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a b s t r a c t 

Herein, two novel series of diaryl-1,2,4-triazole hybrid to amide conjugates ( 5a-e ) or urea conjugates 

( 10a-f ) have been synthesized followed by in vitro evaluation against cyclooxygenase-2/soluble epoxide 

hydrolase (COX-2/sEH) enzymes using ELISA enzyme assays. In vivo analgesic and anti-inflammatory ac- 

tivities for the new compounds have been carried out using the reported animal protocols. The prelim- 

inary results revealed that compounds 10e and 10c were the most active compounds against both COX- 

2/sEH enzymes (COX-2 IC 50 = 1.98 μM and 2.13 μM; sEH = 1.09 and 1.23 nM, respectively). Moreover, 

the in vivo screening assays confirmed their superiority compared to the other derivatives by exhibit- 

ing higher anti-inflammatory and analgesic activity (91.27 and 89.32% edema inhibition; 55.97–50.00% 

writhing inhibition, respectively) than celecoxib (88.30% edema inhibition; 13.43% writhing inhibition). 

Collectively, compounds 10e and 10c can be considered as promising dual COX-2/sEH inhibitors with 

expected less cardiovascular adverse effects affording good anti-inflammatory and analgesic leads for fur- 

ther optimization. 

© 2021 Published by Elsevier B.V. 
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. Introduction 

Inflammation is considered as the leading and permanent sign 

n several diseases, including atherosclerosis, auto-immune and 

everal other infectious cases [1] as well as age-related diseases 

hat were known as inflame-aging attributed tissue damage or de- 

eneration [2] . The current used treatment protocols for the in- 

ammatory conditions are based on the different mediators in- 

olved in the inflammation cascade such as vasoactive amines, 

rachidonic acid metabolites, cytokines, chemokines. Arachidonic 

cid is considered as the primary and important target in the in- 

ammatory treatment due to its role as a foundation stone in 

he phospholipid membrane in all mammalian cells. Moreover, 
∗ Corresponding author at: Department of Medicinal Chemistry, Faculty of Phar- 
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rachidonic acid acts as the precursor for the synthesis of numer- 

us inflammatory mediators mainly eicosanoids through mainly 

hree pathways: COX pathway, LOX pathway and CYP450 pathway 

 3 , 4 ]. Pharmaceutical researchers focused on those enzymes in the 

reatment ways of the inflammation. Consequently, a lot of drugs 

ave been produced with diverse biological effect including cele- 

oxib, rofecoxib and valdecoxib [5–7] as anti-inflammatory agents 

hrough COX pathway; Zileuton as the primary chosen drug against 

llergy [6–8] through LOX pathway and AUDA that regulate the in- 

ammation in the atherosclerotic lesions by CYP 450 pathway [9] . 

Non-steroidal anti-inflammatory drugs (NSAIDs) are the most 

roadly consumed drugs for relief of inflammation and pain 

hrough non-selective inhibition of both the “housekeeping” COX-1 

nd the “inducible” COX-2 enzymes. Unfortunately, many adverse 

ffects have been emerged including mainly gastro-intestinal tox- 

city bleeding and renal dysfunction accompanying with their ad- 

inistration [10] . Thus, subsequent attempts have been focused on 

he selective inhibition of COX-2 which lighten the research way to 

eserve COX-2-dependent therapeutic effects of NSAIDs with avoid- 
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Fig. 1. Examples of some arachidonic acid pathways inhibitors. 
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ng COX-1-dependant GI adverse effects. This approach received a 

ot of plaudits among both researchers and patients until the ex- 

losion of their adverse effect bombshell; the cardiovascular tox- 

city. That cardiovascular toxicity was tantamount the storm that 

urned the scales upside down, which leads to the withdrawal of 

ome coxibs from the market, e.g. rofecoxib in 2004 and valde- 

oxib in 2005 [ 11 , 12 ]. This defect was explained as a result of

he imbalance between prostacyclin (antithrombotic): thrombox- 

ne (prothrombotic) ratio in the vascular wall which in turn pro- 

oted platelet aggregation and atherosclerosis [13–15] . 

Much efforts and research have been exerted to overcome those 

dverse effects by many trials, including the use of NO 

–NSAIDs and 

se the combination with a low dose of aspirin to decrease the 

iosynthesis of platelets [ 16 , 17 ]. However, enthusiasm for targeting 

he COX pathway was minimized by their adverse effects. 

Until 1980, the flame of the challenge was lit once again by 

iscovering the third arachidonic acid metabolite pathway CYP 450 

hich released epoxyeicosatrienoic acid (EET) under the effect 

f epoxygenase enzyme CYP2J or CYP2C [ 18 , 19 ]. EET has many

iological effects, including vasodilation, anti-inflammatory, vas- 

ular smooth muscle relaxation, platelets anti-aggregation, pro- 

ngiogenic and protection of the cardiovascular disorders [20] . On 

he other hand, the hydrolase CYP4A enzyme generates 20-HETE 

hat known for its vasoconstriction effect [ 21 , 22 ]. Therefore, EET 

as been considered as a key target for treating cardiovascular 

iseases including stroke and hypertension [ 23 , 24 ]. Unfortunately, 

ET level decreases under the effect of soluble epoxide hydrolase 

sEH) due to their conversion into corresponding inactive dihydrox- 

eicosatrienoic acid (DHET) which in turn diminish their cardio- 

rotective effects. Constantly, to preserve the EET level, the sEH 

nzyme should be inhibited. 
Fig. 2. Examples of some du

2 
According to the aforementioned studies, hybridization of both 

OX-2/sEH inhibitors benefits could a valid approach for develop- 

ng novel drugs that preserve the anti-inflammatory activity of se- 

ective COX-2 without their cardiovascular side effects [25] . Conse- 

uently, the present work has been concerned with designing and 

ynthesis of novel therapeutic agents with more efficacy and less 

oxicity ( Fig. 1 ). 

Therefore, a panel of dual COX/sEH inhibitors has been 

iscovered as showed in Fig. 2 . PTUPB, (4-(5-phenyl-3-{3- 

3-(4- tri -fluoromethyl - phenyl )- ureido ]-propyl}-pyrazol-1-yl)- 

enzenesulfonamide, is one of the superior sEH/COX-2 dual 

nhibitors [26] . It is effective against many pathological con- 

itions including inflammation [26] , tumor growth/ metasta- 

is in murine lung cancer [27] , cardiovascular disorders [28] , 

etabolic syndrome and type-2 diabetes [29] . Recently, our 

esearch team has reported, for the first time, PTPUP, 4-(1- 

henyl-3-(3-(4-(trifluoromethyl)phenyl)ureido) −1H-pyrazol-5- 

l)benzenesulfonamide as a potent dual COX-2/sEH inhibitor 

ith good anti-inflammatory/analgesic activity attending with 

ignificant safe cardiovascular profile [30] . 

. Rational design 

Various diaryl 1,2,4-triazole derivatives were recently exhib- 

ted good selective COX-2 inhibitory activity [31–34] . For example 

ead compound I, 4-(1-(4-Chlorophenyl)-3-(methylthio)-1 H -1,2,4- 

riazole-5-yl)benzenesulfonamide, has elucidated equal potency in 

elective inhibition of COX-2 (IC 50 = 0.37 μM, SI = 0.018) refer- 

ing to celecoxib [35] . Furthermore, recent studies reported that 

he presence of urea/amide linker, which linked to secondary dif- 

erent pharmacophore, have been considered as essential groups 
al COX/sEH inhibitors. 
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Fig. 3. Strategy for design of target dual COX-2/sEH inhibitor. 
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or sEH inhibition [36] . In the present work, the pyrazole nucleus 

as replaced with as 1,2,4-triazole bioisostere nucleus linked to 

rea/amide moieties. In doing so, a set of novel 1,5-diaryl-1,2,4- 

riazole derivatives linked to urea/amide moieties have been syn- 

hesized and estimated biologically as dual COX/sEH inhibitors as 

epicted in Fig. 3 . 
3 
. Materials and methods 

.1. Chemistry 

All chemical reagents were of analytical grade and were con- 

umed without further purifications. Drying of the solvents was 
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arried out as followed in the literature when necessary. Following 

p the reactions and ensuring the purity of the compounds have 

een checked using thin-layer chromatography (TLC). TLC analy- 

is was proceeded using Macherey-Nagel Alugram Sil G/UV254 sil- 

ca gel plats in which their eluting system is Hexane-Ethyl acetate 

6:4). Determination of the melting points are carried out using IA 

100MK-Digital melting point apparatus where the obtained values 

re uncorrected. Elemental analyses for C, H, and N were achieved 

sing Perkin- Elmer 2400 analyzer (Perkin-Elmer, Norwalk, CT) at 

he mycology and biotechnology regional center at Al Azhar Uni- 

ersity, Egypt. Infrared spectra (IR) were recorded using a Bruker 

T-IR spectrophotometer Vector 22 in wavenumber (cm 

−1 ) from 

Br discs at the micro-analytical center, Faculty of Science, Cairo 

niversity. Chemical shifts of 1 H NMR and 

13 C NMR spectra were 

ecorded and J values were given in Hz using Bruker APX400 spec- 

rometer at 400 MHz and 101 MHz, respectively in the DMSO–

 6 at the Faculty of Pharmacy, Beni-Suef University. Mass spec- 

ra were verified using Finnegan MAT, SSQ 70 0 0, Mass spectrome- 

er, at 70 eV (EI) at the micro-analytical center, Faculty of Science, 

airo University. 

General procedure for the synthesis of compounds (5a-e) : 

Compound 4 (3.44 g, 10 mmol) was dissolved in acetic acid 

50 mL), followed by addition of the appropriate amine (10 mmol) 

nd heated under reflux for 3 h in presence of anhydrous sodium 

cetate. The reaction mixture was poured onto ice water (50 mL) 

fter cooling to room temperature affording precipitate which was 

ltered off. Recrystallized of the precipitate was carried out us- 

ng ethanol after washing with water giving the pure desired com- 

ound 5 . 

