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Abstract. It has been found that the second isoform of COX enzyme known as COX-2 plays an important role in
inflammation and rheumatoid arthritis and osteoarthritis. Thus, designing COX-2 inhibitors to treat inflammation is
among the most important goals of researchers. In this study, the inhibitory effect of 3 new imidazole derivatives on
COX-2 was evaluated by in silico approach. Molecular docking was done using Autodock Vina and the best binding
mode of inhibitors was used as input of molecular dynamics (MD) simulation. MD was performed using Gromacs
software for 120 ns. Then, structural and thermodynamic analyzes (AGeinding) and prediction of physicochemical
properties were performed. RMSD data showed the compounds reached a good equilibrium and had favorable stability
during simulation. Also, the RMSF showed that due to binding of inhibitors, the fluctuations of complexes decreased
and the active site residues had the lowest amount. Rg, SASA and DSSP analysis showed that the protein structure did
not change significantly. It was also found that Ser530 and Tyr355 residues play a more effective role in hydrogen bond
formation. Physicochemical parameters determined the good drug-likeness properties for all compounds. Structural and
thermodynamic analyzes (MM-PBSA) and ICso data indicate the favorable inhibitory effect of compound 5b.
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Table 1. The new imidazole derivatives designed on the basis of SAR method.
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Figure 1. The LIGPLOT diagrams of compounds 5b, 5d and 5e; Hydrogen bonds are shown by dashed (green) lines
and hydrophobic contacts between protein and ligand are indicated by (red) spoked arcs.
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Figure 2. RMSD of the alpha carbon atoms of COX-2 in the simulated systems.
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Figure 3. RMSF of the alpha carbon atoms of COX-2 in the simulated systems.
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Table 2. The occupancy of hydrogen bonds formed between COX-2 enzyme and inhibitors.

COX-2 Inhibitors % Exist
TYR348 OH 5b N4 11.90
ALAS27 N 5b 023 3.38
TYR385 OH 5b N4 36.74
SERS530 oG 5b N13 10.06
SERS530 oG 5b N26 2.65
TYR348 OH 5d N4 3.06
TYR385 OH 5d 024 61.97
SERS530 oG 5d N14 11.01
SERS530 oG 5d 024 3.08
SERS530 oG 5d N27 33.02
TYR385 OH Se N4 25.06
SERS530 oG Se 022 2.71
SERS530 oG Se N25 10.21
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Figure 7. The number of amino acids having the secondary structure of a-helix, random coil and B-sheet.
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Figure 8. MM-PBSA plot for simulated complexes providing the binding free energy components.
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Table 3. Physicochemical properties of the studied inhibitors.

TPSA Lipinski
a b c d _ f
Compound M, LogP HBD HBA (A2 n-RB Violation
5b 403.71 1.02 1 5 83.98 6 0
5d 414.65 1.11 0 6 113.06 6 0
Se 402.08 1.69 0 4 67.24 5 0
Lipinski RO 5 | = 500 =5 =5 =10 = 140 =10 | =1
2Molecular weight (My,).

b Logarithm of the partition coefficient between n-octanol and water (LogP).

¢Number of hydrogen bond donors (HBD).

4 Number of hydrogen bond acceptor (HBA).
¢ Topological polar surface area (TPSA).
fNumber of rotatable bonds (Nrb)

bl (g JESle (09 5 03,88 5 o510 oaias (las
S wb asie ailigh VYo Sl ogl e 5lUT ol el
—oaiiS oo sl WShoS jo (gl pf gl Gl (S0ke
o 2l 4 w3l gl el b (Sl by Sglis 0351
Fogil Y.FOY :55b oS 5 6l 2) R (nuSilio polio 4 azgi b
©lp g segl YFOF Se oS5 el YEVY 5d oS5
B A AR ARIE T3
Gl el 5B oS a bgge el gl Gl (S
oSS )3 (g RE (raSles Gl w23 (oo (LiS a3l
) s (oS all ol @ e 4 s b WK L
S Jlasl LU Jdo 4 wilg g0 a5 (gl +.Y-) o
Rg Glo Jloges cwyp b ol pogdle il il @ lo soss
29 Ol 3 Elas Sllugs liee o5 by Gy (on (F JS2)
odiiS oo Jlail (i el 05 Sl g3l et o (o
9§ AL Gefign (S9E8 n 65 iy U Gefisn 4 b
S s |y 0g bl wil anlys b sl
SASA :Silee polie (wyp 5 0 JS0 85 Sl o L
5e wape yesili YFAAOA 5d cxuye jiegil YEV.FOV 5b)
Sy (qaye yogli YEEX ¥ COX-2 5 asyo o5l YEAFOD
COX- sl SASA o5 wis [aseive onds (gjlwand OloS 3
A aib B, pals gy S oS e b oSS 0 2
opdle aile go 2ol QL B 0T 51 5 95 oo (b (sl A
@y SASA Jlais iz el o sl Jlasl o1
5 o] 425105 003 oo b Ll 0 5 L S 4 COX-2
b g opl s Laas ) 0 ld Wil anuslys e izl
Syl cinlhae o935 4 oawl ) glads slacsls
Slavisn olasd (F JS2) (Fig,ae Wi 5IUT elail L
Soyd Griged g (Siludncd Job jo el (LSS Shg,00e
SV Jsoz) 28,5 )18 b5l 0 00 o Sig (pl el

