Journal Pre-proof %

Discovery of novel urea-diarylpyrazole hybrids as dual COX-2/sEH inhibitors with
improved anti-inflammatory activity and highly reduced cardiovascular risks A

Ahmed H. Abdelazeem, Asmaa G. Safi El-Din, Maha M. Abdel-Fattah, Noha H. Amin, 7

Samir M. EI-Moghazy, Mohammed T. El-Saadi

PII: S0223-5234(20)30634-6
DOI: https://doi.org/10.1016/j.ejmech.2020.112662
Reference: EJMECH 112662

To appearin:  European Journal of Medicinal Chemistry

Received Date: 22 June 2020
Revised Date: 10 July 2020
Accepted Date: 11 July 2020

Please cite this article as: A.H. Abdelazeem, A.G. Safi EI-Din, M.M. Abdel-Fattah, N.H. Amin, S.M. EI-
Moghazy, M.T. El-Saadi, Discovery Of Novel Urea-Diarylpyrazole Hybrids As Dual COX-2/sEH Inhibitors
With Improved Anti-Inflammatory Activity And Highly Reduced Cardiovascular Risks, European Journal
of Medicinal Chemistry, https://doi.org/10.1016/j.ejmech.2020.112662.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2020 Elsevier Masson SAS. All rights reserved.


https://doi.org/10.1016/j.ejmech.2020.112662
https://doi.org/10.1016/j.ejmech.2020.112662

In vitro Assays Anti-inflammatorv Assav

COX-21C5)=1.24 pM Edema inhibition %
sEH  ICs, = 0.40 nM after 3h = 95.82

Y 44

H,NO,S

P

Analgesic Assay

=&

writhing inhibition

Design & Synthesis

0]

S-NH
F3CONH o

A IS

Docking study




Discovery Of Novel Urea-Diarylpyrazole Hybrids As ual COX-
2/sEH Inhibitors With Improved Anti-Inflammatory Ac tivity And
Highly Reduced Cardiovascular Risks

Ahmed H. Abdelazeen”; Asmaa G. Safi EI-Din; Maha M. Abdel-Fattah? Noha H.
Amin’; Samir M. El-Moghazy®"; Mohammed T. El-Saadt *

'Department of Medicinal Chemistry, Faculty of Phaay, Beni-Suef University, Beni-Suef 62514, Egypt;
Department of pharmacology and Toxicology, Facaftpharmacy, Beni-Suef University, Beni-Suef 62514,
Egypt; *Department of Pharmaceutical Chemistry, Faculty’b&irmacy, Cairo University, Cairo 11562,

Egypt “Department of Medicinal Chemistry, Faculty of Phany, Sinai University, Qantara, Egypt.

*To whom correspondence should be addressed:

Ahmed H. Abdelazeem, Ph.DDepartment of Medicinal Chemistry, Faculty of Phacyy Beni-
Suef University, Beni-Suef 62514, Egypt.

E-mail address ahmed.abdelazeem@pharm.bsu.edu.eg

Samir M. El-Moghazy, Ph.D. Department of Pharmaceutical Chemistry, Faculty?b&rmacy,
Cairo University, Kasr-EI-Eini Street, 11562 CaiEgypt.

E-mail address samirelmoghazy@gmail.com




Graphical Abstract:

In vitro Assays Anti-inflammatory Assay
o J \
e — 6«@&/‘
COX-2IC5p=1.24 pM E Edema inhibition %
SEH  ICsy=0.40 nM after 3h = 95.82
A
v 44
H,NO,S
Design & Synthesis Analgesic Assav
Q)
Ly A el
.‘ \ /
writhing inhibition
[ Og;;ml
A o

Docking study Histopathologyv study

sy

ABSTRACT:

Herein we describe our efforts to develop novel-erflammatory/analgesic agents devoid of known
cardiovascular drawbacks. In doing so, two 1,5ydligrazole series of urea linke8g-f) and amide
linked (11a-f) compounds were synthesized and evaluateditro as dual COX-&EH inhibitors
using recombinant enzyme assays. Theivo anti-inflammatory and analgesic activities wererth
examined using reported animal models. Compowtnsand 9¢c showed the highest inhibitory
activities against both COX-2 and sEH {§@f COX-2 = 1.85 and 1.2dM; sEH = 0.55 and 0.40
nM, respectively), besides showing the best agtiag anti-inflammatory agents. Interestingly, the
cardiovascular profile of the two compoungéls and 9c was evaluated through measuring some
biochemical parameters such as prostacyclin {R{attate dehydrogenase (LDH), troponin-1 (Tn-1),
tumor necrosis factoree (TNF-a), creatine kinase-M (CK-M) and reduced glutathid@SH) in
addition to a histo-pathological study to investéggséhe changes in the heart muscle. The results
confirmed that compoundb and9c have a more favorable cardio-profile than celeoaxith much
less cardiovascular risks associated with the comsatective COX-2 inhibitors. Finally, the current
work provided a promising approach that can benupd to serve as a lead project to overcome the

cardiovascular toxicity related to the traditiosalective COX-2 inhibitors.

Keywords: 1,5-Diarylpyrazole; Dual COX/2EH; sEH inhibitor; Cardiotoxicity, Anti-inflammaitp.



1. Introduction:

For many years, the arachidonic acid (AA) cascaeddiators have been focused on the therapy of
several medical conditions including inflammatipajn, cancer, asthma and cardiovascular disorders
[1-8]. It is well established that the primer st#pthe AA cascade is its release from the cellular
membrane under the effect of the phospholipas@AA,) [4,5,9]. In consecutive steps, AA is bio-
converted by several specific oxygenases to pilarmhatory, pro-resolving in addition to anti-
inflammatory mediators [10,11]. The inhibition dietse specific oxygenases blocks their output
mediators release, hence they can be utilized inymiands of pharmaceutical researches and
conditions [12]. For instance, cyclooxygenase iitbis (COX pathway), are broadly used in the
treatment of inflammatory diseases, exemplifieccelgcoxib, rofecoxib and valdecoxib [5,9,13]. On
the other hand, zileuton, the drug of choice fdergly treatment, acts through the inhibition of
lipoxygenase (LOX pathway; the second pathway a€lEdonic acid cascade metabolism) as shown

in Fig. 1[9,13,14].
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Fig. 1. Some known inhibitors of COX-2 and 5-LOX enzymes
Traditional non-steroidal anti-inflammatory drughlSAIDs) were considered the first pivot of
inflammation treatment due to its ability to putadoprostaglandins (PGs), the prominent prostanoids

associated with several biological and patholodigattions [15]. Unfortunately, their long-term use



was well-known to be accompanied by severe gasestinal toxicity as a consequence of their
COX-1 inhibition, the enzyme responsible for getieraof the gastro-protectiverostaglandin £
(PGE,) [16]. Accordingly, improvement of selective COXsthibitors was considered as a promising
approach that circumvents NSAIDs-gastrointestinglry adverse effects. However, the appearance
of a novel side adverse effect, cardio-toxicitgdeo the rebound of some selective COX-2 inhibitor
from clinical fields [17]. The incidence of thromiio cardiovascular disorders caused by COX-2
inhibitors were primarily due to the imbalance imetratio of the thromboxane ,ATX Aj;
vasoconstrictdprothrombotic agent via action thromboxane-A sysf)ato prostacyclin (PGl
vasodilatofanti-aggregative agents synthesized via the aciddOX-2) levels [18,19]. This serious
episode had a resounding effect which proved thed ner developing new selective COX-2
inhibitors with a better cardiovascular profile.deatly, great attention has been devoted to thd thi
arachidonic acid metabolic pathway (cytochrome P#B0Och involves release of
vasoconstrictivgro-inflammatory  20-hydroxyeicosatetranoic acid -f2BTE) and epoxy-

eicosatrienoic acids (EETSs) [20,21] as showhim 2.
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Fig. 2. The arachidonic acid metabolism pathways



EETs are known as effective contributors to modulatimerous homeostatic biological process
including: inflammation [22,23], pain [24,25], vadar reactivity [26], blood pressure [27] as weldl a
cardiovascular protective features [28,29]. It weygorted that the cardioprotective activity of EETs
are exhibited by several mechanisms including viéetomh of coronary vessels via stimulation of
endothelial calcium-activated potassium channela]K¢30]. Moreover, EETs showed pro-
angiogenic properties tha associated with cardioprotection in chronic gsathrough the EET-
peroxisome proliferator activated recepiaiPPARy) pathway [31]. However, EETs are metabolized
into pro-inflammatory dihydroxy eicosatrienoic axi§DHETS) by the action of soluble epoxide

hydrolase enzyme (sEHjjg. 2[32].

