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Abstract Background: Pyrazolopyrimidine heterocycle and its isosteres represent the main

scaffold for many pharmacologically active drugs including anti-inflammatory agents. The COX-

2 inhibitors are the principal gate for the design of new safe and potent anti-inflammatory agents.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.arabjc.2022.104015&domain=pdf
mailto:mhmdgwd@ju.edu.sa
mailto:maabourehab@uqu.edu.sa
https://doi.org/10.1016/j.arabjc.2022.104015
http://www.sciencedirect.com/science/journal/18785352
https://doi.org/10.1016/j.arabjc.2022.104015
http://creativecommons.org/licenses/by-nc-nd/4.0/


2 M.A. Abdelgawad et al.
Cyclooxygenase;

Pro-inflammatory cytokines;

TNF-a
Methods: Novel derivatives of pyrazolo[1,5-a] pyrimidines were synthesized and screened in vivo

and in vitro for their anti-inflammatory potential.

Results: Within the constructed compounds, compound 11 was the most active compound on

IL-6 and TNF-a (percentage inhibition = 80 and 89%, respectively). In addition, compound 12 dis-

played the most inhibitory effect towards COX-2 (IC50 = 1.11 mM), whereas compound 11

recorded the highest COX-2 selectivity (S.I = 8.97). The target derivatives 11–14 displayed good

edema inhibitory potential (46–68%) and compound 11 was the most potent candidate (ED50 =

35 mg/kg). Additionally, the most potent sPLA2-V inhibitors were compounds 11 and

13 (IC50 = 1 and 1.7 mM respectively). Regarding activity towards 15-LOX, derivative 12 was

the most active compound with IC50 = 5.6 mM revealing higher inhibitory activity than

nor-dihydroguaiaretic acid (IC50 = 8.5 mM). To confirm the anti-inflammatory potential of the

target derivatives, molecular modeling was performed inside COX-2 and 15-LOX active sites.

Conclusion: Display discoveries increment the plausibility that these pyrazolo[1,5-a]pyrimidines

might act as a beginning point for the improvement of anti-inflammatory agents.

� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Arachidonic acid and its metabolites have sparked the interest of many

researchers because of their role in inflammation (Wang et al., 2019).

The main targets for novel anti-inflammatory agents design involve

inhibiting the essential enzymes included in the metabolism of arachi-

donic acid as cyclooxygenase (COX) (Tratrat et al., 2021), phospholi-

pase A2 (sPLA2) (Meyer et al., 2005), lipoxygenase (LOX) (Meng

et al., 2015) and pro-inflammatory cytokines (Arshad et al., 2017).

Pro-inflammatory cytokines are produced by activated macro-

phages which included within pathogenesis and favoring inflammation

and autoimmune disorders (Tedgui and Mallat, 2006; Chaudhry et al.,

2013). Interleukin-6 (IL-6) and tumor necrosis factor-a (TNF-a) are
essential pro-inflammatory cytokines implicated in many disorders as

osteoarthritis, endotoxemia, psoriasis and multiple sclerosis. (Shen

et al., 2005; Chen, 2010) Apart from these cytokines pro-

inflammatory functions, they also have many physiological properties,

for example, TNF-a is responsible for apoptosis induction and stimu-

late many cytokines release as IL-6, IL-1 and IL-10 (Horowitz and

Lorenzo, 2002; Tsatsanis et al., 2005). Dysregulation of TNF-a has

been recorded in many pathological disorders, including congestive

heart failure, cancer, Crohn,s disease, Alzeheimer,s and rheumatoid

arthritis (Kumar et al., 2004; Zidi et al., 2010; Medeiros and

LaFerla, 2013). So, targeting TNF-a can be used for the control of

the above mentioned diseases. Until now, no orally available drug

has been approved as TNF-a inhibitor, only some proteins (Etaner-

cept, Anakinra, and Infliximab) had been used in clinics.

IL-6 is a pro-inflammatory cytokine responsible for initiation of

inflammatory process (Sultani et al., 2012). It is generated by many

cells at the region of inflammation and submits signal to the body

(Tanaka et al., 2014). IL-6 not only controls inflammation and auto-

immunity problems, but it also included in bone loss, neuronal loss

and neuronal differentiation (Ataie-Kachoie et al., 2013; Noack and

Miossec, 2017). Dysregulation of IL-6 was recorded in inflammation

and auto-immunity problems (Wong et al., 2008). So designing bioac-

tive agents as IL-6 suppressors will be effective in curing immune-

mediate diseases.

On the other hand, prostaglandin endoperoxide synthase (cy-

clooxygenase, COX) is an essential enzyme for prostanoid biosynthesis

(prostaglandin, prostacyclin and thromboxane) from arachidonic acid

(Smyth et al., 2009). One isoform of cyclooxygenase enzyme is COX-1

which is the constitutive form and required for biosynthesis of throm-

boxane A2 and prostaglandin (RA Abdellatif et al., 2017), while the

other isoform is COX-2 that is activated as a result of pro-

inflammatory stimulus (Abdelgawad et al., 2017b). Traditional non-

steroidal anti-inflammatory drugs (NSAID) suppress both COX iso-

forms leading to kidney damage and gastrointestinal ulceration
(Ghoneim et al., 2018). In endeavor to avoid these drawbacks of non-

selective NSAID, medicinal chemists designed selective COX-2 inhibi-

tors as valdecoxib, rofecoxib and celecoxib that devoid of

gastrointestinal side effects (Bäck et al., 2012; Piper and Garelnabi,

2020). Unfortunately, some selective COX-2 inhibitors as valdecoxib

and rofecoxib recorded adverse cardiovascular effects that led to their

withdrawal from the market (Brueggemann et al., 2009).

Phospholipase A2 (PLA2) is an enzyme that stimulates glyc-

erophospholipids hydrolysis to yield arachidonic acid which is a pre-

cursor of eicosanoids like prostaglandins, leukotrienes and

thromboxane. The same reaction yields also lysophospholipid, which

could be converted into pro-inflammatory mediator called platelet acti-

vating factor (Rink and Khanna, 2011; Szefel et al., 2011). So, suppres-

sion of PLA2 is regarded as an attractive target for the discovery of

novel anti-inflammatory drugs.

LOX enzymes metabolize arachidonic acid to leukotrienes and

lipoxins. Leukotrienes enhance the in-inflammatory process while,

lipoxins have primarily anti-inflammatory effect (Wisastra and

Dekker, 2014).