4-(5-phenyl-1-(4-sulfamoylphenyl) −1H-1,2,4-triazole-3- 

arboxamido)butanoic acid (5a) : Off-white solid (51%); m.p. 

32–236 °C. IR (cm 

−1 ): 350 0–280 0 (COOH), 3333 (NH), 2934 (CH 

liphatic), 1710 (COOH), 1684 (CONH-), 1501 ( C = N ), 1325 and 

162 (SO 2 NH 2 ). 
1 H NMR (400 MHz, DMSO–d 6 ): δ 10.92 (s, 1H, 

OO H exchangeable with D 2 O), 8.79 (s, 1H, NH exchangeable with 

 2 O), 7.94–7.96 (d, J = 8 Hz, 2H, Ar- H ), 7.66–7.68 (d, J = 8 Hz,

H, Ar- H ), 7.57 (m, 2H, Ar- H ), 7.51–7.53 (m, 3H, Ar- H ), 7.47–7.49

d, J = 8 Hz, 2H, SO 2 NH 2 exchangeable with D 2 O), 2.27–2.31 (t, 

 = 8 Hz, 2H, -NHC H 2 -), 1.91(m, 1H, -C H (H)COOH-), 1.78–1.81 (t, 

 = 8 Hz, 2H,-CH 2 C H 2 CH 2 -), 1.24 (m, 1H,-C H (H)COOH-). 13 C NMR

101 MHz, DMSO–d 6 ): δ 174.71, 159.07, 157.20, 155.25, 145.10, 

40.23, 131.14, 129.47, 129.25, 127.58, 126.69, 120.83, 31.58, 24.97, 

1.51. MS (EI): m/z 429 ( M 

+ ). Anal. Calcd. For C 19 H 19 N 5 O 5 S: C,

3.14; H, 4.46; N, 16.31. Found: C, 53.50; H, 4.69; N, 16.52. 

N -(adamantan-1-yl) −5-phenyl-1-(4-sulfamoylphenyl) −1H-1,2,4- 

riazole-3-carboxamide (5b) : 

Off-white solid (53%); m.p. 263–267 °C. IR (cm 

−1 ): 3320 (NH), 

238 (CH aromatic), 2921 (CH aliphatic), 1663 (CONH), 1501 

 C = N ), 1327, 1159 (SO 2 NH 2 ). 
1 H NMR (400 MHz, DMSO–d 6 ): δ

.33 (s, 1H, NH exchangeable with D 2 O), 7.94–7.96 (d, J = 8 Hz, 

H, Ar- H ), 7.67–7.52 (m, 3H, Ar- H ), 7.44–7.49 (m, 6H, 4H of Ar- 

 and 2H of SO 2 NH 2 exchangeable with D 2 O), 2.10–1.99 (m, 6H, 

NHCC H 2 -), 1.75–1.91 (m, 3H, -C H (CH 2 ) 2 -), 1.60–1.67 (m, 6H, - 

HC H 2 CH-). 13 C NMR (101 MHz, DMSO–d 6 ): δ 164.93, 158.05, 

54.28, 152.37, 144.69, 140.59, 133.96, 130.81, 129.27, 127.48, 

26.36, 52.10, 36.36, 29.29, 24.21. MS (EI): m/z 477 ( M 

+ ). Anal. 

alcd. For C 25 H 27 N 5 O 3 S: C, 62.87; H, 5.70; N, 14.66. Found: C,

2.71; H, 5.86; N, 14.85. 

Ethyl 1-(5-phenyl-1-(4-sulfamoylphenyl) −1H-1,2,4-triazole-3- 

arbonyl)piperidine-4-carboxylate (5c) : White solid (57%); m.p. 

44–146 °C. IR (cm 

−1 ): 3442 (NH), 3076 (CH aromatic), 2972 (CH 

liphatic), 1729 ( C = O ), 1494 ( C = N ), 1350, 1166 (SO 2 NH 2 ). 
1 H

MR (400 MHz, DMSO–d 6 ): δ 7.95–7.97 (d, J = 8 Hz, 2H, Ar- H ),

.67–7.69 (d, J = 8 Hz, 2H, Ar- H ), 7.57 (m, 2H, Ar- H ), 7.49–7.51

m, 5H, 3H of Ar -H and 2H of SO 2 NH 2 exchangeable with D 2 O), 

.38–4.41 (m, 1H, -NC H (H)CH 2 -), 4.09–4.15 (m, 3H, 2H of –C H 2 CH 3 
4 
nd 1H of -NCH (H) CH 2 -), 3.31 (m, 1H, -NC H (H)CH 2 -), 3.02–3.08 

m, 1H, -NC H (H)CH 2 ), 2.69–2.75 (m, 1H, -C H COO-), 1.89–1.99 

m, 2H, -CHC H (H)-), 1.55–1.61 (m, 2H, -CHCH (H) -), 1.19–1.21 (m, 

H, –CH 2 C H 3 ). 
13 C NMR (101 MHz, DMSO–d 6 ): δ 174.22, 160.35, 

57.34, 154.60, 145.03, 140.21, 131.11, 129.44, 129.29, 127.35, 127.50, 

26.63, 60.53, 46.20, 29.08, 28.10, 14.53. MS (EI): m/z 483 ( M 

+ ). 
nal. Calcd. For C 23 H 25 N 5 O 5 S: C, 57.13; H, 5.21; N, 14.48. Found: C,

7.50; H, 5.38; N, 14.72. 

5-phenyl-1-(4-sulfamoylphenyl)-N-(4-(trifluoromethyl)phenyl) −1H-

,2,4-triazole-3-carboxamide (5d) : Brown solid (63%); m.p. 277–

79 °C. IR (cm 

−1 ): 3325 (NH), 3112 (CH aromatic), 1701 (CONH), 

530 ( C = N ), 1331, 1166 (SO 2 NH 2 ). 
1 H NMR (400 MHz, DMSO–

 6 ): δ 10.97 (s, 1H, NH exchangeable with D 2 O), 8.13–8.15 (d, 

 = 8 Hz, 2H, Ar- H ), 7.98–8.00 (d, J = 8 Hz, 3H, Ar- H ), 7.67 (m,

H, Ar- H )), 7.54–7.60 (m, 4H, Ar- H ), 7.49–7.51 (d, J = 8 Hz, 2H,

O 2 NH 2 exchangeable with D 2 O). 13 C NMR (101 MHz, DMSO–d 6 ): 

158.01, 156.81, 155.70, 145.32, 142.33, 140.12, 131.29, 129.58, 

29.29, 127.52, 127.15, 126.84, 126.42, 126.13, 123.43, 121.09. MS 

EI): m/z 487 ( M 

+ ). Anal. Calcd. For C 22 H 16 F 3 N 5 O 3 S: C, 54.21; H,

.31; N, 14.37. Found: C, 54.43; H, 3.59; N, 14.50. 

11-(5-phenyl-1-(4-sulfamoylphenyl) −1H-1,2,4-triazole-3- 

arboxamido)undecanoic acid (5e) : White solid (63%); m.p. 244–

46 °C. IR (cm 

−1 ): 340 0–250 0 (CO OH ), 3036 (CH aromatic), 2922

CH aliphatic), 1723 ( CO OH), 1560 ( C = N ), 1322, 1164 (SO 2 NH 2 ).
 H NMR (400 MHz, DMSO–d 6 ): δ 12.02 (s, 1H, CO OH ), 8.69 (s, 1H, 

H exchangeable with D 2 O), 7.94–7.96 (d, J = 8 Hz, 2H, Ar- H ), 

.66–7.68 (d, J = 8 Hz, 2H, Ar- H ), 7.51–7.65 (m, 7H, 5H of Ar- H and

H of SO 2 NH 2 exchangeable with D 2 O), 3.29 (m, 2H, -NHC H 2 -), 

.19 (m, 2H, -C H 2 COOH-), 1.50 (m, 4H, 2H of -CH 2 C H 2 CH 2 COOH

nd 2H of –NHCH 2 C H 2 CH 2 -), 1.26 (m, 12H, -CH 2 C H 2 CH 2 -). 13 C

MR (101 MHz, DMSO–d 6 ): δ 174.99, 158.85, 157.32, 155.19, 145.11, 

40.23, 131.12, 129.47, 127.24, 127.45, 127.38, 126.66, 34.13, 29.53, 

9.43, 29.36, 29.22, 29.02, 26.88, 24.97. MS (EI): m/z 527 ( M 

+ ). 
nal. Calcd. For C 26 H 33 N 5 O 5 S: C, 59.18; H, 6.30; N, 13.27. Found:

, 59.46; H, 6.57; N, 13.56. 

5-phenyl-1-(4-sulfamoylphenyl) −1H-1,2,4-triazole-3-carbonyl 

zide (8) : A cold solution of hydrazide intermediate 7 (0.358 g, 

.0 mmol) was prepared by dissolving in mixture of acetic acid 

6 mL): 1 N HCl (3 ml): water (25 mL), followed by addition of a

olution of NaNO 2 (0.87 g, 1.0 mmol) in 3 mL cold water. During 

tirring, a yellow syrup was formed, extracted with ethyl acetated, 

ashed with cold 3% NaHCO 3 , H 2 O. The extract was dried over 

a 2 SO 4 followed by the next procedure without purification. 

General procedure for synthesis of compounds (10a-f) : 

The acyl azide 8 (0.369 g, 1.0 mmol) was heated for 1 hour 

n dry toluene affording the isocyanate 9. The reaction mixture 

as allowed to be cooled, where the isocyanate intermediate 9 

as dissolved in anhydrous pyridine then the appropriate amine 

0.01 mmol) was added. The mixture was undergone to reflux for 

4 h followed by pouring onto ice/H 2 O containing drops of concen- 

rated HCl. Extraction of the compound was carried out using ethyl 

cetate followed by drying over anhydrous MgSO 4 . The purification 

as performed using column chromatography which elutes the fi- 

al compounds 10a-f using petroleum ether:ethyl acetate gradient. 