Accordingly, the inhibition of SEH has been propbses a novel therapeutic approach for treatment
of numerous biological disorders including painflammation, hypertension and cardiovascular
disorders depending on its ability for preserving &dvantageous effects of EETs through enhancing
their levels in the plasma and biological tissu88—37]. Despite the various developed sEH
inhibitors (e.g. AUDA, CDU, AUCB and TPAU), no sEHhibitor has been presented to the market
yet. Only some hopeful sEH inhibitor candidates awbjected now to clinical trials such as
GSK2256294A in Phase-l and AR9281 in Phase-ll ajashronic obstructive pulmonary disease

(COPD) and hypertension[38—40], as showhim 3.
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Fig. 3. Some reported sEH inhibitors with high potencp@amomolar range



In particular, hybridization of inhibitors of COX-and seH enzymes has been proposed for the
development of a harmonious target as an antirmfiatory agent by poly-pharmacology technique.
The amalgamation of selective COX-2 inhibitor aftHsinhibitor has been proved to act as a dual
synergistic effect that caused reduction of bottammation and cardiovascular risks [41]. This
hypothesis was illustrated by several mechanisralsiding ability of COX-2/sEH combination to
decrease PGEwithout any change in P&TXA; ratio due to up-regulation of P&gynthases, the
enzyme responsible for producing R{3lI1,42]. Subsequently, COX-2/sEHI combination vallow

to reduce COX-2 dose and concomitant dose-deperdetibvascular adverse effects [43].

Based on the aforementioned studies, it was counakped that the development of novel dual
inhibitors of COX-2 and sEH would be a promisingpagach to resuscitate COX-2 inhibitors with an
overall successful outcome of both anti-inflammgatoeatment for ulcer patients and profound safety

margins against cardiovascular risks.

Rational design:

One of the most important drug design approachesl ws reduce drug toxicity and improve
biological activity is multi-target-directed ligan@MTDL) technique carried out by the covalent
conjugation of various active moieties (pharmacopbphaving different mechanisms of actions, yet
with precise pharmacophoric selection for eachviddial target. Based on this concept, the design of
our newly suggested COX-2/sEH dual inhibitors deiseon finding two pharmacophores to hit the

both targets concurrently with maintaining goodrpiecodynamic and pharmacokinetic profiles.

Celecoxib- and SC-558-based pharmacophore wascpéecthe first part in our strategy for targeting
COX-2 enzyme since it contains all the required C®DXharmacophoric moieties including Y-
shaped structure (diaryl-heterocycles) with a swdfoide group at thp-position of one of the two
phenyl rings. Moreover, the presence of adjacemt-fnembered heterocyclic core, a pyrazole ring,

which has been critical for high activity.



Exploring the sEH pharmacophoric moieties to btild second part in our newly suggested dual
ligands was extracted from the study of criticakractions and the positioning of known selective
SEH inhibitors inside the catalytic domain of i@ Brotein structure. Consequently, this investmati
revealed that the substituted urea or amide meietiere found to be essential chemical entities
involved in these interactions and important fog thhole activity [40]. This was clear in several
reported sSEH inhibitors such as AR9281, AUDA andK@&6294. Additionally, some other
substituents including trifluoromethyl aniline, tgloexyl, adamantyl, piperidine and long chain dual
amine/fatty acid have been pointed as secondaryn@w@phoric moieties that significantly
contribute in the sEH potency [40]. Taking thesddbsi into our consideration, we have combined
the structural features of both COX-2 and sEH plaa@ophores into one hybrid scaffold as depicted

in Fig. 4.
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Fig. 4. The design strategy of our newly designed dual &A¥EH scaffold

2. Results and discussion:

2.1.Chemistry:

In the present study, the novel pyrazole-basedakeres were synthesized as representegicileme
1. The B-diketone2 was prepared by condensation of acetopherdoaed diethyl oxalate (Claisen
Condensation) as reported [44]. The (4-aminosuljopyenyl hydrazine hydrochlorided) was

obtained by diazotization of sulfanilami8efollowed by reduction of the diazonium salt with (1)



chloride [45]. The regio-selective cyclization pfdiketone 2 with hydrochloride salt of phenyl
hydrazine4 in ethanol to afford the 1,5-diarylpyazole compdunaccording to Knorr pyrazole
synthesis method was adopted [46]. The hydraziternrediate6 was furnished by reacting 1, 5-

diarylpyrazol esteb with hydrazine hydrate under reflux as reported.[4

Scheme 1:
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Scheme 1. The synthesis of compound 6. Reagents aedction conditions: a) Diethyl oxalate,
EtONa’, EtOH, rt, overnight; b) i. NaN& HCI, 0-5°C, ii. SnCl/ HCI, overnight, refrigerator; c)
EtOH, reflux, 12 h; d) NENH,.H,O, EtOH, reflux at 80C, 6 h (65%).

The acyl azid& was prepared by the reaction of hydrafideith in situ generated nitrous acid, then
simultaneously was undergone Curtius rearrangenasntoutlined inScheme 2 The Curtius
rearrangement allowed the intra-molecular trans&tion of acyl azid€ into isocyanate intermediate
8 through reflux in toluene. Consecutively, the isotate was treatad situ with aliphatic primary,
secondary amine or amino acids in the presenceyodlipe to obtain derivatives of urea. The
proposed chemical structure of these derivativesaoafirmed by their spectral data, whéfeNMR

of compounda was confirmed by the appearance of two single pedkwo NH at 9.00 and 6.69

ppm, in addition to the characteristic peaks oflayexyl at ranged 1.17-3.55 ppm**C NMR



spectrum showed signals &t22.99, 23.77, 33.17, and 48.17 ppm assigned tocliaeacteristic

cyclohexyl carbons.
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Scheme 2. The synthesis of compounds 9a-9f. Reageahd reaction conditions:a)
NaNQ,/ HCI, 0-5 C; b) Toluene, reflux at 110-12&, 0.5h; c) appropriate amine,
pyridine, reflux, 24 h (51-63%).

Regarding the amide derivativekla-f, they were synthesized through the formation of th
corresponding acyl chlorides. The acid of pyrazZiflevas synthesized through ester saponification
by heating with KOH in methanol [48] followed bye#ating with thionyl chloride under reflux in the

presence of drops of dimethylformamide for 3h. ifkm@e condensation reaction was undergone
between the reactive intermediates acyl chlorided @different amines to afford the target 1, 5-

disubstituted pyrazol-3-carboxamidda-f as described irscheme 3 The postulated compounds
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were confirmed by their IR, NMR and mass spectedhdEvidence for the formation of compounds
11a-f was supported byH NMR spectrum and revealed the characteristic pezfkthe attached
amine at their specific signal$H NMR of compoundllc showed the characteristic peaks of
triflouromethyl aniline ab 8.01-7.24 ppm in addition of another peak 40.16 ppm attributed to the
amide NH group where it disappeared upon deuterafitso, >°C NMR revealed the peak of amide

at 160.53 ppm.

Scheme 3:
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Scheme 3. The synthesis of compounds 1la-11f.Reageand reaction conditions:a)
KOH, MeOH, reflux at 65C, 12 h; b) i. SOG| DMF, reflux, 3h ii) appropriate amine,
TEA, CHyCly, rt, overnight (45-85%).

2.2. Pharmacology:

2.2.1.In vitro COXs/sEH assays:

Evaluation of all synthesized compounds for theirvitro inhibition of human COX-1/COX-2
enzymesausing enzyme immunoassay (EIA) kits and human sityree using a cell-based assay kit
was carried out by measuringsfEThe concentration causing 50% enzyme inhibitiddyreover, in
case ofin vitro COX-IYCOX-2 assay, the selectivity of these compoundanisther efficacy index,
where it could be estimated as COX-15dCOX-2 ICs,. The obtained results of both sfCand
selectivity were listed as shown Fable 1 The tested compounds results showed good COX-2

inhibitory activity (IGo = 1.24-4.12uM) and selectivity index§l) values between 2.85 and 7.03

11



compared to celecoxib (= 0.95uM; Sl = 6.44) as selective COX-2 inhibitor referen©n the
other hand, all the compounds showed moderateitahjactivity against sEH with 1§ range 0.98—
4.00 nM comparing to AUDA (I6 = 0.49 nM) as a sEH inhibitor reference except bempounds
9b and9c which elicited good sEH inhibition with Kgof 0.55 and 0.40 nM respectively. Obviously,
the results revealed that the compounds posseasinga linker a-f) were more potent as selective
COX-2 inhibitors (IGy = 1.24-2.89uM range) and sEH inhibitors (¢ = 0.40-4.01 nM)
corresponding to amide linker as shown in compoutidsf (COX-2 1Gy = 2.05-4.12uM range;
SEH 1G5, = 1.15-2.38 nM). Moreover, compounéla-c showed the highest selectivity index among
the tested compounds towards COX-2 (in range d3-3.83) and the highest potency against sEH
with IC5p of 0.98-0.44 nM, in order of9c > 9b > 9a Obviously, 4-(1-phenyl-3-(3-(4-
(trifluoromethyl)phenyl) ureido)-H-pyrazol-5-yl)benzenesulfonamide (PTPUR) which possessed
a p-triflouromethyl anilinyl moiety directly attachet urea linker, was the most potent dual COX-
2/sEH inhibitor with (COX-2, 16, = 1.24uM; Sl = 7.03; SEH, 16 = 0.40 nM).