Pyrazolo[1,5-a]pyrimidine fused heterocycle was documented in lit-

erature to exhibit many biological potential as anticancer (Liu et al.,

2016; Hassan et al., 2017), antioxidant (Metwally et al., 2012;

Cherukupalli et al., 2017), serotonin antagonist (Ivachtchenko et al.,

2011), antimicrobial (Abdelhamid et al., 2010) and anti-inflammatory

(Kaping et al., 2016; Naik et al., 2020). Almansa et al. (Almansa

et al., 2001) designed and prepared a new group of pyrazolo[1,5-a]

pyrimidines and screened these novel derivatives for their activity

towards COX isoforms. The tested compounds demonstrated good

activity especially compound 1 (Fig. 1) which recorded promising

COX-2 selectivity (IC50 = 0.012 mM). In addition, compound 2

(Fig. 1) was prepared and exhibited anti-inflammatory potential

(edema inhibition percentage = 26.5% after 4 h.) comparable to that

recorded by indomethacin (edema inhibition percentage = 28.7%

after 4 h.) (Shaaban et al., 2008). On the other hand, pyridine hetero-

cycle attracted medicinal chemists interest due to its biological impor-

tance as anticancer (Abadi et al., 2009), antimicrobial (Elkanzi et al.,

2019), antihypertensive (Laneri et al., 2011), antimalarial (UEYAMA

et al., 1994), LOX inhibitors (Elzahhar et al., 2018) and anti-

inflammatory (Abdelgawad et al., 2018). New pyridine derivatives

3a-d (Fig. 1) were constructed and screened for their anti-

inflammatory potential using formalin stimulated paw edema proce-

dure (Abdellatif et al., 2015). The record of this study displayed that

these candidates 3a-d exhibited anti-inflammatory activity with

ED50 = 339–809 mM/Kg po. Furthermore, compound 4 (Fig. 1)

revealed similar COX-2 selectivity index to that recorded by celecoxib

(S.I = 7.46) (Renard et al., 2014). It was thought that the hybridiza-

tion of pyrazolo[1,5-a]pyrimidine and pyridine moieties would yield

http://creativecommons.org/licenses/by-nc-nd/4.0/


Fig.1 Some anti-inflammatory agents having pyrazolo[1,5-a]pyrimidines (1, 2) and pyridine derivatives (3a-d, 4) and target compounds 9

and 11–14.
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molecular hybrids, which might be developed as lead anti-

inflammatory agents (Fig. 1). Energized by pyrazolo[1,5-a]pyrimidine

and pyridine anti-inflammatory potential and in continuation of our

past work for designing and preparing more selective anti-

inflammatory agents (Bakr et al., 2016; Abdelgawad et al., 2017a;

Abdellatif et al., 2017; Abdelgawad et al., 2018; Oraby et al., 2018;

Abdelgawad et al., 2019; Al-Sanea et al., 2019; Bakr et al., 2019;

Elkanzi and Bakr, 2020; Abdelgawad et al., 2021; Abdelgawad et al.,

2022), we decided to synthesize and evaluate novel pyrazolo[1,5-a]

pyrimidine-pyridine hybrids for their inhibitory potential towards

cyclooxygenase, lipoxygenase, IL-6, TNF-a and phospholipase A2-V

with the hope of discovering novel safe anti-inflammatory agents.

For suggesting the action mode of these novel hybrids as anti-

inflammatory agents, molecular docking simulation study was carried

out.
2. Results and discussion

2.1. Chemistry

The newly prepared derivatives (9, 11–14) were constructed as
demonstrated in Scheme 1. Reacting malononitrile derivative
(5) with 4-methoxypyridin-ylamine (6) in presence of three

drops of triethylamine using absolute ethanol as a solvent
yielded 2-[(4-methoxypyridin-2-ylamino)-methylsulfanyl-meth
ylene]malononitrile (7) in 45% yield. IR displayed the presence

of two peaks for NH and CN groups at 3376 and 2217 cm�1.
Moreover, 1HNMR revealed the existence of SCH3 and OCH3

protons as two singlet signals at 2.54 and 4.12 ppm
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respectively. In addition, the presence of the three pyridine
protons as a multiplet peak at 6.12–8.02 ppm in 1HNMR
proved the structure. Cyclizing compound 7 with hydrazine

hydrate constructed pyrazole-4-carbonitrile derivative 8 in a
good yield (60%). 1HNMR of compound 8 revealed the disap-
pearance of SCH3 protons at 2.54 ppm and existence of NH2

and NH protons as singlet peaks exchanged with D2O at
6.78 and 12.73 ppm. Mass spectrum of compound 8 demon-
strated molecular ion peak at 230 (54.22%). Treating the key

intermediate 8 with 2-(bis-methylsulfanyl-methylene)
malononitrile (5) using acetone and few drops of triethylamine
produced compound 9 in 66% yield. IR spectrum of the
derivative 9 displayed two CN groups at 2220 and

2215 ppm. Moreover, 1HNMR of derivative 9 recorded the
existence of SCH3 protons at 2.61 ppm. On the other hand,
refluxing compound 8 with ethyl acrylate derivative 10 in etha-

nol yielded compound 11 in good yield (63%). Compound 11

structure was proved by spectral outcomes and elemental anal-
yses. 1HNMR chart recorded the existence of two singlet peaks

at 2.62 and 11.76 ppm attributed to SCH3 and OH, sequen-
tially. Besides, molecular ion peak at m/z 353 (14.11%) was
recorded in mass chart of compound 11. In addition, the can-

didate 12 was constructed by coupling compound 8 with acetyl
acetone. 1HNMR spectrum of derivative 12 recorded the
appearance of two methyl groups at 2.35 ppm. Finally, 7-ethox
ypyridopyrazolopyrimidine-3-carbonitrile 13 and 5-ethoxy-7-

aminopyridopyrazolo[1,5-a]pyrimidine-3-carbonitrile 14 were
constructed from coupling the key intermediate 8 with ethyl
acetoacetate and ethyl cyanoacetate, respectively. Compounds

13 and 14 were elucidated by spectral and elemental analysis.
Mass spectra of 13 and 14 recorded molecular ion peaks at
324 (27.54%) and 325 (34.83%), respectively.
2.2. Biological studies

2.2.1. TNF-a and IL-6 suppression assay

The outcomes results of this assay were recorded in Fig. 2 and
Fig. 3 which revealed that all the tested derivatives suppressed
both TNF-a and IL-6 with various percentages. They sup-

pressed TNF-a release with percentage inhibition range = 3
7–89% and IL-6 release with percentage inhibition range =
40–80% to LPS control. The most suppressor effect was

achieved by compound 11, it was able to inhibit both TNF-a
(percentage inhibition = 89%) and IL-6 (percentage inhibi-
tion = 80%) release in RAW264.7 mouse macrophages. The

least inhibitory result was assigned by the pyrazole derivative
8 towards IL-6 and TNF-a secretion with inhibitory percent-
age 37% and 40%, sequentially. So, fusing the pyrazole ring
with pyrimidine scaffold markedly increased the TNF-a and

IL-6 inhibitory potential.