4-(3-(3-cyclohexylureido) −5-phenyl-1H-1,2,4-triazol-1- 

l)benzenesulfonamide (10a) : White solid (54%); m.p. 250–252 °C. 

R (cm 

−1 ): 3361 (NH), 3159 (CH aromatic), 2928 (CH aliphatic), 

669 (NHCONH), 1563 ( C = N ), 1322, 1160 (SO 2 NH 2 ). 
1 H NMR

400 MHz, DMSO–d 6 ): δ 7.82–7.84 (d, J = 8 Hz, 2H, Ar- H ), 7.72 (m,

H, Ar- H ), 7.47 (m, 3H, Ar- H ), 7.38–7.40 (m, 4H, 2H of Ar- H and 2H

f SO 2 NH 2 exchangeable with D 2 O), 5.74 (s, 1H, NH exchangeable 

ith D 2 O), 4.14 (s, 1H, NH exchangeable with D 2 O), 2.98 (m, 1H, 

NHC H CH 2 -), 1.55–1.59 (m, 4H, -NHCHC H 2 CH 2 -), 1.29 (m, 2H, 

(CH 2 ) 2 C H 2 (CH 2 ) 2 -), 1.12–1.14 (m, 2H, -CHCH 2 C H (H)CH 2 -), 0.87–

.88 (m, 2H,-CHCH 2 CH( H )CH 2 -). 13 C NMR (101 MHz, DMSO–d 6 ): 
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Table 1 

The in vitro COX-1 and COX-2 inhibitory activity of the new diaryl-1,2,4-triazole- 

based derivatives 5a-e and 10a-f , versus celecoxib as a reference. 

Compound COX Inhibition (IC 50 μM) a 
Selectivity 

Index b 
sEH inhibition (IC 50 

nM) c 

COX-1 COX-2 

5a 12.98 4.38 2.96 3.12 ±0.09 

5b 9.15 2.34 3.91 2.23 ±0.04 

5c 10.33 4.45 2.32 3.45 ±0.016 

5d 11.58 4.02 2.88 1.95 ±0.011 

5e 13.02 5.03 2.58 4.02 ±0.05 

10a 10.23 3.05 3.35 1.78 ±0.012 

10b 11.23 3.69 3.02 3.21 ±0.031 

10c 8.85 2.13 4.15 1.23 ±0.07 

10d 11.89 4.35 2.73 2.34 ±0.05 

10e 9.15 1.98 4.62 1.09 ±0.09 

10f 9.12 3.13 2.91 2.98 ±0.013 

Celecoxib 

6.12 0.95 6.44 261.14 ±15.1 

AUDA —- —- —- 0.49 ±0.009 

a The IC 50 values for the test compound denote the concentration of the drug that 

elicits 50% inhibition of COX-1 and COX-2 enzymes. The data were generated with 

the aid of specific COX-1 and COX-2 enzyme activity assay (Cayman Chemicals Inc., 

Ann Arbor, MI, USA). The table outlines the mean IC 50 values for COX-1 and COX-2 

where the deviation from the mean is < 10% of the mean value. 
b The selectivity index for each tested compound was determined by the ratio of 

COX-1 IC 50 /COX-2 IC 50 . 
c The IC 50 values for the test compound denote the concentration of the drug that 

elicits 50% inhibition of sEH enzyme. 
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164.21(-NH C( N) 2 -of triazol), 152.97 (-NH C ONH-), 141.65 (- 

H C (N) 2 -of triazol), 141.15, 132.08, 130.52, 129.09, 128.99, 128.39, 

27.92, 125.77, 52.64 (-NH C HCH 2- ), 33.59 (-CH C H 2 CH 2- ), 24.80 

-(CH 2 ) 2 C H 2 (CH 2 ) 2- ), 22.99 (-CHCH 2 C H 2 CH 2- ). MS (EI): m/z 440

 M 

+ ). Anal. Calcd. For C 21 H 24 N 6 O 3 S: C, 57.26; H, 5.49; N, 19.08.

ound: C, 57.43; H, 5.68; N, 18.97. 

4-(3-(5-phenyl-1-(4-sulfamoylphenyl) −1H-1,2,4-triazol-3- 

l)ureido)butanoic acid (10b) : White solid (51%); m.p. 210–212 °C. 

R (cm 

−1 ): 3403–2800 (COOH), 2929 (CH aliphatic), 1721 (COOH), 

658 (NHCONH), 1551 ( C = N ), 1330, 1161 (SO 2 NH 2 ). 
1 H NMR

400 MHz, DMSO–d 6 ): δ 7.81–7.94 (m, 4H, Ar- H ), 7.47–7.49 (m, 3H, 

r- H ), 7.42–7.45 (m, 5H, 2H of Ar- H , 2H of SO 2 NH 2 exchangeable 

ith D 2 O and 1H of NH exchangeable with D 2 O), 5.78 (s, 1H, NH

xchangeable with D 2 O), 3.21 (m, 2H, -NHC H 2 CH 2 -), 1.97–2.02 (m, 

H, -CH 2 C H 2 COOH), 1.19–1.24 (m, 2H, -CH 2 C H 2 CH 2 -). 13 C NMR 

101 MHz, DMSO–d 6 ): δ 172.6, 159.1, 157.2, 155.3, 145.1, 140.2, 

31.1, 129.5, 129.3, 127.6, 126.7, 120.8, 31.6, 24.9, 21.5. MS (EI): 

/z 4 4 4 ( M 

+ ). Anal. Calcd. For C 19 H 20 N 6 O 5 S: C, 51.34; H, 4.54; N,

8.91. Found: C, 51.60; H, 4.63; N, 19.12. 

4-(3-(3-(adamantan-1-yl)ureido) −5-phenyl-1H-1,2,4-triazol-1- 

l)benzenesulfonamide (10c) : 

White solid (53%); m.p. 176–177 °C. IR (cm 

−1 ): 3396 (NH), 3067 

CH aromatic), 2911 (CH aliphatic), 1671 (NH CO NH), 1548 ( C = N ), 

323, 1165 (SO 2 NH 2 ). 
1 H NMR (400 MHz, DMSO–d 6 ): δ 9.53 (s, 

H, NH exchangeable with D 2 O), 7.90–7.88 (d, J = 8 Hz, 2H, Ar-

 ), 7.78 (s, 1H, NH exchangeable with D 2 O), 7.71–7.73 (m, 2H, Ar- 

 ), 7.67–7.70 (m, 2H, Ar- H ), 7.54–7.58 (m, 3H, Ar- H ), 7.45–7.47 (d, 

 = 8 Hz, 2H of SO 2 NH 2 exchangeable with D 2 O), 1.99–2.05 (m, 

H, -NHCC H 2 ), 1.65 (m, 3H, -CH 2 C H CH 2 -), 1.28 (m, 6H, -CHC H 2 CH).
3 C NMR (101 MHz, DMSO–d 6 ): δ 164.93, 157.57, 154.28, 152.37, 

45.12, 140.19, 133.96, 130.81, 129.27, 127.48, 126.36, 52.10, 36.51, 

9.29, 24.21. MS (EI): m/z 492 ( M 

+ ). Anal. Calcd. For C 25 H 28 N 6 O 3 S:

, 60.96; H, 5.73; N, 17.06. Found: C, 60.89; H, 5.86; N, 17.34. 

Ethyl-1-((5-phenyl-1-(4-sulfamoylphenyl) −1H-1,2,4-triazol-3- 

l)carbamoyl)piperidine-4-carboxylate (10d) : Off-white solid (57%); 

.p. 184–187 °C. IR (cm 

−1 ): 3376 (NH), 3053 (CH aromatic), 2939 

CH aliphatic), 1726 (COOCH 2 CH 3 ), 1647 (NHCON), 1552 ( C = N )

307, 1170 (SO 2 NH 2 ). 
1 H NMR (400 MHz, DMSO–d 6 ): 9.46 (s, 

H, NH exchangeable with D 2 O), 7.83–7.85 (d, J = 8 Hz, 2H, 

r- H ), 7.61–7.63 (d, J = 8 Hz, 2H, Ar- H ), 7.42–7.49 (m, 7 H, 5H of

r- H and 2H of SO 2 NH 2 exchangeable with D 2 O), 4.01–4.09 (m, 

H, 2H of -NCH (H) CH 2 - and 2H of –C H 2 CH 3 ), 3.52–3.54 (m, 1H,

NCH (H) CH 2 -), 2.91–2.97 (m, 1H, –NCH (H) CH 2 -), 2.57–2.61 (m, 1H, 

CH 2 CH COO-), 1.82–1.90 (m, 2H, -C H 2 CHCOO-), 1.45–1.58 (m, 2H, 

C H 2 CHCOO-), 1.18–1.21(m, 3H, –CH 2 C H 3 ). 
13 C NMR (101 MHz, 

MSO–d 6 ): δ 174.22, 160.35, 157.34, 154.60, 145.03, 140.21, 131.11, 

29.44, 129.29, 127.50, 127.35, 126.63, 60.53, 46.20, 29.08, 28.10, 

4.53. MS (EI): m/z 498 ( M 

+ ). Anal. Calcd. For C 23 H 26 N 6 O 5 S: C,

6.24; H, 5.51; N, 16.40. Found: C, 56.49; H, 5.39; N, 16.72. 