Table 1: In vitro COX-1\COX-2 and sEH inhibition results of the ngwlnthesized compoun@s-

f, 11a-f, celecoxib and AUDA as a reference drug.

Compound COX Inhibition ( IC 50 UM) Se|ectivity SEH inhibition

code Index® (ICso NM)®
COX-1 COX-2

9a 10.62 2.03 5.23 0.98+0.013
9b 11.85 1.85 6.41 0.55+0.009
9c 8.72 1.24 7.03 0.40+0.011
9d 10.1 2.89 3.49 1.74+0.025
%e 10.92 2.18 5.01 1.57+0.015
of 9.87 1.99 4.96 4.01+0.012
1lla 10.22 2.48 4.12 2.38+0.041
11b 8.99 2.15 4.18 1.15+0.029
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11c 9.12 2.05 4.45 1.21+0.011

11d 11.74 4,12 2.85 1.61+0.037

11le 10.54 3.04 3.47 3.31+0.037

11f 12.75 4 3.19 1.84+0.022
Celecoxib 6.12 0.95 6.44 261.14+15.1
AUDA 0.49+0.009

®Selectivity index was calculated by dividing CO}Gg, by COX-2 1Gy)
The values are the mearSEM (n = 3)

The reference drugs aralrtiost active compounds results were written il Bol

2.2.2. In vivo Evaluation:

2.2.2.1 Analgesic activity:
Acetic acid-induced writhing method [49] was apgli® evaluate the analgesic activity of all the
tested compounds. The efficacy of the targeted comgls was determined through calculating the
reduction in the number of acetic acid-induced himig episodes and hence detecting their potency.
The detected results were outlinedTiable 2 The results exposed that all the compounds ebhibi
moderate analgesic activity with % inhibition inetmumber of writhing range between 22.38-
65.67%, if compared to the reference drug, celdcanth 13.43%. Interestingly enough, compound
9c, the most potenin vitro dual COX-2/sEH inhibitor, elicited also the highesalgesic activity
among the rest of other compounds (% inhibitiorb=68 %; Potency = 4.88).

Table 2 Results of analgesic activity of the new comp@@®atf and1la-fusing acetic acid-induced

writhing assay in mice compared to celecoxib.

Compound  No. of writhes in 5-15 min

code after treatment 2 % Inhibiton ~ Potency’
(MeanzSE)

9a 23.50%0.2 29.85 2.23

9b 25.25+0.7 24.62 1.83

9c 11.50+0.6 65.67 4.88

9d 20.75x0.3 38.05 2.83
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9e 23.00+0.3 31.34 2.33

of 20.25+0.7 39.55 2.94
1lla 23.00+0.4 31.34 2.33
11b 12.50+0.4 62.68 4.66
1llc 19.25+0.4 42.53 3.16
11d 24.50+0.6 26.86 2
1lle 22.25+0.6 33.58 2.5
11f 26.00+0.6 22.38 1.66
Celecoxib 29.00+0.6 13.43 1
Control 33.50+0.8 -- --

®alues arggiven as mean + SE

®Potency are calculated according to equation ofatiee potency % = % of
inhibition of tested compound / % of inhibitioncaintrol X 100

Celecoxib and the most active compounds resulte watten in Bold

2.2.2.2. Anti-inflammatory activity:

The anti-inflammatory activity of the tested compdwas determined using carrageenan-induced rat
paw edema method [50]. The efficacy of the compsumds expressed as the decrease in edema paw
volume and calculated % edema inhibition (EI %grft, 3 and 5 h compared to standard celecoxib
drug, Table 3. The results elicited that all the compounds shibwéle range in edema inhibition
percentages after the three-time intervals 1, 35ahdurs. After 1 hour, all compounds showed weak
to moderate EI% in range 28.18-78.73% comparind witlecoxib 81.17%. Meanwhile, after 3
hours, ElI% of all compounds was increased to reacthe range of 57.18-95.82% in contrast to
celecoxib whose El% slightly increased to becom@&B%. Finally, after 5 hours, the increase in E1%
was continued to be recorded in the range of 698I5% in comparison with celecoxib which
showed EI% of 88.30%. Using 5 hours results asitariom for the comparison, all compounds
showed lower anti-inflammatory activity than celeido except compoundSa-c that showed the
highest EI% among all compounds in addition to a@té (EI% = 98.15-88.76% fdda-c El% =

88.30% for celecoxib). The aforementioned resubtsctuded that compour@k elicited the highest

14



anti-inflammatory activity among all the rest oketbcompounds with El % = 98.15 in comparison

with celecoxib El % = 88.30 at the same time ird&rv

Table 3 Results of anti-inflammatory activity of synthesdl compound®a-f and 11la-f using

carrageenan-induced rat paw edema model in ratpa@u to celecoxib.

Compound Change in payv vo!ume in (mm) Anti-inflarhmétgry activity
after drug digestion(xSEM) (Edema inhibition %)

code 1h 3h 5h 1h 3h 5h

9a 3.48+0.16  3.17+0.01 2.19+0.07 78.73 81.35 88.76
9b 0.08+6.18 0.31+1.08 0.11+1.21 62.22 92.02 93.79
9c 0.21+5.88 0.27+0.71 0.03+0.36  64.06 95.82 98.15
9d 0.16+10.81 0.60+6.84 0.35+4.92 33.92 59.76 74.74
9e 5.44+0.14 5.52+0.10 4.40+0.3 66.75 67.53 77.41
of 0.29+9.40 0.28+4.68 0.17+4.92 42.54 12.47 74.74
1lla 0.36+x11.28 0.27+7.28 0.22+4.92 31.05 57.18 74.74
11b 0.36+9.48 0.51+.3.99 0.760%3.08 42.05 76.53 84.19
11c 0.97+6.03 0.64+4.28 0.4202.58 63.14 74.82 86.76
11d 0.18+10.68 0.23%+6.18 0.09+5.87 34.72 63.65 69.87
1lle 6.73+0.31 7.28+0.35 5.34+0.16 58.86 57.18 72.59
11f 0.51+11.75 0.2145.76 0.19+5.87 28.18 66.12 69.87

Celecoxib 3.08+0.15 2.94+0.08 2.28+0.14 81.17 82.71 88.3
Control  0.24+16.36 17.00+0.28 19.48+0.26 ~- ~- =

The edema inhibition % is calculated accordingite following equation:

El(%) = (1-W/W,) x 100 where WWsymbolizedhe main increase in the tested compound
groups paw thickness and . \W8ymbolized the mean increase in control group paw
thicknesses.

The results analyzed by ANOVA (n = 4), P < 0.05enadl significant from the control.

Celecoxib and the most active compounds weteswin Bold

2.2.2.3. Cardiovascular Evaluation:
The possible cardiovascular risks of the most actiompound®b and9c was evaluated using the
celecoxib induced cardio-toxicity in rats as repdr{51,52]. The response of the heart towards the

tested compounds was expressed as the changecimebia@al parameters obtained from both sera
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including lactate dehydrogenase (LDH), troponiff4h), tumor necrosis factar-(TNF-a), creatine
kinase-MB (CK-MB), prostacyclin (P@land tissues including glutathione (GSH). Als@ $itudy of
changes of histo-pathological parameters of thduated compounds compared to celecoxib as a
reference standard was performed. All the obtaresdlts were shown ifable 4 and Fig. 4. The
results revealed that celecoxib administration csdl significant increase in the diagnostic
biomarkers of myocardial damage [53-8%]luding Tn-I, LDH and CK-MB levels, as compared t
normal control. Whereas, bo@b and9c exhibited a significant lowering in these biocheahievels
when compared to celecoxib treatment levels prgofhreir protective cardiovascular activity and
much less risks. Moreover, serum TMFa key player in the inflammatory response andliaar
depression [56], significantly increased after celgb treatment if compared to the control group,
unlike groups that administered the newly synthegsizompound8b and9c that showed remarkably

decrease in TNFk-concentration if compared to the celecoxib inducadlio-toxicity group.

Table 4: Results of serum TNE; Tn-l, LDH and CK-MB measurements @i, 9c and celecoxib.

TNF-a Troponine-I LDH CK-MB
Groups (pg/ml) (pg/mi) IU/L U/L
Normal 78.67+3.75 74+4.61 1536+100 16+2.3
control

Celecoxib  748.67+43.15  340+11.58 2091.3+99.8 95.33+4
9b 322+11.9 150+11.23 1585+74.5 22+4

9c 265.67+7.3° 108.67+2.60  1473.3+28.57 17+2.%

Data analyzed by one-way ANOVA followed by Bonfér®st to enable comparing
groups pairwise, (n = 6)Significantly different from normal control group p <

0.05."Significantly different from celecoxib group at <05.