2.2.2. Suppression of sPLA2-V

One of strategies used for treating inflammation is inhibiting
sPLA2-V (Yedgar et al., 2006). The obtained data from this
screening is reported in Table 1, which showed that all the
screened compounds displayed good sPLA2-V inhibitory

potential with IC50 range = 1–3.2 mM compared with dexam-
ethasone (IC50 = 0.59 mM). Moreover, 5-hydroxy-2-(4-meth
oxypyridin-2-ylamino)-7-methylsulfanylpyrazolopyrimidinedi

carbonitrile (11) was the most active sPLA2-V suppressor
(IC50 = 1 mM), followed by 7-ethoxy-2-(4-methoxypyridin-2-
ylamino)pyrazolopyrimidine carbonitrile (13) which exerted
sPLA2-V inhibition with IC50 = 1.7 mM. Replacing the hydro-

xyl group in compound 11 (IC50 = 1 mM) with amino group in
compound 9 (IC50 = 2.32 mM) decreased the inhibitory poten-
tial against sPLA2-V. It is apparent that the existence of

ethoxy group in compound 13 (IC50 = 1.7 mM) was advanta-
geous than methyl substitution in compound 12 (IC50 = 3.2
mM) for achieving better sPLA2-V inhibitory potential.

2.2.3. 15-Lipoxygenase (15-LOX) inhibitory assay

All the estimated derivatives suppressed 15-LOX enzyme with
IC50 range equal to 5.6–27.3 mM. Compound 12 was the most

potent 15-LOX suppressor with IC50 = 5.6 mM revealing
higher inhibitory activity than NDGA (IC50 = 8.5 mM). In
addition, the pyrazolo[1,5-a]pyrimidines 13 (IC50 = 8.4 mM)

and 14 (IC50 = 8.2 mM) demonstrated comparable activity
to that exerted by NDGA (IC50 = 8.5 mM) (Table 1). The
obtained results pointed out that the disubstituted pyrimidine
derivatives 12 (IC50 = 5.6 mM), 13 (IC50 = 8.4 mM) and 14

(IC50 = 8.2 mM) possessed favorable 15-LOX suppressing
potential than trisubstituted analogues 9 (IC50 = 27.3 mM)
and 11 (IC50 = 18.4 mM).

2.2.4. In vitro cyclooxygenase suppression estimation

The newly designed pyrazole derivative 8 and pyrazolo[1,5-a]
pyrimidines 9 and 11–14 were screened in vitro against

cyclooxygenase inhibitory potential. The suppression potential
of these candidates was estimated by calculating the target
concentration producing 50% cyclooxygenase inhibition

(IC50). Selectivity index of COX-2 (S.I) for each tested com-
pound was also measured and compared to indomethacin as
a standard. The obtained results are reported in Table 1. All

the target compounds were weak to moderate potent COX-1
suppressor (IC50 = 7.9–12.56 mM) and moderate to high
potent COX-2 suppressor (IC50 = 1.11–4.7 mM). All tested
compounds 8, 9 and 11–14 exhibited more activity in suppress-

ing COX-2 than COX-1 isozyme. Furthermore, the target
derivatives 11 (IC50 = 1.4 mM), 12 (IC50 = 1.11 mM), 13

(IC50 = 2.7 mM) and 14 (IC50 = 2.2 mM) recorded higher

COX-2 inhibitory effect than exhibited by indomethacin
(IC50 = 3.65 mM). The dimethylpyrazole 12 showed the most
potency towards COX-2 inhibition (IC50 = 1.1 mM) which is

similar as displayed by celecoxib (IC50 = 1.1 mM), whereas
5-hydroxy-7-methylsulfanyl-pyrazolopyrimidinedicarbonitrile
(11) recorded the highest selectivity to COX-2 (S.I = 8.97) ver-

sus celecoxib (S.I. = 6.61) and indomethacin (IC50 = 3.65 m
M, S.I = 0.08). The pyrazole derivative 8 exhibited the least
COX-2 suppressor potential with IC50 = 4.7 mM, and S.
I = 1.93. Moreover, replacing the methyl group in compound

12 (IC50 = 1.1 mM) with ethoxy group in compound 13

(IC50 = 2.7 mM) decreased the activity. In addition, the appen-
dage of hydroxyl group instead of amino group markedly

reduced the suppressive activity and selectivity to COX-2. This
is evident upon comparing compound 11 (IC50 = 1.4 mM, S.
I. = 8.97) with 9 (IC50 = 4.4 mM, S.I. = 2.32). Finally,

hybridizing pyrazole ring 8 (IC50 = 4.7 mM, and S.I = 1.93)
with pyrimidine scaffold enhanced the inhibitory activity
towards COX-2 as revealed by 11 (IC50 = 1.4 mM,

S.I. = 8.97), 12 (IC50 = 1.11 mM, S.I. = 7.66), 13 (IC50 =
2.7 mM, S.I. = 3.59).



Scheme 1 Reagents and conditions: a) ethanol, (C2H5)3N, reflux 3 days at 180 �C, b) NH2NH2�H2O, 8 h, c) acetone, (C2H5)3N, reflux 7 h,

d) ethanol, (C2H5)3N, reflux 9 h, e) acetyl acetone, ethanol, acetic acid, reflux 5 h, f) ethyl acetoacetate, ethanol, acetic acid, reflux 7 h, g)

ethyl cyanoacetate, DMF, acetic acid, reflux 6 h.
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2.2.5. In-vivo anti-inflammatory potential

The anti-inflammatory potential of derivatives 8, 9 and 11–14
were estimated via the use of procedure for inducing rat paw
edema with carrageenan. Before the induction of inflammation

by subcutaneous administration of carrageenan, each com-
pound was taken at dose 50 mg/kg orally. The anti-
inflammatory potential was measured according to paw vol-
ume changes after 3 h from carrageenan administration and

the data obtained was listed in Table 2. Looking at the data,
all the tested derivatives displayed AI activity with percentage
inhibition range = 22–68%. The pyrazolopyrimidine deriva-

tives 11–14 recorded higher AI potential (AI = 46–68%) than
exhibited by the pyrazole derivative 8 and 5-aminopyrazolo
[1,5-a]pyrimidine-3,6-dicarbonitrile (9) (AI = 22–34%) in con-

trast to celecoxib (AI = 72%). Furthermore, the ED50 values
for the most active AI candidates 11–14 were measured using
celecoxib as a standard. Compound 11 was the most potent

candidate showing the same potency as that recorded by cele-
coxib (ED50 = 35 mg/kg).

2.2.6. Ulcerogenic liability

The most active candidates 11–14 were tested for their ulcero-
genic liability using the low ulcerogenic standard celecoxib as
present in Table 3. Both candidates 11 and 12 displayed the

least ulcerogenic potential similar to the ulcerogenic effect of
celecoxib (ulcer index = 0.33). The least ulcerogenic effect of
compounds 11 and 12 might be due to their low effect to

COX-1 (IC50 = 12.56, 8.5 mM, respectively) beside their high
selectivity indices to COX-2 (S.I. = 8.97 and 7.66,
respectively).



Fig. 2 IL-6 suppression results using compounds 8, 9 and 11–14 in RAW264.7 mouse macrophages. Note: The results are expressed as

LPS control percent of LPS control. Each column represents mean ± SE of three independent experiments. Acronyms: LPS:

lipopolysaccharides; IL-6: interleukin-6; SE: standard error.