N-(5-phenyl-1-(4-sulfamoylphenyl) −1H-1,2,4-triazol-3-yl) −2- 

4(trifluoromethyl)phenyl)acetamide (10e) : Brown solid (63%); 

.p. 257–259 °C. IR (cm 

−1 ): 3395 (NH), 3186 (CH aromatic), 

698 (NHCONH), 1557 ( C = N ), 1324, 1170 (SO 2 NH 2 ). 
1 H NMR

400 MHz, DMSO–d 6 ): δ 10.31 (s, 1H, NH exchangeable with D 2 O), 

0.25 (s, 1H, NH exchangeable with D 2 O), 7.73–7.75 (d, J = 8, 2H, 

r- H ), 7.67–7.71 (m, 5H, Ar- H ), 7.46–7.52 (m, 6H, Ar- H ), 7.40–7.42 

d, J = 8 Hz, 2H, SO 2 NH 2 exchangeable with D 2 O). 13 C NMR 

101 MHz, DMSO–d 6 ): δ 158.01, 156.81, 155.70, 145.32, 142.33, 

40.12, 131.29, 129.58, 129.29, 127.52, 127.15, 126.84, 126.42, 

26.13, 123.43, 121.09. MS (EI): m/z 503 ( M 

+ 1 ). Anal. Calcd. For 

 22 H 17 F 3 N 6 O 3 S: C, 52.59; H, 3.41; N, 16.73. Found: C, 52.73; H,

.68; N, 16.98. 

11-(3-(5-phenyl-1-(4-sulfamoylphenyl) −1H-1,2,4-triazol-3- 

l)ureido)undecanoic acid (10f) : 

White solid (63%); m.p. 198–202 °C. IR (cm 

−1 ): 3393–2500 

COOH), 3035 (CH aromatic), 2925 (CH aliphatic), 1725 (COO), 1645 
5 
NHCONH), 1549 ( C = N ), 1326, 1161 (SO 2 NH 2 ). 
1 H NMR (400 MHz,

MSO–d 6 ): δ 9.75 (s, 1H, NH exchangeable with D 2 O), 9.70 (s, 1H, 

H exchangeable with D 2 O), 7.88–7.86 (m, 2H, Ar- H ), 7.68–7.81(m, 

H, Ar- H ), 7.75 (m, 1H, Ar- H ), 7.46–7.56 (m, 4H, Ar- H ), 7.34–7.36

d, J = 8 Hz, 2H, SO 2 NH 2 exchangeable with D 2 O), 2.74–2.99 (m, 

H, -NHC H 2 -), 2.02–2.17 (m, 2H, -C H 2 COOH-), 1.46 (m, 4H, 2H of 

CH 2 C H 2 CH 2 COOH and 2H of –NHCH 2 C H 2 CH 2 -), 1.23 (m, 12H, 6 ∗-

H 2 C H 2 CH 2 -). 13 C NMR (101 MHz, DMSO–d 6 ): δ 174.94, 158.83, 

57.32, 155.17, 145.14, 140.28, 129.49, 131.14, 129.27, 127.40, 127.31, 

26.62, 34.10, 29.57, 29.43, 29.37, 29.29, 29.05, 26.83, 24.98. MS 

EI): m/z 542 ( M 

+ ). Anal. Calcd. For C 26 H 34 N 6 O 5 S: C, 57.55; H, 6.32;

, 15.49. Found: C, 57.79; H, 6.45; N, 15.70. 

.2. Biological evaluation 

.2.1. In vitro COX-1/COX-2 inhibitory activities 

The in vitro inhibitory activity of the new compounds against 

oth COX subtypes was tested using enzyme immunoassay (EIA) 

its from Cayman Chemical Company (Cat. no.701070 and 701080, 

ayman Chemical, Ann Arbor, MI). The assay principle is to re- 

uce COX-derived PGH 2 into PGF 2 α via enzyme immune-sorbent 

ssay (ELISA) followed by measuring the PGF 2 α concentration spec- 

rophotometrically at 412 nm [ 37 , 38 ] . The COX-1/COX-2 inhibitory 

ctivity and IC 50 of the tested compounds were determined, com- 

ared with the various control incubations and written down in 

able 1 . 

.2.2. In vitro sEH inhibitory activity 

The IC 50 of the novel compounds against sEH enzyme 

as determined using soluble epoxide hydrolase cell-based as- 

ay kit (Cat. no. 60 0 090, Cayman Chemical, Ann Arbor, MI) 

hrough the fluorescence-based method. The fluorescent inten- 

ity of 6–methoxy-2-Naphthaldehyde (highly fluorescent product 

t λex = 330 nm, λem 

= 465 nm) that produced from the hy- 

rolysis of the sEH-substrate Epoxy Fluor 7 [39] was revealed for 

he tested compounds wells, compared with the control wells and 

ecorded as shown in Table 1 . 
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Table 2 

The in vivo anti-inflammatory of the new diaryl-1,2,4-triazole-based derivatives 5a-e and 10a-f , in carrageenan paw edema 

model. 

Compound 

Change in paw volume in (ml) after drug digestion ( ±SEM) a Anti-inflammatory activity (% inhibition) b 

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

5a 10.68 ±0.08 7.92 ±0.15 6.84 ±0.05 34.72 53.41 64.89 

5b 6.64 ±0.44 4.81 ±0.36 3.79 ±0.40 58.80 71.71 80.54 

5c 8.84 ±0.08 7.16 ±0.15 7.28 ±0.20 45.97 57.88 62.63 

5d 8.84 ±0.16 4.92 ±0.20 3.58 ±0.41 45.97 71.06 81.62 

5e 9.87 ±0.42 6.40 ±0.14 5.87 ±0.14 39.67 62.35 69.87 

10a 2.97 ±0.33 2.28 ±0.27 2.35 ±0.38 81.85 86.59 87.94 

10b 9.30 ±0.65 5.44 ±0.72 5.01 ±0.47 43.15 68.00 74.28 

10c 5.87 ±0.25 3.99 ±0.27 2.08 ±0.21 64.12 76.53 89.32 

10d 7.92 ±0.22 6.40 ±0.44 5.44 ±0.30 51.59 62.35 72.07 

10e 3.22 ±0.29 3.17 ±0.31 1.70 ±0.27 80.32 81.35 91.27 

10f 7.28 ±0.20 4.40 ±0.27 3.88 ±0.22 55.50 74.12 80.08 

Celecoxib 3.08 ±0.15 2.94 ±0.08 2.28 ±0.14 81.17 82.71 88.30 

Control 16.36 ±0.24 17.00 ±0.28 19.48 ±0.26 – – –

a Values are mean ± SEM (Standard error of mean). 
b % edema inhibition = (Tc-Tt/Tc) × 100 where Tc is the mean increase of paw diameter thickness in the control group. Tt 

denotes the mean increase of paw diameter thickness in response to the tested compound in rats. 

Table 3 

The in vivo analgesic activity of the new diaryl-1,2,4-triazole-based derivatives 5a-e and 10a- 

f , in acetic acid-induced writhing test. 

Compound No. of Writhes in 5–15 min after treatment (Mean ± SE) a % Inhibition 

5a 21.50 ±0.5 35.82 

5b 24.25 ±0.6 27.61 

5c 24.75 ±0.7 26.11 

5d 21.00 ±0.6 37.31 

5e 26.00 ±0.6 22.38 

10a 19.75 ±0.4 41.04 

10b 25.25 ±0.7 24.62 

10c 16.75 ±0.5 50.00 

10d 24.50 ±0.7 26.86 

10e 14.75 ±0.5 55.97 

10f 23.00 ±0.4 31.34 

Celecoxib 29.00 ±0.6 13.43 

Control 33.50 ±0.8 –

b % Analgesic activity = 

( W c− W t ) x 100 
Wc 

where Wc is mean writhing of the control group, Wt 

is mean writhing of the tested group. 
a Values are mean ± SE (Standard error). 
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.2.3. Determining the anti-inflammatory activity using 

arrageenan-induced paw edema assay 

To examine the anti-inflammatory potential of the tested com- 

ounds, the carrageenan-induced paw edema model was used, as 

stablished by Winter et al. [40] . The current study employed male 

lbino Wister rats (120–150 g body weight) that were procured 

rom the animal house, Nahda University, Beni-Suef. The rats were 

oused in stainless steel cages (4 animals per cage) and they were 

asted for 24 h with ad libitum access to the drinking water be- 

ore the start of the experiment. All animal handling was car- 

ied out in strict accordance with the protocol approved by the 

nstitutional Research Ethical Committee of Faculty of Pharmacy, 

eni-Suef University. The experimental animals received the test 

ompounds 10a-f and celecoxib (dissolved in 10% DMSO aque- 

us solution v/v) at the dose of 50 mg/kg body weight. Addi- 

ionally, the control group received the 10% DMSO aqueous so- 

ution (v/v) vehicle. The paw edema was induced by the injec- 

ion of 100 μL of 1% carrageenan-sodium gel (Sigma-Aldrich, USA) 

nto the sub-planter region of the right hind paw of rats. The paw 

dema was monitored by measuring the rat’s hind paw thickness 

ith the aid of Vernier calliper (SMIEC) immediately after car- 

ageenan injection and 1, 3, and 5 h post the inflammagen injec- 

ion. The decrease of paw edema was regarded as an index for the 
s

6 
nti-inflammatory activity. Table 2 depicts the% edema inhibition 

ata. 

.2.4. Determining the analgesic activity using acetic acid-induced 

rithing test 

Four mice in each group were used for performing the acetic- 

cid induced writhing test [41] . The tested compounds and cele- 

oxib were orally administered by gavage (10 mg/kg) to animals, 

hereas the control group received the vehicle only. One hour 

ater, 0.01 mL/g of 0.6%v/v acetic acid solution was injected intra- 

eritoneally to trigger the pain. 1 hour later. The animals were ob- 

erved after 5 min of pain induction and for 20 min to record and 

ount the writhing episodes. The analgesic activity was determined 

hrough the calculation of the% analgesic activity that were out- 

ined as shown in Table 3 . 

.3. Physicochemical parameters 

The physicochemical parameters of newly synthesized com- 

ounds were determined using the Computational prediction ap- 

roach. Molinspiration online property calculation toolkit was used 

o calculate the number of rotatable bonds and molecular polar 

urface area. To express the degree of absorption, the absorption 
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Table 4 

Lipinski parameters and calculated absorption of 5a-e and 10a-f compounds. 