Tissue GSH, the important antioxidant in cardiasues, remarkably decreased in the celecoxib
treated group confirming the previous studies whegorted that celecoxib in chronic administration

elevated the oxidative stress markers as lipid>peation and reduced GSH level through increasing
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the oxidative damage of the kidney [57]. On thet@ny, compound®b and9c restored heart GSH

level, where they significantly increased GSH Isev@mpared to celecoxib group as showhiq 4.

Meanwhile, PGJ plays an important role in cardiovascular hea[B8] especially its ratio to
thromboxane Ain blood, aghe most potent endogenous inhibitor of platelgregation, where the
decrease in PGlevelsindicates cardiomyopathy. In this regard, it wasnid that celecoxib anélb
significantly decreased P&levels, if compared to normal control, while corapd 9¢c was not
significantly different from the normal control. Foermore, each of the tested compounds

significantly increased Pglevel if compared to celecoxib, as showrkig. 5.

300

250

200

150

100

50

Normal Celecoxib 9b 9c

¥ PGI2 (pg/ml) ™ GSH (ug/g tissue)

Fig. 5. Cardic glutathione (GSH) content and serum prgstac (PGbL) level in different
groups. Data analyzed by one-way ANOVA followedBonferroni test to compare groups
pairwise, (n = 6)Significantly different from normal control groug p < 0.05."Significantly

different from celecoxib group at p < 0.05.
Interestingly, histo-pathological studies revealeat the heart section obtained from rats exposed t
celecoxib showed severe hemorrhage and edema Imetwascle bundles (B). While the heart
sections obtained from rats expose®n(C) showed mild to moderate congestion and edema i

myocardium blood vessels and in coronary artergoAlhe heart sections obtained from rats exposed
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to 9c¢ (D) showed mild decongestant and mild edema odiaablood vessels and showed more or

less normal muscle bundles, as showRiq 6.

A 7

<
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Fig. 6. Routine hematoxylin and eosin (H&E) stained sextiof the left ventricle in animals’ groups
where (A) Control group; (B) Celecoxib administergobup; (C)9b administered group; (dc
administered group. (Routine hematoxylin and e@id&E) stained; 200x). Figure (A) shows normal
myocardium. Figure (B) shows sever hemorrhage ae®ma between muscle bundles. Figures (C)
and (D) show mild to moderate congestion and edarttee myocardium.

2.3. Molecular Docking:

The current study was accomplished to recognize attévity of the newly synthesized urea
disubstituted-1,5-diarylpyrazole derivatives anawnsome structural perceptions inteeir binding
manners and probable interactions with sEH enzykseordingly, some active derivativgSa, 9c,

1llaandllc)in addition to some other inactive on@®g (9f and11e) for comparison, were docked

into the active sites of sEH using LigandFit emhkastich the Discovery Studio software (San Diego,
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USA). The 3D crystal structure of seH (PDB ID: 1Y% complex with CIU781, respectively, were

used for this docking simulation study [59,60]. T4rino acid residues within a distance of 8 A
around the sEH co-crystallized ligands in the a&ctpocket were isolated and the potential
interactions and ligands orientation were inspecldw overlay of the top docking poses into seH
protein binding pocket was presented-ig. 7, where the pose3a, 9¢, 11a 11candAUDA showed

good shape complementarity with the active sitektfl enzyme.

Fig. 7. Overlay of the top docked pos®sg, 9c 11a 11cand AUDA as a reference ligand into the
sEH binding pocket (PDB code: 1VJ5); sEH proteirrdapresented as: (A) Solid surface colored
according to atom charges; (B) Secondary strudisgayed in a flat ribbon style.

It was reported that the catalytic pocket of sElHstsis of three main amino acids; Asp333, Tyr381,
Tyr465, which are responsible for the activity bé tenzyme [59-61]. Therefore, it always noticed
that a network of hydrogen bonds formed betweenutlea or amide moieties in the potent sEH
inhibitors and these important amino acids insite hydrolase catalytic pocket. In doing so, the
inspection of the docking results of the activeivddives 9a, 9c and 11c showed that they all fit
precisely inside the active site engaging somerant®ns including hydrogen bonds amer
stacking. In general, it was found that the topkadcposes adopted a common binding pattern and
orientation where the phenyl-bearing sulfonamidedetyoin the three compounds aligned towards

His523, Trp524, Val415 and Leu416 amino acids ressdwhile the phenyl-bearing trifluoromethyl
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group was extended towards Trp334, Met337, llu37@l #he379 residues forming some
hydrophobic interaction$ig. 8(A-C). Their noticeable potency against SEH enzyme megtly due

to the obvious similarity between the binding patseof these derivatives. It was conceptualized tha
the number and type of these interactions coulda@xphe variation between these ligands in their
potency. Compoun®c was the most active derivative (= 0.4 nM) where it involved in the
highest number and types of interactions. It forriveel different H-bonds; one between the carbonyl
oxygen of urea moiety and Try381, two between NHirea and Asp333, one between the NH of the
pyrazole ring and Try464 and the fifth between Mid, of the sulfonamide group and Leu416
residue. In addition, severaln stacking between pyrazole ring and imidazole &f32B residue and
two others between phenyl-bearing sulfonamide &edindole heterocycle of Trp524 amino acid,
Fig. 8(A). The decrease in the activity ® (ICso = 0.98 nM) compared witBc could be explained
by the absence of some interactions such as H-botldLeau416 andt-nt stacking with Trp524
residue,Fig. 8(B). However, the amide derivativdd.c showed the least activity (§¢= 1.2 nM)
between the most active ones due to the sharp tredua the number of interactions despite of
adopting a similar orientation. The replacemenuda moiety with an amide one resulted in the

absence of an important H-bond with Asp333 in @Rlgtic active site of SEH enzymieig. 8(C).
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His523 His523

Asp333 Asp333
Leud498 Leud498 .
Trp334 Trp334
65
Leud16 Leud16
Met418 Phe379 Met418 Phe379
Tyr465 Tyrd65
Tyrast GIn382 Tyras1 GIn382
His523 His523
Asp333
Loudos -. Yousgs P23

Leud16 Leud16

Met418 Phe379 Met418 Phe379
Tyr465 Tyr465

GIn382
Tyr3s1 Tyras GIn382

Fig. 8. (A) Docking and binding pattern of compou8d (green) into catalytic active pocket of SEH
enzyme (PDB code: 1VJ5); (B) Docking and bindingtgra of compoun®a (orange) into catalytic
active pocket of sEH enzyme; (C) Docking and bigdpattern of compoundlc (violet) into
catalytic active pocket of sEH enzyme; (D) The sumpposition of9a and9c docked poses within
the catalytic active pocket of SEH enzyme. The posere rendered as ball and stick modelx
Interactions were represented as orange solid kyerogen bonds were represented as dashed

orange lines. All hydrogens were removed for theppses of clarity.

Moreover, the analysis of the docking results @& thactive compound8f and 11e into the sEH
active pocket specified that these two ligands eshaa completely opposing orientation and
dispositioning compared with the previously docleetive derivative¢9a, 9¢, 11aandl1c), Fig. 9

(A and B). It was found that the phenyl-bearing sulfonamidee was located near Trp334, Met337,
lu373 and Phe379 residues causing some bulkireflested in the sharp decrease in activity as in

compound 9f which showed the least potency {{C= 4.01 nM). While, the phenyl-bearing
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trifluoromethyl directed towards His523, Trp524, |4 and Leu416 amino acids residuggy.
9(A). Moreover, amide derivativeleadopted a similar orientation to that3fwith a slight increase
in activity (IGso = 3.31 nM) noticed with increasing the carbon sith@in lengthFig. 9(B). The
docking study was compatible with tirevitro assay results, proving that hybridization betwien
urea or amide sEH pharmacophoric moiety and thfersainide-bearing diarylpyrazole COX-2 core
are good leads for further optimization.

[A] (28 (6] [

Asp333 Asp333
Leud498 Leu498

Trp334

Leud16

Met418 Phe379 \ Met418 Phe379
Tyr465 Tyrd65

Tyras1 GIn382 Tyr3s1 GIn382

Fig. 9. (A) Docking and binding pattern of compoufdfl (magenta red) into the catalytic active
pocket of SEH enzyme (PDB code: 1VJ5); (B) Dockamgl binding pattern of compourdde (blue)
catalytic active pocket of sSEH enzyme. The posesewendered as ball and stick model. All

hydrogens were removed for the purposes of clarity.