Fig. 3 TNF-a suppression results using compounds 8, 9 and 11–14 in RAW264.7 mouse macrophages. Note: The results are expressed as

LPS control percent of LPS control. Each column represents mean ± SE of three independent experiments. Acronyms: LPS:

lipopolysaccharides; TNF-a: tumor necrosis factor-alpha; SE: standard error.

Table 1 Results of suppressing sPLA2-V & 15-LOX & COX-1 and COX-2 and by the pyrazole derivative 8, pyrazolo[1,5-a]

pyrimidines 9, 11–14, dexamethasone, celecoxib, Indomethacin and NDGA.

Compound sPLA2-V

IC50 (mM)

15-LOX

IC50 (mM)

COX-1

IC50 (mM)

COX-2

IC50 (mM)

COX-2 S.I

8 3.1 ± 0.8 14.2 ± 2.8 9.1 ± 0.5 4.7 ± 1.4 1.93

9 2.6 ± 0.3 27.3 ± 4.5 10.2 ± 1.6 4.4 ± 0.9 2.32

11 1.0 ± 0.8 18.4 ± 0.7 12.56 ± 2.6 1.4 ± 0.5 8.97

12 3.2 ± 1.7 5.6 ± 1.2 8.5 ± 0.2 1.11 ± 0.7 7.66

13 1.7 ± 0.5 8.4 ± 1.4 7.9 ± 0.9 2.7 ± 1.3 3.59

14 3.2 ± 0.4 8.2 ± 1.2 8.5 ± 0.7 2.2 ± 1.3 3.86

Dexamethasone 0.59 ± 0.04 – – – –

Celecoxib – – 7.34 ± 0.2 1.11 ± 0.6 6.61

Indomethacin* – – 0.29 ± 0.05 3.65 ± 0.4 0.08

NDGA
** – 8.5 ± 0.5 – – –

Values are the mean ± SD; n = 3.
* 30 mM concentration.
** 16 mM concentration, NDGA: Nordihydroguaiaretic acid.
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2.3. Docking study

To better understand the foundation of the diverse inhibitory
activities of compounds 8–14 against COXs and 15-LOX
enzymes, a docking study was conducted using AutoDock Vina
1.2.0 (Trott and Olson, 2010; Eberhardt et al., 2021). Mean-
while, this study delineates the structural features, key interac-

tions, binding modalities adopted by a representative set of
highly potent and less potent compounds inside the active
pockets of both COX-2 and 15-LOX enzymes. The version



Table 3 Ulcerogenic liability for compounds 11–14 and

celecoxib.

Compound no. Ulcer index Relative ulcerogenicity to celecoxib

11 0.33 1

12 0.33 1

13 1.67 5.06

14 1 3.03

Celecoxib 0.33 1
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of AutoDock Vina which is completely free software possesses
a highly developed scoring function, expanded forcefield and
can reproduce the improved docking performance compared

with the original Autodock4 engine.
To perform this study, the highest resolution (1.73 Ǻ) 3D

crystal structure of COX-2 (PDB ID: 3NT1, complexed with

naproxen) and 15-LOX 3D crystal structure (PDB code:
1LOX, resolution = 2.40 Ǻ, complexed with 3-(2-oct-1-yn-1-
ylphenyl)acrylic acid, RS7) were downloaded from the Protein

Data Bank website (https://www.rcsb.org). Initially, the relia-
bility of the docking protocol was validated by removing the
co-crystallized naproxen ligand from COX-2 3D complex
and and re-docking it into the active pocket of the same

enzyme. Upon visual inspection, it showed good alignment
and similar conformations with low RMSD value of 0.4 Ǻ,
Fig. 4(A). The overlay of the top docking poses of the most

active, 12 (IC50 = 1.11 mM) and the least active compound,
8 (IC50 = 4.7 mM) along with naproxen into the active pocket
of COX-2 revealed an occupation of the same part of the active

site with remarkable shape complementarity and alignment,
Fig. 4(B).

The docking results of compound 12 against COX-2 active

site revealed that the 5,7-dimethyl pyrazolopyrimidine moiety
occupies the well-defined central binding pocket formed by
Leu-352, Leu-384, Tyr-385, Trp-387, Phe-381, Phe-518, Met-
522, Gly-526, and Ser-530 residues establishing a huge network

of hydrophobic contacts between the two methyl groups and
Phe-381, Leu-384, Tyr-385, Trp-387, Phe-518 and Met-522
amino acids. In addition, the pyrazolopyrimidine nucleus

formed more hydrophobic interactions with Leu-352, Val-
523, Gly-526 and Ala-527 residues. Also, a remarkable p-p
stacking interaction with Phe-518 was noted. The 4-

methoxypyridin-2-ylamino moiety lies primarily in the proxi-
mal binding pocket surrounded by Arg-120, Val-349, Ser-
353, Tyr-355, Val-523, and Ala-527 forming some hydropho-
Table 2 Anti-inflammatory potential for the target derivatives

8, 9 and 11–14 (at dose 50 mg/kg) and ED50 for the most potent

derivatives 11–14 and celecoxib.

Compound

no.

(% of anti-inflammatory potential

AI ± SEM)
a

ED50

(mg/kg)
b

8 0.28 ± 0.08*** (22%) NDc

9 0.24 ± 0.06 * (34%) NDc

11 0.12 ± 0.03 *** (68%) 35

12 0.18 ± 0.05 *** (50%) 38

13 0.10 ± 1.40 ** (48%) 52

14 0.09 ± 1.45 *** (46%) 54

Celecoxib 0.09 ± 0.75 *** (72%) 35

Values represent mean ± SEM (n = 3), Significance levels.
**p > 0.01 and.
* p > 0.05.

*** p > 0.001 compared to the control group.
a Inhibitory potential in a carrageenan-induced rat paw edema

assay at 50 mg/kg dose after 3 h from examined compound oral

administration.
b ED50 (mg/kg) at 3 h after oral administration of the tested

compound was estimated using three different doses.
c Not determined.
bic contacts with Val-116 and one p-p stacking interaction
with Tyr-355 residue. Moreover, the amino group formed a

crucial hydrogen bonding interaction with the OH of Tyr-
355. It was found also that the methoxy group projects down-
ward toward the mouth of the active site where it engaged in

an important polar interaction (H-bond) with Arg-120 residue.
Intriguingly, the majority of interactions exerted by 12 were
hydrophobic in nature with reduced polar contacts, which is

in a complete agreement with the well-documented binding
patterns of most of known COX-2 selective inhibitors. The
2D/3D binding pattern and key interactions of 12 within the
active site of COX-2 enzyme were depicted in Fig. 5 (A&B).