Compound %ABS a tPSA b Nrotb c nON ≤10 d nOHNH ≤5 e miLog P ≤5 MW ≤500 n violations ≤1 

5a 54.73 157.28 8 10 4 0.63 429.46 1 

5b 67.60 119.98 5 8 3 3.77 477.59 0 

5c 61.56 137.50 7 10 2 2.10 483.55 0 

5d 67.60 119.98 6 8 3 3.44 487.46 0 

5e 54.73 157.28 15 10 4 4.17 527.65 2 

10a 63.45 132.01 5 9 4 3.28 440.53 0 

10b 50.58 169.31 8 11 5 1.16 444.47 2 

10c 63.45 132.01 5 9 4 4.30 492.61 0 

10d 57.41 149.52 7 11 3 2.63 498.56 2 

10e 63.45 132.01 6 9 4 3.96 502.48 1 

10f 50.58 169.31 15 11 5 4.70 542.66 4 

a % ABS denotes the calculated absorption for each compound;. 
b tPSA denotes the topological polar surface area for each compound;. 
c nrotb denotes the number of rotatable bonds;. 
d nON ≤10 denotes the number of hydrogen bond acceptors that are equal to or less than ten;. 
e nOHNH ≤5 denotes the number of hydrogen bond donors that are equal to or less than five. 

Scheme 1. The synthesis of compounds 5a-e. Reagents and conditions: a) Glycine, NaOH, rt; b) Ac 2 O, reflux, 40 min; c) Freshly prepared solution of diazonium salt of the 

sulfanilamide, NaOAc, rt; d) NaOAc, Acetic acid, reflux at 89 ᴏC (yield: 51–63%). 
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ercentage was calculated from the following formula:%ABS = 109 

 (0.345 × tPSA). All the obtained molecular properties were 

ecorded in Table 4 [42–44] . 

. Results and discussion 

.1. Chemistry 

The final novel compounds derivatives 5a-e and 10a-f were 

ynthesized by the illustrated reaction sequence as shown in 

chemes 1 and 2 . The starting compound, hippuric acid (2) , had 

een prepared in high yields through the reported method by the 

eaction of glycine with benzoyl chloride (1) in presence of 10% 

aOH [45] . The carboxylic group of hippuric acid (2) was acti- 

ated through heating with acetic anhydride affording the mixed 

nhydride which underwent intra-molecular cyclization affording 

-phenyloxazol-5(4H)-one (3) [46 , 47] . The furnished phenyloxazol- 

(4H)-one (3) was subsequently coupled with hydrazine salt of sul- 

anilamide, which was prepared by diazotization of sulfanilamide 

rimary amine using sodium nitrite in 5 M HCl, affording inter- 

ediate (4) according to Kuskov-like reaction [48] . The final tar- 

eted 1,2,4-triazole-3-carboxamide 5a-e were obtained by heat- 

ng compound (4) in glacial acetic acid in the presence of an- 

ydrous CH COONa. The postulated structures were confirmed by 
3 

7 
heir physical, analytical and spectral data. 1 H NMR spectrum of 

 5b) showed a single peak of NH at 8.33 ppm, along with the typ- 

cal peaks of adamantyl protons in rang 1.60–2.10 ppm. 13 C NMR 

pectrum showed peaks at 24.2, 29.2, 36.3, and 52.1 refereeing to 

he characteristic adamantyl carbons. 

On the other hand, the targeted urea derivatives compounds 

0a-f were synthesized as inspected in Scheme 2 . The hydrazide 

ompound (7) was synthesized by with treating of compound (4) 

ith methanolic solution of KOH at room temperature according to 

he reported methods (Sawdey rearrangement) [48] affording ethyl 

ster of 1,2,4-triazole (6 ). Subsequently, heating of ethyl ester of 

,2,4-triazole (6 ) with hydrazine hydrate providing the key starting 

ydrazide (7) as reported [49] . The targeted urea compounds were 

repared through treating of the hydrazide compound (7) with in 

itu generated nitrous acid affording the acyl azide intermediate 

8) , which simultaneously heated under reflux in toluene with- 

ut further purification due to its instability affording isocyanate 

ntermediate (9) via Curtius Rearrangement. Respectively, the iso- 

yanate intermediate (9) was condensed with different amine in 

resence of pyridine releasing urea compounds 10a-f . The pro- 

osed structures were proven by their analytical and spectral anal- 

sis. 1 H NMR of compound 10e indicated appearance of the char- 

cteristic peaks of two NH groups of di-substituted urea at δ 10.31 

nd 10.25 ppm that hide upon deuteration, as well as the trifluo- 
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Scheme 2. The synthesis of compounds 10a-f. Reagents and conditions: a) 5% potassium hydroxide, CH 3 OH, rt; b) NH 2 NH 2 .H 2 O, EtOH, reflux, 6 h; c) Sodium nitrite/ HCl, 

0–5 ᴏC; d) CH 3 -pH, reflux at 110 ᴏC, 0.5 h; e) Applicable amine, pyridine, reflux, reflux at 101 ᴏC (yield: 51–63%), 24 h. 
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omethyl aniline peaks at δ 7.42–7.73 ppm. 13 C NMR revealed ap- 

earance of carbonyl group of di-substituted urea at δ 156.81 ppm 

n addition to the peak of –CF 3 at 126.42 ppm. Mass spectrum of 

0e revealed M 

+ 1 peak at m/z 503 constituting the last peak of 

he spectrum. 

.2. Biological evaluation 

.2.1. The in vitro assay 

With the aid of the corresponding/specific enzyme immunoas- 

ay (EIA) kits that target COX-1 and COX-2 enzymes, the anti- 

nflammatory activity of the new derivatives 5a-e and 10a-f were 

etermined (Cat. no. 701070 and 701080, respectively, Cayman 

hemical Company, Ann Arbor, MI), as formerly established [ 38 , 50 ]. 

n the other hand, the in vitro sEH enzyme inhibition ability 

as measured using soluble epoxide hydrolase cell-based assay kit 

sEH; cat. no. 60 0 090, Cayman Chemical, Ann Arbor, MI), as in- 

tructed by the provider and reported before [30] . The results were 

utlined in Table 1 and were presented as the IC 50 values, where 

elecoxib and AUDA were used as positive controls. Moreover, the 

electivity index to the COX isoenzymes was calculated for the test 

ompounds via determining the IC 50 ratio for COX-1 to COX-2, as 

emonstrated in Table 1 . Variable inhibitory activities against COX- 

/COX-2 and sEH for the tested compounds were observed. Con- 

erning COX-1/COX-2 inhibitory activity for the tested compounds, 

lthough they demonstrated relatively low COX-1 isoenzyme inhi- 

ition (IC 50 range 8.85–13.02 μM), they displayed a slightly high 

OX-2 isoenzyme inhibition (IC 50 range1.98–5.03 μM). Derivatives 

f urea compounds 10a-f were noticed to be the most common 

gainst COX-2 among the rest of the compounds (COX-2 IC range 
50 

8 
.98–4.35 μM; SI range 2.91–4.62) when compared versus celecoxib 

COX-2 IC 50 = 0.95 μM; SI = 6.44). Noticeably, the compounds with 

he urea linker (10e and 10c) were the most active against COX-2 

mong the rest of compounds (COX-2 IC 50 = 1.98 μM and 2.13 μM; 

I = 4.62 and 4.15, respectively). On the other hand, compounds 5d 

nd 5e, with amide linker, showed the least active against COX-2 

COX-2 IC 50 = 4.02 and 5.03 μM; SI = 2.88 and 2.58, respectively). 

egarding sEH inhibition, all the compounds were compared versus 

he reference sEH inhibitor AUDA. In this regard, the tested com- 

ounds demonstrated a weak inhibitory activity against sEH with 

C 50 range 1.78 – 4.02 nM compared to AUDA (IC 50 = 0.49 nM), 

ith the exception of for two compounds 10e and 10c that af- 

orded good sEH inhibition, as evidenced with IC 50 values of 1.09 

nd 1.23 nM, respectively. Moreover, urea linked compounds 10a-f 

howed sEH inhibitory activity (IC 50 = 1.09 – 3.21 nM) better than 

hat achieved by the amide-linked derivatives 5a-e (IC 50 = 1.95 

4.02 nM). Together, these findings elucidate that the evaluated 

ompounds with the urea linker 10a-f demonstrated higher po- 

ency as selective dual inhibitors of COX-2/sEH enzymes than their 

ounterparts that contained the amide linker 5a-e . 

.2.2. In vivo screening activity 

.2.2.1. The anti-inflammatory activity determined by the 

arrageenan-induced paw edema assay. The carrageenan-induced 

at paw edema model was used to assess the anti-inflammatory 

ctivity of the newly synthesized compounds 5a-e and 10a-f , as 

escribed [40] . The anti-inflammatory activity was presented as 

he inhibition% of the paw diameter thickness at 1, 3 and 5 h, 

ollowing the inoculation of carrageenan to the paw. The data is 

utlined in Table 2 and the obtained results were compared versus 
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Fig. 4. Docking and binding pattern of some selected compounds inside sEH enzyme active pocket (PDB code: 1VJ5); (A) Binding interactions and mode of compound 10e 

(yellow) within sEH enzyme active site; (B) Binding interactions and mode of compound 5e (red) within sEH enzyme active site; (C) Binding interactions and mode of 

compound 10c (cyan) within sEH enzyme active site; (D) Binding interactions and mode of compound 5c (blue) within sEH enzyme active site. The ligands are presented in 

stick model. Hydrogen bonds were represented as dashed pink lines. (For interpretation of the references to colour in this figure legend, the reader is referred to the web 

version of this article.) 
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elecoxib as a reference anti-inflammatory drug at the same time 

oints. In this regard, 1 h after carrageenan paw injection, all the 

ested compounds showed significant anti-inflammatory activity 

34.72–81.85% edema inhibition) in comparison to celecoxib that 

licited 81.17% edema inhibition at the same intervals. Among the 

ynthesized compounds, 10a and 10e demonstrated marked edema 

nhibition (81.85 and 80.32%, respectively) which is very close to 

hat afforded by the reference celecoxib (81.17%) at the same time 

oint. After 3 h, the anti-inflammatory activity of all the tested 

ompounds increased to reach (53.41–86.95% edema inhibition) 

ompared to celecoxib that showed a slight increase in its activity 

82.71% edema inhibition). Interestingly, the activity of 10a and 

0e also slightly increased to reach (86.59 and 81.35%, respec- 

ively). After 5 h, all the evaluated compounds showed an increase 

n edema inhibition percentage activities (62.36–91.27%) compared 

o celecoxib (88.30% edema inhibition). Compounds 10a, 10c, 10e, 

b and 5d elicited the highest anti-inflammatory activity (80.45–

1.27% edema inhibition) among all the synthesized compounds. 

t is noteworthy to mention that two compounds, namely, 10e 

ollowed by 10c, showed higher anti-inflammatory activity (91.27 

nd 89.32% edema inhibition, respectively) than celecoxib (88.30% 

dema inhibition) at the 5-hour time point. Together, these data 

eveal that the tested compounds with the urea linker 10a-f com- 

ounds demonstrated a higher anti-inflammatory activity, versus 

he compared to the amide-containing 5a-e compounds. Notably, 

hese findings are in harmony with the observed COX-1/COX-2 

nhibitory activities in vitro, confirming the role of addition of 

rifluoromethyl aniline/adamantyl moieties in the improvement of 

he anti-inflammatory activity. 