2.4. Physicochemical parameters:

According to the great effect of physicochemicagarties of any compound on its bioavailability
and its possible druggability, computational prédic of the physicochemical properties of the
synthesized compounds has been performed on tle dfalsipinski's rule of five (RO5) [62]. The
chemo-informatic properties of the synthesized coumgls were predicted using Molinspiration tool
[63,64] and outlined inTable 5. All synthesized compounds exhibited good oralab&lability
because all of them showed no or only one violaftom Lipinski's rule except two compoun€le
and 11f. Moreover, calculated absorption (%ABS) complibd ability of the compounds to elicit

promising pharmacokinetic properties, where %AB&iging from 55-72%.
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Table 5. Calculated absorption, polar surface area and skpiparameters of the target compounds
9a-fandlla-f

Compound %ABS* tPSA® Nroth® NON nOHNH miLogP MW  nviolations

<1 <5° <5 <500 <1
%a 679 119.12 5 8 4 3.56  439.54 0
9 679 119.12 5 8 4 458  491.62 0
9 67.9 119.12 6 8 4 425  501.49 1
9d 61.86 136.63 7 10 3 292  497.58 0
9e 55.04 156.41 15 10 5 4.98 541.67 3
of 55.04 156.41 8 10 5 1.45  443.49 1
11a 72.06 107.09 5 7 3 3.37 42453 0
11b 72.06 107.09 5 7 3 438  476.6 0
11c 72.06 107.09 6 7 3 405  486.48 0
11d 66.01 12461 7 9 2 272 48256 0
1le 59.19 14439 15 9 4 478  526.66 3
11f 59.19 14439 8 9 4 1.25  428.47 1

%% ABS: Calculated absorptiorftPSA: Topological polar surface arednrotb: Number of
rotatable bonds”nON<10: Number of hydrogen bond acceptors less thaecural to 10 and
*nOHNH<5: Number of hydrogen bond donors less than or Emua.

3. Conclusion:

Novel series of 1,5- diarylpyrazole series of uieked Qa-f) and amide linked1(la-f) compounds
were designed, synthesized and evaluated as dodlitors of both COX-2/sEH enzymes in an
attempt to preserve the preferred pharmacologicaVity of the selective COX-2 inhibitors with
avoiding their serious associated cardiovascuti sffects through sEH inhibition. Thevivo andin
vitro biological results revealed that compo8wl which possessegtriflouromethyl anilinyl moiety
directly attached to a urea linker, was the mos¢modual COX-2/sEH inhibitor (COX-2 Yg= 1.24
uM; Sl = 7.03; seH IGg = 0.40 nM) and showed the high&stvivo activities as analgesic (65.67%
writhing inhibition) and anti-inflammatory (98.15%dema inhibition) agent, followed by compound

9b, which elicited good COX-2/sEH inhibition (COX-Z4y = 1.85uM; Sl = 6.41; sEH IG, = 0.55
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nM) and high anti-inflammatory activity (93.79% Hda inhibition). Regarding the cardiovascular
system evaluation, the results were consistent Bathin vivo andin vitro inhibitory activities values
that affirmed the good activities of compouBd affording a perfect cardio-protection and less
cardiovascular liabilities, in contrast to the stilee COX-2-induced cardiotoxicity. This was proved
via decreasing the cardiac diagnostic biomarkemsycardial damagecluding Tn-I, LDH and CK-
MB level, consort with increasing in the antioxitl@momarker GSH, and the anti-platelets aggregation
agent PGllevels. The aforementioned results revealed thaipound9c, named 4-(1-phenyl-3-(3-(4-
(trifluoromethyl)phenyl)ureido)-1H-pyrazol-5-yl)beanesulfonamide (PTPUP), could be considered
as a promising candidate with potent dual COX-B/skhibitory activities to be further developed as
a safe anti-inflammatory/analgesic lead attendiith significant less cardiovascular risks than entr

selective COX-2 drugs.

4. Experimental protocols:

4.1.Chemistry:

All chemical reagents and solvents were procurechfcommercial suppliers and were utilized with
no further purification. Melting points were unaected and were implemented by open capillary
tube methods using IA 9100MK-Digital melting poepparatus. Elemental analysis was performed
at the micro-analytical center at the regional eeribor mycology and biotechnology, Al-Azhar
University. Infrared spectra were reported on Brukd-IR spectrophotometer Vector 22 and
recorded in wave number (€husing KBr discs at the micro-analytical centeactity of Science,
Cairo University’H NMR and™C NMR spectra were executed with Bruker APX400 speteter at
400 MHz and 101 MHz, respectively in the specifsaiivent at the Faculty of Pharmacy, Beni-Suef
University. The chemical shifts were outlined oe éhscale and values were recorded in Hz. Mass
spectra were reported on Finnegan MAT, SSQ 700&sMaectrometer, at 70 eV (El) at the micro-
analytical center, Faculty of Science, Cairo Ursitgr Thin layer chromatography (TLC) was carried
out using Macherey-Nagel Alugram Sil G/UV254 siligal plats and Petroleum ether-ethyl acetate

(6:4) as the eluting system.
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1-phenyl-5-(4-sulfamoylphenyl)-1H-pyrazole-3-canpoazide 7. A solution of NaNQ@ (0.87 g, 1.0
mmol) in cold water (3 mL) was added to a cold 8ol (0-5°C) of hydrazides (0.357 g, 1.0 mmol)
in acetic acid (6 mL), 1IN HCI (3 ml), and water (88.). The reaction mixture was allowed to be
stirred at 0-5 °C for 15 min followed by extractiovith ethyl acetate (30 mL) producing yellow
syrup. The formed yellow syrup was washed with c&8d NaHCQ, H,O, dried over anhydrous

NaSO, and used in the next step without purification.

General procedure A for synthesis of compounds (98f): The acyl azider (0.78 g, 2.14 mmol)
was dissolved in anhydrous toluene (5 mL) and theure was exposed to heating under reflux for 1
hour under M After completion of the reaction, the reactiorxtare was allowed to cool to room
temperature followed by addition of the appropriatene (2 mmol) in the presence of pyridine. The
mixture was heated under reflux for 24 hours subsetly pouring onto ice/lD containing few
drops of conc HCIl. The compound was extracted vathyl acetate, drying over anhydrous
magnesium sulfate followed by purification of thesulted residue by column chromatography using

petroleum ether to ethyl acetate gradient to ¢hedinal compound9a-9fin good yields.

4-(3-(3-cyclohexylureido)-1-phenyl-1H-pyrazol-5bghzenesulfonamid@a. General procedure A,
as white solid (54%); m.p. 215°C. IR (¢Jn 3415 (NH), 3100 (CH aromatic), 2929 (CH aliphjpti
1660 (NHCONH), 1510 (C=N), 1339, 1161 ($®,). '"H NMR (400 MHz, DMSOs): & 9.00 (s,
1H, NH exchangeable with-)D), 7.77-7.79 (dJ = 8 Hz, 2H, Ar-H), 7.41-7.43 (m, 5H, 3 H of Ar-H
and 2H of SGNH, exchangeable with J® ), 7.35-7.37 (m, 2H, Ar-H), 7.27-7.29 (m, 2H, A);
6.69 (s, 1H,_NH exchangeable with@), 6.59 (s, 1H, Pyrazolyl-H), 3.55 (m, 1H, -NHCHEH
1.81-1.83 (m, 2H, -CHCH(H)CH), 1.61-1.70 (m, 2H, -CHCH(H)CH), 1.51-1.55 (m, 2H, -
(CH2)2CHy(CHy),-), 1.17-1.35 (m, 4H, -CHCH,CH,CH-).**C NMR (101MHz, DMSOdg): & 160.5,
148.2, 145.2, 144.9, 143.9, 142.0, 131.9, 129.9,(1A26.1, 125.5, 108.8, 48.2, 32.8, 25.6, 25.8. M
(EI): mz 439 (M'). Anal. Calcd. For &H»sNs503S: C, 60.12; H, 5.73; N, 15.93. Found: C, 59.95; H,

5.88; N, 16.12.
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4-(3-(3-adamantylureido)-1-phenyl-1H-pyrazol-5-jknzenesulfonamidéb. General procedure A,
white solid (53%); m.p. 265°C. IR (¢t 3387 (NH), 3278 (CH aromatic), 2904 (CH aliphatic),
1678 (NHCONH), 1339, 1161 (SBH,), 1508 (C=N)‘H NMR (400 MHz, DMSOsdq): 5 8.88 (s,
1H, NH exchangeable with D), 7.77-7.79 (dJ = 8 Hz, 2H, Ar-H), 7.69-7.72 (s broad, 1H, NH
exchangeable with {©), 7.41-7.43 (m, 5H, 3 H of Ar-H and 2H of @0+, exchangeable with IO

), 7.33-7.36 (m, 2H, Ar-H), 7.27-7.29 (m, 2H, Ar;H.58 (s, 1H, Pyrazolyl-H), 2.02-2.05 (m, 3H, -
(CHy)2CH(CH,)>-), 1.90-1.89 (m, 6H, -NHCCH), 1.65-1.59 (m, 6H, -CHC}H-). °C NMR
(101MHz, DMSO¢k): 6 153.5, 143.4, 142.4, 142.2, 130.3, 129.3, 12&89,2] 127.1, 124.6, 119.6,
99.9, 50.4, 42.1, 36.5, 29.M1S (El): mZz 491 (M"). Anal. Calcd. For &H-oNsO3S: C, 63.52; H,

5.95; N, 14.25. Found: C, 63.81; H, 6.08; N, 14.37.