On the other hand, the less potent compound, 8 was found
to bind into COX-2 active site with an inverted conformation
where the 4-methoxypyridine located in the central binding

pocket rather the proximal one as in compound 12. This
180� rotation could be explained by the less steric hinderance
existed in compound 8 which forced the 4-methoxypyridine

to be deeply extended into the central pocket away from the
constriction. After cyclization of 8 to furnish compound 12

bearing the bulkier dimethylpyrazolopyrimidine moiety, the
constriction could not accommodate it and the whole structure

adopted different conformation. The methoxy group of 8

extended upward toward the apex of active site forming some
hydrophobic contacts with Phe-381, Tyr-385 and Trp-387 resi-

dues. However, a part of pyridine ring lies in the proximal
pocket and interacted with Leu-352, Val-553 and Glu-356.
Notably, pyrazole-4-carbonitrile occupies the proximal bind-

ing pocket establishing two important interactions (H-bond
and p-p stacking) with OH and phenyl ring of Tyr-355, respec-
tively. However, an unfavorable clash with Arg-120 was

observed instead of forming the important H-bond which
might be the reason behind the reduction in activity beside
the inverted binding pattern of compound 8 comparing with
12, Fig. 6 (A-C).

Despite the COX-2 active site comprises four pockets; cen-
tral, proximal, distal and the special side pocket lined by His-
90, Gln-192, Leu-352, Ser-353, Tyr-355, Arg-513 and Val-523

(Malkowski et al., 2000), our active compounds occupy and
interact with only two binding pockets. Indeed, it is not sur-
prising with such a wide variety of chemical structures of the

reported and well-known COXs inhibitors which exhibit sev-
eral different binding patterns depending on their size and ori-
entation and establish contacts with various numbers of

binding pockets (Rouzer and Marnett, 2020). Also confirmed
that the stabilization of interactions between ligand and
COX isoenzymes is of greater importance than access to a
greater number of binding pockets. Therefore, the preferential

https://www.rcsb.org


Fig. 4 (A) Overlay of co-crystallized ligand, naproxen (green) and its redocked pose (cyan) inside the active site of COX-2 enzyme (PDB

code: 3NT1); (B) Superimposition of the top docked poses of compounds 12 (yellow), 8 (orange), and naproxen (green) into the binding

pocket of COX-2 where the 3D protein is shown as solvent-style surface.
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COX-2 inhibitory activity of our compounds could be now
properly justified, and their adopted binding mode resembles

that of some reported COXs inhibitors. Furthermore, it can
be conceptualized obviously that it is not necessary for the
COX inhibitor to interact with the characteristic COX-2 side

pocket to achieve the selectivity for COX-2 over COX-1
isoenzyme.
Fig. 5 2D and 3D binding modalities of compound 12 (Ball & stick

COX-2 enzyme (PDB code: 3NT1); A) 3D binding pattern of 12 into

active pocket of COX-2; H-bonds were represented as dashed green line

dark pink and light violet lines, respectively. H-bond surfaces around

structure in ribbon solid style colored in tan.
Meanwhile, the most potent compound 12 (IC50 = 5.60 m
M) against 15-LOX was docked into the catalytic domain of

its active site using the mammalian 3D crystal structure
(PDB: 1LOX) after removing the co-crystallized ligand, RS7.
To compare the results and to have a robust explanation for

the divergence of activity, the least potent compound, 9 was
selected to be docked as well.
with carbons colored in yellow) within the catalytic active site of

the active pocket of COX-2; B) 2D binding pattern of 12 into the

s. p-Stacking and hydrophobic interactions were showed in dashed

ligands were created. The 3D protein is displayed as secondary
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Upon examination of the docking results, it indicates that
compound 12 adopted a typical orientation and occupies the
hydrophobic part of the active site in a similar manner to that

of RS7. The 4-methoxypyridin-2-ylamino functionality was
laid near the catalytic iron ion with formation of a critical p-
charge interaction which might play a significant role in the

inhibitory activity of the compound. The phenyl ring also
was involved in p-p stacking interactions with His-366 residue,
in addition to some other hydrophobic contacts with Ilu-400,

Ala-404 and Leu-408 amino acids. Due to the high hydropho-
bicity nature of the 15-LOX active pocket except its opening, it
is not surprising to found the 5,7-dimethylpyrazolopyrimidine
moiety of 12 located and extended deeply in this region estab-

lishing a network of hydrophobic interactions with the sur-
rounding amino acids including Leu-408, Ile-418, Ile-593,
Val-594 and Leu-597. Moreover, it provides two p-anion inter-

actions with Glu-357 residue and p-p stacking with Phe-353. It
interacts also with Met-419 through a p-sulfur bond. The sta-
bilization of the complex of 12 and 15-LOX could be attribu-

ted to these hydrophobic contacts and p-charge interaction
with catalytic iron. Fig. 7(A&B) illustrates the 2D and 3D
interactions of compound 12 with the catalytic pocket of 15-

LOX.
Conversely, the replacement of methyl groups on pyra-

zolopyrimidine moiety of compound 12 with polar amino
and cyano group in compound 9 resulted in a sharp drop in

potency (IC50 = 27.30 mM). The possible explanation for that
is upon the increased polarity of 9, it was forced to protrude
outside the pocket toward the polar opening and exhibited a

different conformation to avoid the highly hydrophobic char-
acter of the deep active site. However, the 4-methoxypyridine
functionality was positioned near the catalytic iron, it failed

to be engaged in any kind of interactions like the correspond-
ing moiety in compound 12 due to a significant increase in the
distance with and Fe cation. This could also participate in

explanation of the remarkable decrease in the potency of 9

comparing to 12, Fig. 8 (A&B).
The dominant conformations of 9, 12, and RS7 inside the

active cavity of 15-LOX were superimposed to show the differ-

ent dispositions and orientations of these compounds, Fig. 9.
Fig. 6 2D and 3D binding modalities of compound 8 (Ball & stick

COX-2 enzyme (PDB code: 3NT1); A) 3D binding pattern of 8 into t

active pocket of COX-2; C) Overlay of 8 (orange) and 12 (yellow) in

showed in dashed red lines. H-bonds were displayed as dashed green
Interestingly, the docking scores were in line with the visual
investigations where compound 12 exerted higher score than
that of the co-redocked co-crystallized ligand, RS7 with

recorded DG values of �8.39 and �7.68 kcal/mol, respectively.
However, compound 9 recorded DG value of �6.71 kcal/mol.

Collectively, these results strongly endorsed the in vitro

inhibitory potential of our newly synthesized derivatives
against both COX-2 and 15-LOX enzymes. We herein pointed
out the possible explanation for the potency divergence, the

crucial structural features and key-interactions that might
greatly contribute to further design and develop potential leads
as promising anti-inflammatory agents with dual inhibitory
activity.
3. Conclusion

In conclusion, new pyrazole derivative 8 and pyrazolo[1,5-a]pyrimidi-

nes 9 and 11–14 were constructed and assayed for their anti-

inflammatory potential in vivo and in vitro towards certain pro-

inflammatory mediators (IL-6 and TNF-a) and by estimating COX

isoforms, 15-LOX, sPLA2-V, inhibitory potential. Excellent dual sup-

pressor potential was recorded by the target compound 11 towards IL-

6 and TNF-a release (percentage inhibition = 89, 80%, respectively).