.2.2.2. Acetic acid induced writhing test for analgesic activity. The 

cetic-acid induced writhing model was used to examine the anal- 

esic activity of the newly synthesized compounds. The analgesic 

ctivity was compared versus the reference anti-inflammatory cele- 
9 
oxib [41] . The results were expressed as percentage inhibition of 

he number of writhing measured for 15–20 min after acetic-acid 

njection as shown in Table 3 . The results obtained showed that 

ompounds 5a-e and 10a-f showed mild to moderate analgesic 

ctivity (22.38–55.97% writhing inhibition) compared to celecoxib 

13.43% writhing inhibition). Noticeably, compounds 10c and 10e 

howed the highest analgesic activity (50.00–55.97% writhing in- 

ibition) among the rest of the compounds. From the aforemen- 

ioned results, the following was concluded that the compounds 

hat have a urea linker showed higher analgesic activity (24.62–

5.97% writhing inhibition) than the corresponding compounds as- 

ociated with an amide linker (22.38–37.31% writhing inhibition). 

.3. Molecular docking 

Understanding the binding interactions and selectivity differ- 

nce of the novel 1,2,4-triazole derivatives towards sEH enzyme 

as achieved by comparing the docking simulation study of the 

ctive urea-linked derivatives (10c and 10e) with other the amide- 

inked analogues ( 5c and 5e) into the active sites of sEH using 

olecular operating environment (MOE) version 2008.10 [ 26 , 30 ]. 

his study was carried out utilizing 3D protein structure data of 

EH retrieved from the protein data bank (PDB code: 1VJ5) [51] . 

ccordingly, The 3D crystal structure of sEH complexed (PDB code: 

VJ5) with a co-crystallized inhibitor, CIU ( N- cyclohexyl -N ̀  -(4- 

odophenyl)urea), was chosen for this study where it showed four 

ain hydrogen bonding interactions; two bonds between 2NHs of 

rea pharmacophore and Asp333 (1.52 A 

o and 1.94 A 

o ), two bonds 

etween Carbonyl and Tyr 381 (2.54 A 

o ) and Tyr465 residue (2.67 

 

o ) [26] . Interestingly enough, our most potent compounds asso- 

iated with urea linker ( 10c and 10e) showed higher activity and 

etter analogism to CIU by achieving the same four main hydro- 

en bonding interactions with Asp333, Tyr381 and Tyr465 amino 

cid residues. Moreover, 10c and 10e formed an additional hydro- 
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en bond that strengthens the interaction with sEH enzyme, and 

t might be the reason behind their superior activity as shown in 

ig. 4 (A and B) . On the other hand, the parallel amide linked

ompounds ( 5c and 5e ) elicited lesser activity in comparison to 

he urea linked compounds because they formed only three main 

ydrogen bonding interactions with Asp333, Tyr381 and Tyr465 

esidues in comparison to CIU due to the absence of second NH 

roup which proved the essentiality of urea linker for high sEH in- 

ibitory activity Fig. 4 (C and D) . By focusing and comparing of 

rea and amide linked compounds, it was clear that urea linked 

ompounds ( 10e and 10c ) were more potent against sEH inhibition 

han their amide linked compounds analogs ( 5e and 5c ; respec- 

ively). Interestingly, the aforementioned results were harmonious 

ith both in vivo and in vitro values that affirmed compounds pos- 

essing urea linker ( 10c and 10e ) interact strongly to sEH than the 

orresponding compounds with amide linkers. 

.4. Physicochemical parameters 

The physicochemical parameters of all the target compounds 

as predicted with the aid of computational study using Molin- 

piration tool [42–44] . The rule of five adopted by Lipinski’s (RO5) 

as applied to all the newly synthesized compounds, except for 

ne parameter (MW). Moreover, all tested compounds are ex- 

ected to have good absorption after computation of calculated ab- 

orption%ABS (%ABS range 50.58–67.60%). Consequently, the afore- 

entioned data revealed that the newly synthesized compounds 

ossessed promising pharmacokinetic properties as recorded in 

able 4 . 

. Conclusion 

In summary, two novel series of diaryl-1,2,4-triazole linked to 

mide conjugates ( 5a-e ) or urea conjugates ( 10a-f ) have been syn- 

hesized and evaluated for activity against both COX-2 and sEH. 

he in vitro and in vivo results were consistent with each other 

specially for the compounds 10e that exhibited the highest in 

itro/in vivo activities (COX-2 IC 50 = 1.98 μM; sEH = 1.09 nM; 

dema inhibition = 91.27%; writhing inhibition = 55.97%) followed 

y 10c (COX-2 IC 50 = 2.13 μM; sEH = 1.23 nM,; edema inhi- 

ition = 89.32%; writhing inhibition = 50.00%) in comparing to 

elecoxib (88.30% edema inhibition; 13.43% writhing inhibition). 

rom the aforementioned results, compounds 10e and 10c could 

e characterized as promising leads that merit further considera- 

ion and optimization for development of more potent and safer 

nti-inflammatory and analgesic agents. 

redit author statement 

Ahmed H. Abdelazeem: Conceptualization, Methodology, Re- 

iewing and Editing, Software. Asmaa G. Safi El-Din : Methodol- 

gy, Software, Writing-Original draft. Hany H. Arab : Funding ac- 

uisition, Reviewing and Editing. Mohammed T. El-Saadi: Supervi- 

ion, Data curation, Reviewing and Editing. Samir M. El-Moghazy : 

onceptualization, Supervision, Data curation, Validation. Noha H. 

min: Supervision, Data curation, Writing- Reviewing and Editing. 

eclaration of Competing Interest 

The authors declare that they have no known competing finan- 

ial interests or personal relationships that could have appeared to 

nfluence the work reported in this paper. 
10 
cknowledgements 

The current work was supported by Taif University Researchers 

upporting Project number (TURSP-2020/29), Taif University, Taif, 

audi Arabia. 

eferences 

[1] H.K. Eltzschig, P. Carmeliet, Hypoxia and Inflammation, N. Engl. J. Med. 17 
(2011) 656–665, doi: 10.1056/NEJMra0910283 . 

[2] C. Franceschi, J. Campisi, Chronic inflammation (inflammaging) and its poten- 

tial contribution to age-associated diseases, J. Gerontol.: Biol. Sci. 69 (2014) 
4–9, doi: 10.1093/gerona/glu057 . 

[3] H. Kühn, V.B. O’Donnell, Inflammation and immune regulation by 12/15- 
lipoxygenases, Prog. Lipid Res. 45 (2006) 334–356, doi: 10.1016/j.plipres.2006. 

02.003 . 
[4] W.L. Smith, D.L. Dewitt, R.M. Garavito, Cyclooxygenases : structural, Cellular, 

and Molecular Biology, Annu. Rev. Biochem. 69 (20 0 0) 145–182, doi: 10.1146/ 

annurev.biochem.69.1.145 . 
[5] R. Hammamieh, M. Jett, Potential roles for inhibitors of arachidonic acid 

metabolism in prevention and treatment of breast cancer, Future Lipidol. 3 
(2008) 265–271, doi: 10.2217/17460875.3.3.265 . 

[6] E.A. Dennis, J. Cao, Y. Hsu, V. Magrioti, G. Kokotos, Phospholipase A2 En- 
zymes: physical Structure, Biological Function, Disease Implication, Chemical 

Inhibition, and Therapeutic Intervention, Chem. Rev. 111 (2011) 6130–6185, 

doi: 10.1021/cr20 0 085w . 
[7] G.A. Green, Understanding NSAIDs: from aspirin to COX-2, Clin. Cornerstone 3 

(2001) 50–59, doi: 10.1016/S1098- 3597(01)90069- 9 . 
[8] C.D. Poff, M. Balazy, Drugs that target lipoxygenases and leukotrienes as 

emerging therapies for asthma and cancer, Current Drug Targets: Inflamm. Al- 
lergy 3 (2004) 19–33, doi: 10.2174/1568010043483917 . 

[9] S.H. Li , P. Zhao , H.B. Tian , L.H. Chen , L.Q. Cui , Soluble epoxide hydrolase in-
hibitor, 12-(3-adamantan-1-yl-ureido)-dodecanoic acid, represses human aortic 

smooth muscle cell proliferation and migration by regulating cell death path- 

ways via the mTOR signaling, Int. J. Clin. Exp. Pathol. 10 (2017) 8434–8442 . 
[10] D.I. Ugwu, U.C. Okoro, P.O. Ukoha, A. Gupta, S.N. Okafor, Novel anti- 

inflammatory and analgesic agents: synthesis, molecular docking and in 
vivo studies, J. Enzyme Inhib. Med. Chem. 33 (2018) 405–415, doi: 10.1080/ 

14756366.2018.1426573 . 
[11] U. Puhlmann, D. Schäfer, C. Ziemann, Update on COX-2 inhibitor patents with 

a focus on optimised formulation and therapeutic scope of drug combinations 

making use of COX-2 inhibitors, Expert Opin. Ther. Pat. 16 (2006) 403–430, 
doi: 10.1517/13543776.16.4.403 . 