4-(1-phenyl-3-(3-(4-(trifluoromethyl)phenyl)ureiddH-pyrazol-5-yl)benzenesulfonamidix.General
procedure A, yellow solid (63%); m.p. 278°C. IR (®m3371 (NH), 3167 (CH aromatic), 1689
(NHCONH), 1330, 1161 (SH,), 1508. (C=N).*H NMR (400 MHz, DMSO#dg): § 10.13 (s, 1H,
NH exchangeable with @), 9.77 (s, 1H, NH exchangeable with@), 7.88-7.90 (dJ = 8 Hz, 2H,
Ar-H), 7.59-7.61 (dJ = 8 Hz, 2H, Ar-H), 7.51-7.54 (m, 3H, Ar-H), 7.4344 (m, 4H, 2H of Ar-H
and 2H of SGNH, exchangeable with 1), 7.34-7.36 (m, 2H, Ar-H), 7.18 (s, 1H, Pyrazet),
7.16-7.17 (m, 2H, Ar-H) *C NMR (101MHz, DMSOdg): & 159.9, 144.3, 144.1, 144.0, 130.8,
129.9, 129.5, 129.3, 129.3, 127.4, 126.6, 126.8,412126.2, 125.9, 120.7, 109MS (EI): mZz 501
(M™). Anal. Calcd. For gH1gF3NsO3S: C, 55.09; H, 3.62; N, 13.97. Found: C, 55.243t81; N,

14.15.

Ethyl 1-((1-phenyl-5-(4-sulfamoylphenyl)-1H-pyra3eyl)carbamoyl)piperidine-4-carboxylatedd.
General procedure A, buff solid (57%); m.p. 189 M.(cm): 3414 (NH), 3100 (CH aromatic),
2930 (CH aliphatic), 1720 (COOGHH3), 1630 (NHCONH), 1508 (C=N), 1338, 1161 ($ibi,).
'H NMR (400 MHz, DMSO#ds): & 9.42 (s, 1H, NH exchangeable withd@), 7.77-7.79 (dJ = 8 Hz,
2H, Ar-H), 7.41-7.43 (m, 5H, 3 H of Ar-H and 2H 8O,NH, exchangeable with ® ), 7.35-7.37

(m, 2H, Ar-H), 7.27-7.29 (m, 2H, Ar-H), 6.59 (s, 1Ryrazolyl-H), 4.03-4.09 (m, 4H, 2H of GEH;
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and 2H of -NCH(H)CH), 2.93 (m, 1H, -NCH(H)CH#), 2.60 (m, 1H, -NCH(H)CH), 2.25 (m, 1H, -
CH,CHCO-), 1.77-1.92 (m, 2H, -CHGEH,-), 1.51-1.56 (m, 2H,-CHC}CH,-), 1.17-1.20 (tJ = 6
Hz, 3H, -CHCHz-). *C NMR (101MHz, DMSOdy): § 174.4, 161.7, 148.3, 144.0, 143.7, 142.0,
129.5, 129.3, 129.3, 129.2, 127.2, 126.0, 110.45,668.2, 29.1, 28.2, 14.MS (EI): m/z 497 (M).

Anal. Calcd. For gH1sNsOsS: C,58.69; H5.71; N,13.69. Found: C, 58.90; H, 5.73; N, 13.84.

11-(3-(1-phenyl-5-(4-sulfamoylphenyl)-1H-pyrazojdireido)undecanoic  acid 9e  General
procedure A, white solid (63%); m.p. 245 °C. IR {§m3400-2500 (COOH), 3035 (CH aromatic),
2970 (CH aliphatic), 1697 (C=0), 1630 (C=0), 15@4K), 1334, 1161 (SfNH,). 'H NMR (400
MHz, DMSO-): 6 9.08 (s, 1H, NH exchangeable with@, 7.77-7.79 (dJ = 8 Hz, 2H, Ar-H),
7.41-7.43 (m, 5H, 3 H of Ar-H and 2H of 9dH, exchangeable with J® ), 7.36-7.38 (m, 2H, Ar-
H), 7.27-7.29 (m, 2H, Ar-H), 6.66 (s, 1H, NH excheaable with DO), 6.59 (s, 1H, Pyrazolyl-H),
3.09-3.14 (m, 2H,-NHCHCH,-), 2.16-2.19 (m, 2H,-CHCH,COOH), 1.44-1.50 (m, 4H, 2H of -
CH,CH,CH,COOH and 2H of -NHChCH,CH,-), 1.26-1.28 (m, 12H, -C#H,CH,-). **C NMR
(101MHz, DMSO¢): 6 175.1, 163.2, 154.9, 150.8, 143.6, 142.4, 14238,3, 129.3, 128.9, 127.0,
124.7, 99.9, 34.2, 30.1, 29.4, 29.3, 29.2, 29.08,285.0MS (El): m%z 541 (M). Anal. Calcd. For

Co7H3sNs05S: C, 59.87; H, 6.51; N, 12.93. Found: C, 60.046181; N, 13.19.

4-(3-(1-phenyl-5-(4-sulfamoylphenyl)-1H-pyrazol{piyeido)butanoic acid®f. General procedure A,
white solid (51%); m.p. 245 °C. IR (¢h1 3500-2800 (COOH), 3367 (NH), 3070 (CH aromatic),
2929 (CH aliphatic), 1693 (COOH), 1589 (NHCONH)125C=N), 1334, 1161 (S8H,). *H NMR
(400 MHz, DMSOsdg): 6 10.12 (s, 1H, COOH exchangeable withA) 9.75 (s, 1H, NH
exchangeable with {©), 7.88-7.90 (dJ = 8 Hz, 2H, Ar-H), 7.59-7.61 (d, = 8 Hz, 2H, Ar-H), 7.50-
7.52 (m, 2H, Ar-H), 7.43-7.44 (m, 3H, 1H of Ar-H &2H of SONH, exchangeable with ),
7.34-7.36 (m, 2H, Ar-H), 7.18 (s, 1H, Pyrazolyl-H)16 (s, 1H, NH exchangeable with@), 3.17
(m, 2H, -NHCHCH;,), 2.27 (m, 2H, -CHCH,COOH), 1.24 (m, 2H, -CKCH,CH,-). **C NMR

(101MHz, DMSOsg): 6 208.0, 154.4, 154.2, 149.5, 143.6, 142.6, 14238,2, 129.3, 129.3, 127.1,
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125.1, 100.5, 61.0, 28.5, 14.9. MS (Ef)Zz 443 (M. Anal. Calcd. For @H»:NsOsS: C, 54.17; H,

4.77; N, 15.79. Found: C, 54.37; H, 4.89; N, 16.01.

General procedure B for preparation of compounds 14-11f A solution of estes (0.37g, 1
mmol) in methanol was treated with KOH (0.11 g, @aot) and heated under reflux for 12 hours. The
mixture was acidified with 1IN HCI after cooling tmom temperature. The solvent was then
evaporated to give buff solid that recrystallizedni methanol to furnish the desired compound
(0.33g, 97% vyield) as reported [48]. To a suspmnsif acid (0.342 g, 1mmol) in GBI,, 2 mL of
SOCL was added and heated under reflux for 3 hourspdation the solvent was carried out under
vacuum to give a residue of the corresponding eldgride that utilized in the following step withiou
purification. To a solution of acyl chloride in GEl,, few drops of trimethylamine were added
followed by appropriate amine (1 mmol) and was leftler stirring at room temperature overnight.
The solvent was evaporated, washing the residue water, extraction with ethyl acetate followed
by drying on anhydrous MgSO Purification of the obtained residue was carried loy column
chromatography technique using hexane and ethyhi@cB:2) to afford the final compoundda-

11fin good yields.
to afford the titled compound.

N-cyclohexyl-1-phenyl-5-(4-sulfamoylphenyl)-1H-moke-3-carboxamidéla General procedure B,
white solid (85%); m.p. 240 °C. IR (¢t 3390 (NH), 3132 (CH aromatic), 2931 (CH alipbjti
1643 (CONH), 1323, 1161 (SNH,), 1550 (C=N)*H NMR (400 MHz, DMSOs): 5 8.06-8.08 (m,
1H, Ar-H), 7.86-7.88 (dJ = 8 Hz, 2H, Ar-H), 7.51-7.57 (m, 4H, 2H of Ar-H @2H of SQNH;

exchangeable with {@), 7.41 (m, 3H, 2H of Ar-H and 1H of NH exchangeabith D,0O), 7.30-7.31
(m, 2H, Ar-H), 7.04 (s, 1H, Pyrazolyl-H), 3.78 (mMH, -NHCHCH-), 1.72-1.82 (m, 4H, -
NHCH(CH,).CH,-), 1.61-1.63 (m, 2H, -(CHLCHx(CH,)2-), 1.29-1.39 (m, 4H, -CHCHH,CH;-).