In addition the target compounds 11, 12, 13 and 14 exhibited higher

COX-2 inhibitory activity (IC50 = 1.4, 1.11, 2.7 and 2.2 mM, respec-

tively) than displayed by indomethacin (IC50 = 3.65 mM). Moreover,

5-hydroxy-2-(4-methoxypyridin-2-ylamino)-pyrazolo[1,5-a]pyrim-

idinedicarbonitrile (11) was the most active sPLA2-V suppressor

(IC50 = 1 mM). Regarding 15-LOX inhibitory potential, derivative

12 was the most potent 15-LOX suppressor (IC50 = 5.6 mM) showing

higher inhibitory activity than NDGA (IC50 = 8.5 mM) and com-

pounds 13 (IC50 = 8.4 mM) and 14 (IC50 = 8.2 mM) demonstrated

comparable 15-LOX inhibitory activity to that exerted by NDGA.

Furthermore, the pyrazole compound 8 was the least potential target

candidate against all the assayed enzymes and pro-inflammatory

cytokines revealing that fusing pyrazole ring with pyrimidine scaffold

increased the anti-inflammatory potential. Finally, molecular modeling

studies displayed that compounds 12 and 11 were the most fitted

derivatives within the active site of COX-2 forming 4 to 5 hydrogen

bondings with Arg513, His90, Tyr385, Ser530, Arg120, Tyr355 and

Gln192 amino acids.
with carbons colored in orange) within the catalytic active site of

he active pocket of COX-2; B) 2D binding pattern of 12 into the

side the active site of COX-2 enzyme. Unfavorable clashes were

lines.



Fig. 7 2D and 3D binding modalities of compound 12 (Ball & stick with carbons colored in yellow) within the catalytic active site of 15-

LOX enzyme (PDB code: 1LOX); A) 3D binding pattern of 12 into the active pocket of 15-LOX; B) 2D binding pattern of 12 into the

active pocket of 15-LOX. p-Stacking, p-charge and hydrophobic interactions were showed in dashed dark pink, orange, and light violet

lines, respectively. Hydrophobic surface around ligand was created. The 3D protein is displayed as secondary structure in ribbon solid

style colored in dark cyan. The iron (Fe) atom was displayed as ball colored in dark orange. Hydrogens were deleted for clarity purpose.

Fig. 8 2D and 3D binding modalities of compound 9 (Ball & stick with carbons colored in red) within the catalytic active site of 15-LOX

enzyme (PDB code: 1LOX); A) 3D binding pattern of 9 into the active pocket of 15-LOX; B) 2D binding pattern of 9 into the active

pocket of 15-LOX. Hydrophobic surface around ligand was created. The iron (Fe) atom was colored in dark orange. Hydrogens were

deleted for clarity purpose.
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Fig. 9 Overlay of 9 (red), 12 (yellow) and RS7 (green) to show the shape complementarities, difference in orientation and torsions

exhibited by the docked poses within the active site of 15-LOX. The iron (Fe) atom was displayed as ball colored in dark orange. Pi-sulfur

and hydrophobic interactions were showed in dashed orange and light violet lines, respectively. Hydrogens were deleted for clarity

purpose. Hydrophobic surfaces around ligands were created. The 3D protein is displayed as secondary structure in ribbon solid style

colored in dark cyan.
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4. Materials and methods

4.1. Chemistry

The utilized chemicals had been purchased from Aldrich Com-
pany for chemicals. To check progress of the reactions and

products purity, we used silica gel percolated with F254Merck
plates (Darmstadt, Germany). Griffin apparatus had been uti-
lized for recording melting points and was uncorrected.

Bruker-Vector 22 spectrophotometer was used to get IR spec-
tra. 1H and 13C NMR had been estimated using
rianMercuryVXR-400 at 400 and 125 MHz by the use of

DMSO as a selected solvent. Hewlett Packard MS-EI5988
spectrometer had been used to estimate mass spectra and elec-
tron impact at 70 eV, at Cairo University. Perkin-Elmer 2400

at Cairo University had been utilized to estimate the micro-
analysis. The ketene S,S acetals 5 and 10 were constructed as
documented (Chandrashekar et al., 2011).

4.1.1. Synthesis of 2-[(4-methoxypyridin-2-ylamino)-
methylsulfanyl-methylene]-malononitrile (7)

A blend of 2-(bis-methylsulfanyl-methylene)malononitrile (5)
(1.70 g, 0.01 mol), 4-methoxypyridin-2-ylamine (6) (1.27 g,

10 mmol), triethylamine (3 drops) and ethyl alcohol (25 mL)
was refluxed for 3 days at 180 �C. Ethanol had been evapo-
rated to half its volume followed by collecting the residue
formed, then dried and purified by crystallization to afford
derivative 7 using methanol.

Yield 45%; m.p.: 112–114 �C. IR (KBr): 3376 (NH), 2256,
2217 (2CN) cm�1; 1HNMR: d 2.55 (s, SCH3, 3H), 3.73 (s,
OCH3, 3H), 6.12–8.02 (m, 3H, Ar-H), 12.20 (s, NH, 1H,

exchangeable by D2O); 13C NMR (DMSO–d6): d 15.7, 55.3,
95.3, 98.2, 149.6, 159.8, 160.7, 43.8, 192.1, 116.2; EIMS (m/z,
%) 246 (M+, 85%). Anal. Calcd for C11H10N4OS (246.29):
C, 53.64; H, 4.09; N, 22.75. Found: C, 53.61; H, 4.03; N, 22.50.
4.1.2. Preparation of 5-amino-3-(4-methoxypyridin-2-ylamino)-
1H-pyrazole-4-carbonitrile (8)

A blend of 2-[(4-methoxypyridin-2-ylamino)-methylsulfanyl-

methylene]malononitrile 7 (2.46 g, 10 mmol) and 99.99%
hydrazine hydrate (0.64 g, 20 mmol) was heated under reflux
using water bath for 8 h and then cooling the reaction mixture.

The formed precipitate was filtered, washed using ethyl alco-
hol, dried then purified by crystallization using dimethylfor-
mamide/ water to give pyrazole derivative 8.

Yield 60%; m.p.: 125–127 �C. IR (KBr): 3367–3231 (2NH,
NH2), 2216 (CN) cm�1; 1HNMR: d 3.73 (s, OCH3, 3H), 6.78
(s, NH2, 2H), 6.32–8.14 (m, 3H, Ar-H), 12.35 (s, NH, 1H),

12.73 (s, NH, 1H); 13C NMR: d = 56.1, 61.2, 95.3, 98.2,
115.1, 149.6, 152.3, 156.5, 160.7; EIMS (m/z, %) 230 (M+,
54.22, %). Anal. Calcd for C10H10N6O (230.23): C, 52.17; H,
4.38; N, 36.50. Found: C, 51.99; H, 4.29; N, 36.46.



