was found to be reduced significantly

in a dose‐dependent manner, with highest activity in the case of

50‐µM concentration in the 6c‐treated group.

F IGURE 5 Docked orientation of Compound 6c in the active site of nuclear factor kappa B (NF‐ĸB) depicting interactions (A) three‐
dimensional (3D) view and (B) 2D view with the neighboring residue (pdb: 1nfk)
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3.4 | Effect of Compound 6c on the upstream
mediators of the NF‐ĸB signaling pathway

Various studies have implicated the role of NF‐ĸB signaling cas-

cade in the generation of various inflammatory cytokines in the

LPS‐stimulated macrophages.[40,41] Therefore, in this part of the

study, we specifically investigate whether Compound 6c could be

competent enough to inhibit the activation of NF‐ĸB signaling

cascade and its upstream modulators, such as IκBα, by Western

blot analysis. IκBα acts as a positive regulator to promote the

activation of NF‐ĸB signaling cascade after phosphorylation of

IκB. As shown in Figure 3A,B, Compound 6c causes a dose‐
dependent inhibition of p‐IκBα in the cytosol as compared with

the LPS group. The nuclear translocation of NF‐κB is a critical

step for the release of inflammatory cytokines; therefore, in this

part, we intend to determine the effect of Compound 6c on the

nuclear translocation of NF‐κB using nuclear extracts of LPS‐
stimulated RAW264.7 macrophages. As shown in Figure 3A,B, the

F IGURE 6 A prospective mechanism of Compound 6c as an anti‐inflammatory agent. IKK, IκB kinase; IL‐1β, interleukin‐1β; IL‐6, interleukin‐
6; IκBα, inhibitor kappa B‐α; LPS, lipopolysaccharide; NF‐ĸB, nuclear factor kappa B; SARS‐CoV‐2, severe acute respiratory syndrome
coronavirus 2
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expression of NF‐κB in the nucleus was found to be increased in

the LPS group, as compared with control. Moreover, as expected,

Compound 6c causes a concentration‐dependent inhibition of

LPS‐induced nuclear translocation of NF‐κB. The observation was

further found to be in accordance with the potent NF‐κB in-

hibitory activity of Compound 6c, as shown in Figure 1. Results of

the study suggested that Compound 6c causes the inhibition of

release of various proinflammatory cytokines, possibly due to the

inhibition of NF‐κB activity.

3.5 | Molecular docking analysis

As presented in Figure 4, Compound 6c was found to be deeply

engulfed in the active site (as shown as red sphere) of the NF‐ĸB
protein model. Moreover, on close inspection, it was found

that Compound 6c efficiently interacted with neighboring re-

sidues via making various interatomic contacts. Compound 6c

formed one H‐bond with Lys145 (Chain B) through a carbonyl

oxygen atom. It also formed one π–cation interaction between

phenyl linked to piperazine and Lys145 (Chain A). It was also

observed to interact with Cys59, Thr153, Lys144, His141, and

Tyr57 of Chain B in Figure 5. The results were further found in

agreement with previous studies where potent NF‐ĸB inhibitors

interacted in a similar fashion.[42] On the basis of above studies, it

is concluded that Compound 6c can attenuate inflammatory

cascade via inhibiting number of mediators, as depicted in

Figure 6.

Collectively, in our present study, we have showed the devel-

opment of novel pyrazole derivatives as a potent anti‐inflammatory

agent by inhibiting NF‐ĸB activation in LPS‐stimulated RAW264.7

cells. Results showed Compound 6c as the most potent inhibitor of

NF‐ĸB transcription activity, which causes a significant inhibition of

various proinflammtory cytokines, and a positive regulator of NF‐ĸB
activation (IĸBα). Thus, Compound 6c could be suggested as a po-

tential lead for therapeutic application in controlling the in-

flammatory response in SARS‐CoV‐2 infection.
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