13C NMR (101MHz, DMSOdg): & 160.6, 148.5, 144.9, 143.9, 142.1, 129.6, 1299.3D 129.2,

28



127.1, 126.3, 108.8, 48.2, 32.8, 25.6, 25.4. M3: (B 424 (M’). Anal. Calcd. For GH24N405S C,

62.24 H, 5.70; N, 13.20. Found: C, 62.39; H, 5/8313.13.

N-adamantyl-1-phenyl-5-(4-sulfamoylphenyl)-1H-pwlaz3-carboxamidellb. General procedure
B, white solid (45%); m.p. 198 °C. IR (¢th 3305 (NH), 3070 (CH aromatic), 2908 (CH aliphatic),
1666 (CONH), 1334, 1161 (SNBH,), 1504 (C=N)H NMR (400 MHz, DMSO¢): 5 7.88-7.90 (d,
J=8Hz, 2H, Ar-H), 7.55-7.62 (m, 3H, 2H of Ar-H@&iH of NH exchangeable with,D), 7.52 (s,
2H, SOQNH; exchangeable with @), 7.40-7.41 (m, 3H, Ar-H), 7.30-7.31 (m, 2H, A)H.09 (s,
1H, Pyrazolyl-H), 1.92-2.01 (m, 6H, -NHCGH, 1.82 (m, 6H, -CHCBKCH-), 1.71 (m, broad 2H, -
CH,CHCH,-), 1.57-1.60 (m, 1H, -CHCHCH,-). °C NMR (101MHz, DMSOd,): § 160.6, 148.2,
145.2, 143.9, 142.0, 129.5, 129.3, 129.2, 127.8,22125.9, 108.8, 53.5, 37.2, 31.9, 2’M& (EI):
mz 476 (M'). Anal. Calcd. For gH2sN4OsS C, 65.52 H, 5.92; N, 11.76. Found: C, 65.80; 1976

N, 11.89.

1-phenyl-5-(4-sulfamoylphenyl)-N-(4-(trifluoromeliphenyl)-1H-pyrazole-3-carboxamide  11c
General procedure B, yellow solid (65%); m.p. 125 R (cni'): 3302 (NH), 3070 (CH aromatic),
1666 (CONH), 1504 (C=N), 1334, 1161 ($01,). *H NMR (400 MHz, DMSOds): § 10.61 (s, 1H,
1NH exchangeable with D), 8.10-8.08 (dJ = 8 Hz, 2H, Ar-H), 7.91-7.89 (d, = 8 Hz, 2H, Ar-H),
7.75-7.72 (d,J = 8 Hz, 2H, Ar-H), 7.61-7.63 (d) = 8 Hz, 2H, Ar-H), 7.52 (m, 2H, S8H,
exchangeable with f®), 7.43-7.44 (m, 3H, Ar-H), 7.35-7.36 (m, 2H, A);H .24 (s, 1H, Pyrazolyl-
H). 3%C NMR (101MHz, DMSOdg): 6 160.5, 147.8, 145.4, 145.1, 144.3, 142.7, 14129,6], 129.3,
129.3, 129.2, 127.2, 126.6, 126.4, 126.3, 120.9,4.0MS (El): m/Z 486 (M"). Anal. Calcd. For

Cz3H17F3N4OgS C, 56.79 H, 3.52; N, 11.52. Found: C, 56.96; .FﬁlSN, 11.80.

Ethyl  1-(1-phenyl-5-(4-sulfamoylphenyl)-1H-pyraz8learbonyl)piperidine-4-carboxylate 11d.
General procedure B, yellowish brown solid (67%)pn256 °C. IR (cril): 3464 (NH of SQNH,),
3062 (CH aromatic), 2929 (CH aliphatic), 1708 (CQ3CHj3), 1597 (CON), 1489 (C=N), 1354,

1168 (SQGNH,). *H NMR (400 MHz, DMSOds): 5 7.88-7.90 (dJ) = 8 Hz, 2H, Ar-H), 7.51-7.53 (m,
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3H, Ar-H), 7.41(m, 4H, 2H of SH, exchangeable with J® and 2H of Ar-H), 7.32 (m, 2H, Ar-
H), 6.94 (s, 1H, Pyrazolyl-H), 4.39-4.45 (m, 2H, £CHHs), 4.03-4.09 (m, 4H, -NC}CH,-), 3.27-3.37
(m, 1H, -CHCHCO-), 2.93-2.99 (m, 2H, -CHGBH,-), 2.60-2.69 (M, 2H, -CHC}H,-), 2.44-2.51
(m, 3H, -CHCHz-). °C NMR (101MHz, DMSOde): & 174.3, 161.9, 148.3, 144.0, 143.7, 142.0,
129.5, 129.4, 129.3, 129.2, 127.2, 126.0, 110.4,666.2, 28.2, 28.1, 14.5. MS (Eijvz 482 (M").

Anal. Calcd. For @H26N4O3S C, 59.74 H, 5.43; N, 11.61 Found: C, 59.92; @75N, 11.83.

11-(1-phenyl-5-(4-sulfamoylphenyl)-1H-pyrazole-3bmxamido)undecanoic acidlle General
procedure B, yellow solid (67%); mp 158 °C. IR {§m3400-2650 (OH of acid3379 (NH), 3259
(CH aromatic), 2924 (CH aliphatic), 1708 (COOH),516CONH), 1338, 1161 (S@H,), 1566
(C=N).’"H NMR (400 MHz, DMSOd): § 8.33 (s, 1H, NH exchangeable with@), 7.85-7.87 (dJ =

8 Hz, 2H, Ar-H), 7.49-7.54 (m4H, 2H of Ar-H and 2H of SelNH, exchangeable with J®), 7.42-
7.40 (m,3H, Ar-H), 7.29-7.32 (m, 2H, Ar-H), 7.02 (s, 1H, Ryolyl-H), 3.23-3.28 (m, 2H, -
NHCH,CH,-), 2.16-2.19 (m, 2H,-CHCH,COOH), 1.44-150 (m, 4H, 2H of -GBH,CH,COOH and

2H of -NHCH,CH,CHy-), 1.24-1.39 (m, 12H, -C}¥H,CH,-). *C NMR (101MHz, DMSOds): &
175.1, 161.2, 148.4, 144.9, 143.9, 142.1, 129.6,512129.3, 129.2, 127.1, 126.2, 108.7, 34.3, 29.7,
29.4, 29.4, 29.2, 29.0, 26.9, 25.0. MS (Bfyz 526 (M™). Anal. Calcd. For GH3aN4OsS: C, 61.58;

H, 6.51; N, 10.64. Found: C, 61.89; H, 6.73; NAI1O.

4-(1-phenyl-5-(4-sulfamoylphenyl)-1H-pyrazole-3tmaxamido)butanoic  acid 11f.  General
procedure B, white solid (60%). m.p. 156 °C. IR (9nB421-2931 (OH of acid), 3332 (NH), 3182
(CH aromatic), 2931 (CH aliphatic), 1678 (COOH),825(CONH), 1512 (C=N), 1338, 1161
(SONH,). 'H NMR (400 MHz, DMSOsg): 5 10.27 (s, 1H, COOH exchangeable witfCD), 7.80-
7.82 (d,J = 8 Hz, 2H, Ar-H), 7.45 (dJ = 8 Hz, 2H, SEGNH, exchangeable with {® ), 7.38-7.41 (m,
5H, Ar-H), 7.29-7.30 (m, 2H, Ar-H), 6.76 (s, 1H,rByolyl-H), 4.13-4.18 (m, 2H, -NHCH), 3.60-
3.63 (m, 1H, -CH(H)COOH-), 2.34-2.37 (m, 1H, -CH@EOOH-), 1.43 (s, 1H, NH exchangeable
with D0 ), 1.23-1.25 (m, 2H,-C}¥H,CH,-). **C NMR (101MHz, DMSOde): 6 174.7, 159.1, 157.2,

155.2, 145.1, 140.2, 131.1, 129.4, 129.3, 127.6,7.20120.8, 115.7, 31.6, 25.0, 21.5. MS (Hf)z
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428 (M"). Anal. Calcd. For gH>0N4OsS C, 56.06 H, 4.70; N, 13.08. Found: C, 56.34; 874N,

13.29.