[12] A. Zarghi, S. Arfaei, Selective COX-2 Inhibitors: a Review of Their Structure- 
Activity Relationships, Iranian J. Pharmaceut. Res. 10 (2011) 1–30 https://www. 

ncbi.nlm.nih.gov/pmc/articles/PMC3813081/pdf/ijpr- 10- 655.pdf . 
[13] L. Navidpour, H. Shafaroodi, K. Abdi, M. Amini, A.R.D. Mohammad H. Ghahre- 

mani, A. Shafie, Design, synthesis, and biological evaluation of substituted 

3-alkylthio-4,5-diaryl-4H-1,2,4-triazoles as selective COX-2 inhibitors, Bioorg. 
Med. Chem. 14 (2006) 2507–2517, doi: 10.1056/nejmp048288 . 

[14] B.F. McAdam, F. Catella-Lawson, I.A. Mardini, S. Kapoor, J.A. Lawson, 
G.A. FitzGerald, Systemic biosynthesis of prostacyclin by cyclooxygenase (COX)- 

2: the human pharmacology of a selective inhibitor of COX-2, Proc. Natl. Acad. 
Sci. 96 (1999) 272–277, doi: 10.1073/pnas.96.1.272 . 

[15] B.M. Psaty, C.D. Furberg, COX-2 Inhibitors — Lessons in Drug Safety, N. Engl. J. 

Med. 352 (2005) 1133–1135, doi: 10.1056/nejme058042 . 
[16] M.L. Capone, S. Tacconelli, L. Di Francesco, A. Sacchetti, M.G. Sci- 

ulli, P. Patrignani, Pharmacodynamic of cyclooxygenase inhibitors in hu- 
mans, Prostaglandins Other Lipid Mediat. 82 (2007) 85–94, doi: 10.1016/j. 

prostaglandins.2006.05.019 . 
[17] E. Fosslien , Cardiovascular Complications of Non-Steroidal Anti-Inflammatory 

Drugs, Ann. Clin. Lab. Sci. 35 (2005) 347–385 . 

[18] J. Capdevila, L.J. Marnett, N. Chacos, R.A. Prough, R.W. Estabrook, Cytochrome 
P-450-dependent oxygenation of arachidonic acid to hydroxyicosatetraenoic 

acids, Proc. Natl. Acad. Sci. 79 (2006) 767–770, doi: 10.1073/pnas.79.3.767 . 
[19] N. Chacos, J.R. Falck, C. Wixtrom, J. Capdevila, Novel epoxides formed during 

the liver cytochrome P-450 oxidation of arachidonic acid, Biochem. Biophys. 
Res. Commun. 104 (1982) 916–922, doi: 10.1016/0 0 06-291X(82)91336-5 . 

20] Y. Deng, M.L. Edin, K.N. Theken, R.N. Schuck, G.P. Flake, M.A. Kannon, L.M. De- 

Graff, F.B. Lih, J. Foley, J.A. Bradbury, J.P. Graves, K.B. Tomer, J.R. Falck, 
D.C. Zeldin, C.R. Lee, Endothelial CYP epoxygenase overexpression and soluble 

epoxide hydrolase disruption attenuate acute vascular inflammatory responses 
in mice, FASEB J. 25 (2010) 703–713, doi: 10.1096/fj.10-171488 . 

[21] X. Fang , Mike VanRollins , Terry L. Kaduce , Arthur A. Spector , Epoxye-
icosatrienoic acid metabolism in arterial smooth muscle cells, J. Lipid Res. 36 

(1995) 1236–1246 . 
22] T. Duflot, C. Roche, F. Lamoureux, D. Guerrot, J. Bellien, Design and discovery 

of soluble epoxide hydrolase inhibitors for the treatment of cardiovascular dis- 

eases, Expert Opin. Drug Discov. 9 (2014) 229–243, doi: 10.1517/17460441.2014. 
881354 . 

23] R.J. Roman, P -450 Metabolites of Arachidonic Acid in the Control of Cardio- 
vascular Function, Physiol. Rev. 82 (2002) 131–185, doi: 10.1152/physrev.0 0 021. 

2001 . 

https://doi.org/10.1056/NEJMra0910283
https://doi.org/10.1093/gerona/glu057
https://doi.org/10.1016/j.plipres.2006.02.003
https://doi.org/10.1146/annurev.biochem.69.1.145
https://doi.org/10.2217/17460875.3.3.265
https://doi.org/10.1021/cr200085w
https://doi.org/10.1016/S1098-3597(01)90069-9
https://doi.org/10.2174/1568010043483917
http://refhub.elsevier.com/S0022-2860(21)00698-0/sbref0009
http://refhub.elsevier.com/S0022-2860(21)00698-0/sbref0009
http://refhub.elsevier.com/S0022-2860(21)00698-0/sbref0009
http://refhub.elsevier.com/S0022-2860(21)00698-0/sbref0009
http://refhub.elsevier.com/S0022-2860(21)00698-0/sbref0009
http://refhub.elsevier.com/S0022-2860(21)00698-0/sbref0009
https://doi.org/10.1080/14756366.2018.1426573
https://doi.org/10.1517/13543776.16.4.403
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3813081/pdf/ijpr-10-655.pdf
https://doi.org/10.1056/nejmp048288
https://doi.org/10.1073/pnas.96.1.272
https://doi.org/10.1056/nejme058042
https://doi.org/10.1016/j.prostaglandins.2006.05.019
http://refhub.elsevier.com/S0022-2860(21)00698-0/sbref0017
http://refhub.elsevier.com/S0022-2860(21)00698-0/sbref0017
https://doi.org/10.1073/pnas.79.3.767
https://doi.org/10.1016/0006-291X(82)91336-5
https://doi.org/10.1096/fj.10-171488
http://refhub.elsevier.com/S0022-2860(21)00698-0/sbref0021
http://refhub.elsevier.com/S0022-2860(21)00698-0/sbref0021
http://refhub.elsevier.com/S0022-2860(21)00698-0/sbref0021
http://refhub.elsevier.com/S0022-2860(21)00698-0/sbref0021
http://refhub.elsevier.com/S0022-2860(21)00698-0/sbref0021
https://doi.org/10.1517/17460441.2014.881354
https://doi.org/10.1152/physrev.00021.2001


A.H. Abdelazeem, A.G.S. El-Din, H.H. Arab et al. Journal of Molecular Structure 1240 (2021) 130565 

[

[

[  

[

[

[

[

[

[  

[

[  

[

[

[

[

[

[

[

[

[

[

[

[

[

24] A. Sarkis, B. Lopez, R.J. Roman, Role of 20-hydroxyeicosatetraenoic acid and 
epoxyeicosatrienoic acids in hypertension, Current Opinion in Nephrology and 

Hypertension. 13 (2004) 204–214. https://doi.org/10.1097/01.mnh.0 0 0 0119525. 
79618.81 . 

25] A.S. Reddy, S. Zhang, Polypharmacology: drug discovery for the future, Expert 
Rev. Clin. Pharmacol. 6 (2013) 41–47, doi: 10.1586/ecp.12.74 . 

26] S.H. Hwang , K.M. Wagner , C. Morisseau , J. Liu , H. Dong , A.T. Wecksler ,
B.D. Hammock , Synthesis and Structure À Activity Relationship Studies of Ure- 

a-Containing Pyrazoles as Dual Inhibitors of Cyclooxygenase-2 and Soluble 

Epoxide Hydrolase, J. Med. Chem. (2011) 3037–3050 . 
27] G. Zhang, D. Panigrahy, S.H. Hwang, J. Yang, L.M. Mahakian, H.I. Wettersten, 

J.-.Y. Liu, Y. Wang, E.S. Ingham, S. Tam, M.W. Kieran, R.H. Weiss, K.W. Ferrara, 
B.D. Hammock, Dual inhibition of cyclooxygenase-2 and soluble epoxide hy- 

drolase synergistically suppresses primary tumor growth and metastasis, Proc. 
Natl. Acad. Sci. 111 (2014) 11127–11132, doi: 10.1073/pnas.1410432111 . 

28] E.M. Antman, D. DeMets, J. Loscalzo, Cyclooxygenase inhibition and cardiovas- 

cular risk, Circulation 112 (2005) 759–770, doi: 10.1161/CIRCULATIONAHA.105. 
568451 . 

29] M.A. Hye Khan, S.H. Hwang, A. Sharma, J.A. Corbett, B.D. Hammock, J.D. Imig, 
A dual COX-2/sEH inhibitor improves the metabolic profile and reduces kid- 

ney injury in Zucker diabetic fatty rat, Prostaglandins Other Lipid Mediat. 125 
(2016) 40–47, doi: 10.1016/j.prostaglandins.2016.07.003 . 

30] A .H. Abdelazeem, A .G. Safi El-Din, M.M. Abdel-Fattah, N.H. Amin, S.M. El- 

Moghazy, M.T. El-Saadi, Discovery of novel urea-diarylpyrazole hybrids as dual 
COX-2/sEH inhibitors with improved anti-inflammatory activity and highly re- 

duced cardiovascular risks, Eur. J. Med. Chem. 205 (2020) 112662, doi: 10.1016/ 
j.ejmech.2020.112662 . 

[31] S.G. Khanage, A. Raju, P.B. Mohite, R.B. Pandhare, Analgesic Activity of Some 
1, 2, 4-Triazole Heterocycles Clubbed with Pyrazole, Tetrazole, Isoxazole and 

Pyrimidine, Adv Pharm Bull 3 (2013) 13–18, doi: 10.5681/apb.2013.003 . 