12 M.A. Abdelgawad et al.
4.1.3. Synthesis of 5-amino-2-(4-methoxypyridin-2-ylamino)-7-

methylsulfanyl-pyrazolo[1,5-a]pyrimidine-3,6-dicarbonitrile
(9)

To a solution of key intermediate (8) (2.30 g, 10 mmol) in dry
acetone (30 mL), 2-(bis-methylsulfanyl-methylene)malononi

trile 5 (1.70 g, 10 mmol) and triethylamine (3 drops) were
added, followed by refluxing the blend for 7 h. The product
was obtained through filtration then dried and purified by

crystallization from dimethylformamide to afford immaculate
product 9.

Yield 66%; m.p.: 181–183 �C. IR (KBr): 3400–3100 (NH,
NH2) and 2215, 2220 (2CN) cm�1; 1H NMR: d = 2.61 (s,

SCH3, 3H), 3.72 (s, OCH3, 3H), 7.01–8.21 (m, 3H, Ar-H),
11.33 (s, 2H, NH2), 12.52 (s, NH, 1H); 13C NMR: d = 14.2,
56.1, 95.3, 98.2, 149.6, 156.5, 160.7, 76.9, 147.6, 91.2, 172.7,

152.9, 164.8, 116.5. EIMS (m/z, %) 352 (M+, 12.19%). Anal.
Calcd for C15H12N8OS (352.37):C, 51.13; H, 3.43; N, 31.80.
Found: C, 51.10; H, 3.33; N, 31.73.

4.1.4. Synthesis of 5-hydroxy-2-(4-methoxypyridin-2-ylamino)-
7-methylsulfanyl-pyrazolo[1,5-a]pyrimidine-3,6-dicarbonitrile

(11)

A blend of derivative 8 (2.30 g, 10 mmol), ethyl 2-cyano-3,3-bis
(methylthio)acrylate (10) (2.17 g, 0.01 mol), trimethyl amine (4
drops) and ethyl alcohol (20 mL) was heated under reflux for

9 h. The formed pyrazolopyrimidine 11 was collected then
dried and purified through crystallization by ethanol and
dimethylformamide blend (1:1).

Yield 63%; m.p.: 189–190 �C. IR (KBr): 3400–3100 (NH,
OH), 2216, 2224 cm�1 (2CN) and; 1H NMR: d = 2.62 (s,
3H, SCH3), 3.73 (s, 3H, OCH3), 6.41–8.14 (m, 3H, Ar-H),
11.76 (s, 1H, OH), 12.02 (s, 1H, N-H); 13C NMR (DMSO–

d6): d = 14.2, 56.1, 95.3, 98.2, 149.6, 156.5, 160.7, 76.9,
147.6, 102.5, 172.9, 153.1, 176.5, 117.3. EIMS (m/z, %) 353
(M+, 14.11%). Anal. Calcd for C15H11N7O2S (353.36): C,

50.99; H, 3.14; N, 27.75. Found: C, 50.94; H, 3.09; N, 27.66.

4.1.5. Synthesis of 2-(4-methoxypyridin-2-ylamino)-5,7-

dimethylpyrazolo[1,5-a]pyrimidine-3-carbonitrile (12)

A blend of pyrazole-4-carbonitrile derivative (8) (2.30 g,
0.01 mol) and acetylacetone (1 g, 0.01 mol) in ethanol
(25 mL) and acetic acid glacial (3 drops) was heated for 7 h

under reflux. The reaction blend was cooled then poured into
30 mL cold water then the isolated product was collected,
dried well followed by crystallization from DMF to afford

the target 12.
Yield 89%; m.p. 219–220 �C. IR (KBr): 3400–3100 (NH),

2215 (CN) cm�1; 1H NMR: d 2.35 (s, 6H, 2CH3), 3.72 (s,
3H, OCH3), 7.06–8.32 (m, 4H, Ar-H), 12.03 (s, NH, 1H);
13C NMR: d 17.7, 28.0, 56.1, 95.3, 98.2, 116.4, 149.6, 156.5,
160.7, 76.9, 147.6, 119.8, 146.7, 153.1, 161.30, EIMS (m/z,
%) 294 (M+, 4.11%). Anal. Calcd for C15H14N6O (294.31):

C, 61.22; H, 4.79; N, 28.55. Found: C, 61.00; H, 4.50; N, 28.38.

4.1.6. 7-Ethoxy-2-(4-methoxypyridin-2-ylamino)pyrazolo[1,5-

a]pyrimidine-3-carbonitrile (13)

A blend of pyrazole 8 (2.30 g, 10 mmol) and ethyl acetoacetate
(1.30 g, 10 mmol) in ethanol (20 mL) and glacial acetic acid (3
drops) was heated for 6 h under reflux. After cooling, the reac-

tion mixture was poured onto ice and the isolated compound
was collected, then dried and purified by crystallization using
EtOH/ DMF to yield compound 13.

Yield: 66%; m.p.: 197–199 �C. IR (KBr): 3375 (NH), 2215

(CN) cm�1; 1H NMR: d 1.29 (t, CH3, 3H), 2.75 (s, CH3, 3H),
3.73 (s, OCH3, 3H), 4.43 (q, CH2, 2H), 6.42–8.02 (m, 4H, Ar-
H), 12.03 (s, NH, 1H); 13C NMR: d = 15.2, 28.03, 49.6, 56.10,

65.02, 95.3, 98.2, 156.5, 160.7, 76.9, 112.2, 116.45, 147.6, 153.1,
163.4, 172. EIMS (m/z, %) 324 (M+, 27.54%). Anal. Calcd for
C16H16N6O2 (324.34): C, 59.25; H, 4.97; N, 25.91. Found: C,

58.79; H, 5.00; N, 26.00.

4.1.7. Synthesis of 7-amino-5-ethoxy-2-(4-methoxypyridin-2-
ylamino)pyrazolo[1,5-a]pyrimidine-3-carbonitrile (14)

A blend of key intermediate 8 (2.30 g, 10 mmol) and ethyl
cyanoacetate (1.13 g, 10 mmol) in dimethylformamide
(15 mL) and glacial acetic acid (3 drops) was refluxed for

8 h. After cooling, the blend was poured over crushed ice,
and the isolated compound was collected then dried well and
crystallized using acetic acid to afford derivative 14.

Yield 67%; m.p.: 222–224 �C. IR (KBr): 3415–3266 (NH2

& NH), 2216 (CN) cm�1; 1H NMR: d = 1.35 (t, CH3, 3H),
3.73 (s, OCH3, 3H), 4.45 (q, CH2, 2H), 7.42–8.02 (m, 4H,
Ar-H), 12.02 (s, 1H, N-H); 13C NMR: d 15.3, 56.1, 65.02,

95.3, 98.2, 114.03, 116.12, 149.6, 156.5, 160.7, 176.9, 147.6,
119.3, 143.2, 153.1, 170.2. EIMS (m/z, %) 325 (M+,
34.83%). Anal. Calcd for C15H15N7O2 (325.33): C, 55.38; H,

4.65; N, 30.14. Found: C, 55.50; H, 5.00; N, 30.00.