4.2. Biological screening:

4.2.1.In vitro Assay:

4.2.1.1. COXs inhibitory assay:

The inhibitory activity of the tested compounds iagh both COX-1 and COX-2 enzymes was
monitored using enzyme immunoassay (EIA) kits fr@ayman Chemical Company (catalogue
number 701070 and 701080, Ann Arbor, MI) accordimgnufacturer’s directions and as referenced
previously [65,66]. The assay depends on measuhagconcentration of PGE produced from
PGH,, via reduction with stannous chloride, throughyene immunoassay (acetylcholine esterase
competitive EIA) via a broadly specific antiseruhat linked to all the major PG compounds. The
yellow color, produced as a result of the reactbbounded reagent with Ellman’s reagent (contain
acetylcholine esterase substrate) after removal umbounded reagent, was determined
spectrophotometrically at= 412nm. Substantially, to the mixture of 960 pL of feufsolution (0.1

M Tris pH 8.0 containing 5 mM EDTA and 2 mM phenal)d COX-1/2 (10 uL) enzyme in presence
of heme (10 pL), a volume of 20 pL of compoundedfficonc of 1 uM) was added. The enzymes
were pre-incubated with the tested compounds famib at 37 °C before addition of 10 pL
arachidonic acid (100 mM). After 2 min, terminatiohthe COX reaction was carried out using 50
pL of IM HCI. The inhibitory activity and l§ were determined by performing the comparison

between the tested compounds and the various tamttdpations.

4.2.1.2. In vitro sEH Igy assay:

ICs0 values were determined using a cell-based asségnsyof 96-well format (41). Epoxy Flour 7, a
sensitive fluorescent substrate, was utilized tonitoo the activity of the enzyme through its
hydrolysis by sEH to the fluorescent 6-methoxy-phthaldehyde that could be monitored.{=

330 nm,kex = 465 nm). Briefly, the assay was carried out ulgfoincubation of 10 pl of compounds
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buffer or 10 pl of the AUDA solution to appropriateells. For positive control wells, 100 ul of the
10 ng/ml sEH positive control (substrate) was pregpdo two wells. Then, 200 pl of 6-methoxy-2-
Naphthaldehyde was added. Standards were prepaoged o corresponding wells of the black plate.
100 pl of the substrate solution was added to easlh except the standards, and the plate was
allowed to incubate at 37 °C for 30 minutes. Thféscent intensity of each well (excitation = 330

nm; emission = 465 nm) was read.

4.2.2.1n vivo Assays:

4.2.2.1. Analgesic screening:

Acetic-acid induced writhing method in mice was eawened for evaluation of the analgesic activity
of compound®a-f, 11a-f, as performed bkoster et al[49]. The randomly selected albino mice of
either sex (20-30g), were gained from animal housahda University, Beni-Suef, and were
subsequently distributed into 15 groups, 4 micéne@ne group was left as a control, while the other
group’s animals orally administered 10mg/kg of th&ted compounds and celecoxib, one hour before
induction of pain through intra-peritoneal injectiof 0.01mL/g of 0.6%v/v acetic acid. Observing
the animals was carried out after 5 min of inductad pain. Recording and counting the writhing
episodes including arching the back, protractiobady and stretching of hind limbs for 20 minutes

was recorded.
4.2.2.2. Anti-inflammatory screening:

Evaluation of the anti-inflammatory activity of theested compounds was carried out using
carrageenan-induced paw edema model that was ddiyn&Vinteret al. was used to evaluate [50].
The experiments were performed on albino rats thfeeisex weighing 120-150 g, obtained from
animal house, Nahda University, Beni-Suef. Ratsewaivided into groups of four animals after
housing in a stainless-steel cage, followed bypitmhibition of food, but not water 24 h before the
experiment. Caring and treatment of animals wergethout under the supervision of the Research

Ethical Committee of Faculty of Pharmacy, Beni-SUeiiversity. Around 3mLwater/rat was given
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through gastric inoculation to diminish the ederasponse variability. The tested compoufdsf,
11a-f and celecoxib were dissolved in 10% DMSO aqueoligtisn and then treated orally to the
groups at a dose of 50 mg/kg body weight. Coingdwith an injection of 10% DMSO aqueous
solution (v/v) into the control group of the rafdter 1 h, the animals were injected by 100 pL of
freshly prepared 1% carrageenan-sodium gel (sidarala, USA), into the sub-planter region of the
right hind paw for induction of paw edema. Verniatiper (SMIEC) was used to measure the right
and left hind paw of each rat immediately afteB1and 5 h of induction of inflammation. The left
hind paw was exploited as a control for determirthrgintensity of the inflammation in the right din
paw. The proportion of anti-inflammatory activityas outlined by calculating the reduction in edema

thickness induced by carrageenan.
4.2.2.3. Cardiovascular Evaluation:

The experiments were carried out on adult malenalbVister rats (170-200 g) obtained from animal
house, Nahda University, Beni-Suef as previoughpreed [51,52]. The animals were split into four
groups with six animals in each one after housihgamtrolled temperature 253€ with normal
light/dark cycles, where the applied protocol ofimg and treatment was approved by the Research
Ethical Committee of Faculty of Pharmacy, Beni-Suafversity, which is a member of the Egyptian
Network of Research Ethics Committees (ENREC) ah&thvfollowed the recommendations of the
National Institutes of Health (NIH) Guide for Caard Use of Laboratory Animals (NIH Publication
No. 8023, revised 1978). A suspension of the test@dpound®b, 9c and celecoxib in 1% tween in
saline was given orally to the groups at a doseritffkg body weight. Only one group received
saline to act as a control group. Administratiortred drugs was continued for 2 weeks and, on the
15" day, collection of the blood samples from thea-@trbital plexus vein of all rats were executed.
The clotting of the blood samples was carried aubam temperature followed by centrifugation at
1500 rpm for 10 min for serum separation. Stordgh@serum samples were performed at’@for
analysis of LDH, CK-MB, TNFz and cTn-l [67]. Subsequently, the animals weregifseed via

cervical dislocation and cautiously dissected. Tkarts were exposed through making an incision

33



along the thorax followed by washing with ice-caidrmal saline solution and dried with filter
papers. Afterward, the homogenized hearts werer@gtausing a homogenizer to prepare 25% w/v
homogenate in ice-cooled saline followed by cemgiation at 2000 rpm for 20 min afGt then
stored at -8%C for supplementary biochemical analysis of GSHr fhe histopathological study,

hearts were kept in 10% formal saline.

Rat Cardiac Troponin-I (cTn-I) ELISA kit was supdi by CusaBio, USA, with Catalog number
CSB-E08594r, detection range 31.25-2000 pg/ml, ctiete wavelength 450 nm, inter-assay
variability 10%, and intra-assay variability 8%. miar necrosis factor- alpha (TNE-ELISA kits
was obtained from Ray Biotech, USA (Catalog numBERTNFalpha-001C, detection range 25—
20,000 pg/ml, detection wavelength 450 nm, inted mtra-assay variability are lower than 10% and
inter-assay variability 12%). Prostacyclin (BGELISA Kit (OKEH02555) Lot# KC2119 was
supplied by Aviva Systems Biology, Corp. San Diegt§A. Detection range 31.2—2000 pg/ml,
detection wavelength of 450 nm. Lactate dehydrogeiiaDH) kit was purchased from SPINREACT
S.A.U. Spain. Detection wavelength of 340 nm. Gneakinase-MB (CK-MB) was obtained from
SPINREACT S.A.U. Spain. Detection wavelength 340. #h other chemicals and reagents used

were of analytical grade while celecoxib purchaage@elebrex 100 mg capsule.

The biochemical parameters were assayed as foldpwiroponin-1 (cTn-1)), Tumor necrosis factar-
(TNF-a), and Prostacyclin (Pglwere measured in serum using ELISA kits accordlintdpe reported
method [68-70]. While LDH and CK-MB levels weretelenined spectrophotometry according to
reported procedures [71,72]. The oxidative streaskers GSH was assessed in heart homogenates by

chemical methods, as previously described [73].

On the other hand, the histo-pathological study eaased out after solidification of the dried hisar
in 10% formalin solution in saline for subsequentparation of paraffin sections. Routine

hematoxylin and eosin (H&E) stain was used as raeat previously74,75].
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4.4. Physicochemical parameters:

Physicochemical parameters of all the compounds vpeedicted computationally using the
Molinspiration online property calculation toolKi83]. All the obtained results were outlined in
Table 4 expect for the percentage of absorption (%ABS} ties been calculated according to

the following equation %ABS = 109 - (0.345 x tPI84].
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Highlights

Two series of 1,5-diarylpyrazole linked to either urea moiety (9a-f) or amide moiety (11a-
f) were synthesized.

Novel compounds were evaluated in vitro against both COX-2/sEH targets.

In vivo screening of the anti-inflammatory and analgesic activity for the new synthesized
compounds was done.

Cardiovascular profile of the most active compounds 9b and 9¢ was examined.
Compound 9c exhibited the most anti-inflammatory/analgesic activity with safe

cardiovascular profile.
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