32] R.D. Hunashal, P.M. Ronad, V.S. Maddi, D. Satyanarayana, M.A. Kamadod, 
Synthesis, anti-inflammatory and analgesic activity of 2-[4-(substituted 

benzylideneamino)-5-(substituted phenoxymethyl)-4H-1,2,4-triazol-3-yl thio] 
acetic acid derivatives, Arabian J. Chem. 7 (2014) 1070–1078, doi: 10.1016/j. 

arabjc.2011.01.003 . 
33] F.H. Havaldar, A.R. Patil, Syntheses of 1, 2, 4 triazole derivatives and their bio-

logical activity, E-J. Chem. 5 (2008) 347–354, doi: 10.1155/2008/394737 . 

34] R.J. Slingh , D.K. Singh , Syntheses, Characterization and Biological Screening of 
Some Novel 1,2,4-Triazole, Asian J. Res. Chem. 2 (2009) 536–538 . 

35] B. Jiang, Y. Zeng, M.J. Li, J.Y. Xu, Y.N. Zhang, Q.J. Wang, N.Y. Sun, T. Lu, X.M. Wu,
Design, synthesis, and biological evaluation of 1,5-diaryl-1,2,4-triazole deriva- 

tives as selective cyclooxygenase-2 inhibitors, Arch. Pharm. (Weinheim) 343 
(2010) 500–508, doi: 10.10 02/ardp.20 090 0227 . 

36] H.C. Shen, B.D. Hammock, Discovery of Inhibitors of Soluble Epoxide Hydro- 

lase : a Target with Multiple Potential Therapeutic Indications, J. Med. Chem. 
53 (2011) 1789–1808, doi: 10.1021/jm201468j . 

37] X.Y. Lu, Z.C. Wang, T. Wei, X.Q. Yan, P.F. Wang, H.L. Zhu, Design, synthesis 
and evaluation of benzenesulfonamide-substituted 1,5-diarylpyrazoles contain- 
11 
ing phenylacetohydrazide derivatives as COX-1/COX-2 agents against solid tu- 
mors, RSC Adv. 6 (2016) 22917–22935, doi: 10.1039/c6ra02168a . 

38] M.S. Mohamed, Y.E. Mansour, H.K. Amin, M.E. El-Araby, Molecular modelling 
insights into a physiologically favourable approach to eicosanoid biosynthe- 

sis inhibition through novel thieno[2,3- b ]pyridine derivatives, J. Enzyme Inhib. 
Med. Chem. 33 (2018) 755–767, doi: 10.1080/14756366.2018.1457657 . 

39] K.R. Schmelzer, B. Inceoglu, L. Kubala, I.H. Kim, S.L. Jinks, J.P. Eiserich, 
B.D. Hammock, Enhancement of antinociception by coadministration of non- 

steroidal anti-inflammatory drugs and soluble epoxide hydrolase inhibitors, 

Proc. Natl. Acad. Sci. U.S.A. 103 (2006) 13646–13651, doi: 10.1073/pnas. 
0605908103 . 

40] C.A . Winte, E.A . Risley, G.W. Nuss, Carrageenin-Induced Edema in Hind Paw of 
the ‘Rat as an Assay for Antiinflammatory Drugs, Proc. Soc. Exp. Biol. Med. 111 

(1962) 544–547, doi: 10.3181/00379727-111-27849 . 
[41] D.B.E.J. Koster R. , M. Anderson , Acetic Acid For Analgesic Screening, Fed. Proc. 

18 (1959) 412 . 

42] C.A. Lipinski, F. Lombardo, B.W. Dominy, P.J. Feeney, Experimental and compu- 
tational approaches to estimate solubility and permeability in drug discovery 

and development settings, Adv. Drug Deliv. Rev. 64 (2012) 4–17, doi: 10.1016/j. 
addr.2012.09.019 . 

43] Y.H. Zhao, M.H. Abraham, J. Le, A. Hersey, C.N. Luscombe, G. Beck, B. Sher- 
borne, I. Cooper, Rate-limited steps of human oral absorption and QSAR stud- 

ies, Pharm. Res. 19 (2002) 1446–1457, doi: 10.1023/A:1020444330011 . 

44] Molinspiration Cheminformatics www.molinspiration.com/services/properties. 
html , (n.d.). 

45] A.W. Ingersoll, S.H. Babcock, Hippuric Acid, Org. Synth. (1932) 140, doi: 10. 
1007/978- 3- 540- 71095- 0 _ 4765 . 

46] G.E. VandenBerg, J.B. Harrison, H.E. Carter, B.J. Magerlein, 2-Phenyl-5- 
Oxazolone, Org. Synth. (1967) 101–101, doi: 10.1002/0471264180.os047.32 . 

[47] F.K. Behbahani, T.S. Daloee, The Dakin-West analogue reaction: improve- 

ments and applications, Monatsh. Chem. 145 (2014) 683–709, doi: 10.1007/ 
s00706- 013- 1140- 2 . 

48] G.W. Sawd, Rearrangement of 4-Arylazo-2-phenyloxazolin-5-ones : a New Syn- 
thesis of 1H-1,2,4- Triazoles, J. Am. Chem. Soc. 79 (1957) 1955–1956, doi: 10. 

1021/ja01565a051 . 
49] G.E.D.A .A . Abuo-Rahma, M. Abdel-Aziz, N.A. Farag, T.S. Kaoud, Novel 1-[4- 

(A minosulfonyl ) phenyl ]-1H-1,2,4-triazole derivatives with remarkable selective 

COX-2 inhibition: design, synthesis, molecular docking, anti-inflammatory and 
ulcerogenicity studies, Eur. J. Med. Chem. 83 (2014) 398–408, doi: 10.1016/j. 

ejmech.2014.06.049 . 
50] X.Y. Lu, Z.C. Wang, T. Wei, X.Q. Yan, P.F. Wang, H.L. Zhu, Design, synthesis 

and evaluation of benzenesulfonamide-substituted 1,5-diarylpyrazoles contain- 
ing phenylacetohydrazide derivatives as COX-1/COX-2 agents against solid tu- 

mors, RSC Adv. 6 (2016) 22917–22935, doi: 10.1039/c6ra02168a . 

[51] G.A. Gomez, C. Morisseau, B.D. Hammock, D.W. Christianson, Structure Of Hu- 
man Epoxide Hydrolase Reveals Mechanistic Inferences On Bifunctional Catal- 

ysis In Epoxide And Phosphate Ester Hydrolysis, Biochemistry 43 (2004) 4716–
4723, doi: 10.1021/bi036189j . 

https://doi.org/10.1097/01.mnh.0000119525.79618.81
https://doi.org/10.1586/ecp.12.74
http://refhub.elsevier.com/S0022-2860(21)00698-0/sbref0026
http://refhub.elsevier.com/S0022-2860(21)00698-0/sbref0026
http://refhub.elsevier.com/S0022-2860(21)00698-0/sbref0026
http://refhub.elsevier.com/S0022-2860(21)00698-0/sbref0026
http://refhub.elsevier.com/S0022-2860(21)00698-0/sbref0026
http://refhub.elsevier.com/S0022-2860(21)00698-0/sbref0026
http://refhub.elsevier.com/S0022-2860(21)00698-0/sbref0026
http://refhub.elsevier.com/S0022-2860(21)00698-0/sbref0026
https://doi.org/10.1073/pnas.1410432111
https://doi.org/10.1161/CIRCULATIONAHA.105.568451
https://doi.org/10.1016/j.prostaglandins.2016.07.003
https://doi.org/10.1016/j.ejmech.2020.112662
https://doi.org/10.5681/apb.2013.003
https://doi.org/10.1016/j.arabjc.2011.01.003
https://doi.org/10.1155/2008/394737
http://refhub.elsevier.com/S0022-2860(21)00698-0/sbref0034
http://refhub.elsevier.com/S0022-2860(21)00698-0/sbref0034
http://refhub.elsevier.com/S0022-2860(21)00698-0/sbref0034
https://doi.org/10.1002/ardp.200900227
https://doi.org/10.1021/jm201468j
https://doi.org/10.1039/c6ra02168a
https://doi.org/10.1080/14756366.2018.1457657
https://doi.org/10.1073/pnas.0605908103
https://doi.org/10.3181/00379727-111-27849
http://refhub.elsevier.com/S0022-2860(21)00698-0/sbref0041
http://refhub.elsevier.com/S0022-2860(21)00698-0/sbref0041
http://refhub.elsevier.com/S0022-2860(21)00698-0/sbref0041
https://doi.org/10.1016/j.addr.2012.09.019
https://doi.org/10.1023/A:1020444330011
http://www.molinspiration.com/services/properties.html
https://doi.org/10.1007/978-3-540-71095-0_4765
https://doi.org/10.1002/0471264180.os047.32
https://doi.org/10.1007/s00706-013-1140-2
https://doi.org/10.1021/ja01565a051
https://doi.org/10.1016/j.ejmech.2014.06.049
https://doi.org/10.1039/c6ra02168a
https://doi.org/10.1021/bi036189j

	Design, synthesis and anti-inflammatory/analgesic evaluation of novel di-substituted urea derivatives bearing diaryl-1,2,4-triazole with dual COX-2/sEH inhibitory activities
	1 Introduction
	2 Rational design
	3 Materials and methods
	3.1 Chemistry
	3.2 Biological evaluation
	3.2.1 In vitro COX-1/COX-2 inhibitory activities
	3.2.2 In vitro sEH inhibitory activity
	3.2.3 Determining the anti-inflammatory activity using carrageenan-induced paw edema assay
	3.2.4 Determining the analgesic activity using acetic acid-induced writhing test

	3.3 Physicochemical parameters

	4 Results and discussion
	4.1 Chemistry
	4.2 Biological evaluation
	4.2.1 The in vitro assay
	4.2.2 In vivo screening activity

	4.3 Molecular docking
	4.4 Physicochemical parameters

	5 Conclusion
	Credit author statement
	Declaration of Competing Interest
	Acknowledgements
	References