4.2. Biological activity

4.2.1. TNF-a and IL-6 suppression assay

Dulbecco’s modified Eagles medium having FBS (10%), peni-
cillin (100 U/ml) and streptomycin (100 mg/ml) with carbon

dioxide (5%) at 37 �C was used for incubating mouse
Raw264.7 Macrophages, The macrophages had been treated
with vehicle or test compounds (10 mM) for 2 h then treated

with lipopolysaccharide (LPS) (0.5 mM/mL) for 22 h. Cells
and culture media were centrifuged for 10 min at 1,000 rpm.
Levels of TNF-a and IL-6 levels were estimated via the use

of IL-6 and TNF-a ELISA kits following manufacturing
guidelines. The supernatant was isolated after centrifugation
the deposited till use at �80 �c. Cells had been washed using
PBS then extracted later with cell lysis buffer (0.1 SDS,

20 mM Tris-HCl, 20 mM NaF, 2 mM EDTA, 150 mM NaCl
and NP40 1%). The blend was agitated forcelly in lysis buffer
for 15 min at 0 �C. After centrifuge at 4 Oc for 30 min, protein

was collected and concentrations were estimated utilizing Bio-
Rad protein assay reagents (Stoll et al., 2006).

4.2.2. Suppression of sPLA2-V

The source of enzyme used in this study was human recombi-
nant sPLA2-V. The target compounds were estimated for their
sPLA2-V suppression potential utilizing reported procedure

(Jantan et al., 2014). Hydrolysis of 1,2-bis(heptanoylthio)-
glycerophosphocholine at sn-2 bond by PLA2 led to free thiols
exposure which converts DTNB into 2-nitro-5-thiobenzoic

acid that measured at 405 nm photometrically. The assay
had been performed using aqueous buffer at pH = 7.5 having
NaCl (7 mM), Tris (26 mM), CaCl2 (9 mM) and Triton-X

(280 mM). PLA2 and the substrate were re-suspended in buf-
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fer. DTNB was dissolved by aq. Tris HCl (pH = 7.5). DTNB
and enzyme produced final concentrations of 87 mM and
100 mg/mL, sequentially. The assays were carried out in 96-

well microliter plates comprising substrate solution at room
temperature, DTNB and the tested compounds. Potential of
sPLA2-V was measured 100% by only adding substrate and

enzyme. The negative control used in this assay is DMSO
(1.7% v/v).

4.2.3. 15-Lipoxygenase (LOX) suppression assay

The potential of the prepared candidates 8, 9 and 11–14
towards soybean 15-LOX was estimated by colorimetric assay
(Bharate et al., 2008). To carry out the assay Tris-HCl (0.1 M)

had been utilized and 15-lipoxygenase had been suspended
within the used buffer before this assay. The substrate was dis-
solved in KOH and vortexed in equal amounts and followed

by dilution to get 1 mM concentration. This work had been
done in in 96-well microliter plates comprising enzyme, sub-
strate, tested compounds at room temperature. The maximum
potential of 15-LOX was determined by adding enzyme and

substrate only. To estimate the potential, tested compound
(10 mL) and LOX (95 mL) were added. The reaction was started
by adding substrate solution to all wells for 5 min. To halt

enzyme catalysis, chromogen (100 mL) for 5 min was added.
Then, the absorbance was determined at 490 nm by the use
of Tecan infinite pro 200 microplate reader (Tecan Group

Ltd., Mannedorf, Switzerland).

4.2.4. In vitro cyclooxygenase suppression assay

Suppressing Ovine cyclooxygenase-1 and cyclooxygenase-2

was measured in vitro as reported using enzyme immunoassay
(EIA) kit (Abdelgawad et al., 2017b).

4.2.5. In vivo anti-inflammatory studies

We used in this study adult male Wister albino rats weighing
150–180 g. Before any experimental study, rats are given
14 days to acclimate. The rats were kept in a controlled envi-

ronment with access to water and food. All assays had been
done adapting rules for care of animals in lab. Carrageenan
initiated paw edema in rat had been used in order to determine

the anti-inflammatory potential for the constructed candidates
8, 9 and 11–14 (Bakr et al., 2019). We used in this assay groups
male Wister albino rats (body weight = 100–150 g) each of
four rats under controlled conditions (humidity 60 ± 10%

and temperature 27 ± 2 �C). 1% carrageenan in saline
(0.05 mL/rat) was injected subcutaneously into the left hind
paw of each rat one hour after administrating the examined

compounds (50 mg/kg). After three hours of injecting car-
rageenan, the paw thickness for each rat was calculated and
the thickness change and percent of paw edema inhibition

had been measured. The ED50 was calculated for the most
active candidates.

4.2.6. Ulcerogenic liability

Ulcerogenic risk for derivatives 11–14 and celecoxib was deter-
mined as reported procedure (Cho and Ogle, 1979).
4.3. Docking study

The newly released Autodock Vina program version 1.2.0 was
employed to conduct this study as reported (Trott and
Olson, 2010). 3D Crystal structures were selected and down-

loaded from Protein Data Bank. The co-crystallized ligands
were removed from the initial crystal structures followed by
deleting all water molecules. The docked compounds were
energy minimized and rotatable bonds were adjusted and then,

they were saved as PDBQT files. The Swiss-PdbViewer soft-
ware version 4.1.0 was used to prepare both proteins by adding
the missing atoms and energy minimization. Then, the polar

hydrogens and Gastieger charges were added, and the corre-
sponding charge files were generated, and the structures were
saved in PDBQT file format using the Autodock Tools

(ADT) version 1.5.6 according to the previous reports
(Morris et al., 2009). The exhaustiveness was adjusted to 32.
The settings of the two grid boxes were selected to encompass

the co-crystallized inhibitors inside the active sites of both tar-
gets. The center co-ordinate was obtained from the central
atom of the co-crystallized ligand. The COX-2 box was cen-
tered toward the coordinates of (X = -40.69, Y = -51.50,

Z = –22.39 Å) with size of (X = 40, Y = 20, Z = 20 Å), while
15-LOX box was centered toward the coordinates of (X = -
27.89, Y = 151.75, Z = 56.94 Å) with size of (X = 30,

Y = 30, Z = 30 Å). The predicted and putative interactions
and binding patterns were visualized using Discovery Studio
Visualizer (DSV), V21.1 (BioVia, San Diego, CA, USA) after

the successful completion of the docking simulation steps
(Biovia, 2017).

4.4. Statistical analysis

All tests had been carried out thrice and obtained results are
shown as mean ± S.E. IC50 Values were determined from
three determinations via use of Graph Pad Prism 5 software.

All the data had been analyzed utilizing one way ANOVA.
P < 0.05 was considered as statistically significant.
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