Olyee opl 4z ;20 « RMSD Lo ol 5 caslllas cpl 5o
Slyoul 4 ame oo plid (Al 5 SGoy yae 4y b)) all LS
YL polis 5 Conl o5 s g je jliSle 4 cos LS
ad 5 e b wShaS oylsle Gl S5, RMSD
b GlBl sl 5o (egn eizmen 9 o SkeS (5l
At Glo i (i Sl dp; SLS & G g 038
oyt b i caslie L3l ol sl clyy ouds g3l
g0l a5 CBF 1) Al p) lg o RMSD (Sl
51 S b 0uisS g b uSbeaS ;o COX-2 o351 RMSD
Coonl a8l ol ol olgs 4 COX-2 o3l slp jlade ol
ol pegdle wes (o i3 ) w3l 00,5 sl o b ouiiS e
S Gragl +,VAY) 5 g (el +,VYF) Sb wlus s
)ls [, RMSD (50 (25 ogllas e 1o 5 (2lee jlade
Ol sl srlio 2olly (2les 4 RMSD LT aslxil
L 5k jao 5 g Sl 5l ccannd by o5 Gllugs ol pols
Gilw 4t > 0 b @3l Slleg w2 sl RMSF
o (Y USE) RMSF jloges a0 (IS5 oS5 G Loty oolai!
5t G W S o ol Sllugs o5 23l ol
oy onl e ol b ouisS e b ShaS™ )3 (59
S, mels g mpl 4 b eaiS e Jlail 4 ly oo
* RMSF (sla 3505 gy L ogdle a0l o (52359
oSan Jhees €9 N (2ly sla il a5 2l plys
631 el Judo s ls o w3l ol 4y cnd (6 YL lilgs
S lagny; B peizes Ll ol Gl @Sl S e
JUd olole o a5 wtea plagays) WHls 1) plug (n S
ol o0 e LSl s SIS g ails 1,8 ol
Gl Sl Sbl @l &S el ny et Jelos
oeBan SO Ol Lby)l Gln olre 09 (o plx]
Wil S g n S gl n) b 4z e @y o il

180/\A-


https://ndea10.khu.ac.ir/nbr/article-1-3632-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-13 ]

Nova Biologica Reperta 10(3): 169-183 (2023)

el b 50l a5 i, ol e 53 bl ol 5d S 5
Y eV ewgabe 35d . 5hb alus s sl Y Jeus 0 ICso
sy (Kiani et al., 2018) s jls Slssean (Yaos,See Y5 5
o fSany i oSS T a s o ams o i s
3 el SLwlg 2SIl slo iiSeon ) i (ol
Sdw (Fi9p0ep sladign sl L 4 b SdeS G
b by Sl Gl Senn egm ot
Copols Jods 4 5 Sl COX-2 0551 5 5d S 5 oSS
Slo [iSed p w2 b (oS e 09,5 (S (98l
COX-2 3551 5 5b S 55 (uSlaS @ bogy o Silinsly Sl
6Pl 5o Lans, nF wslhe e oy S
Met 535 (slagass, Sb a5 3 sl 5 2% 2 JLal
2 &J5sLS —0.99) GIN350 5 (Jso » 5, )IS5LS -V .5Y)
Lys532 iy gy, oy wslhe Sd S5 (5o
2 6 ISLS Y XN) GIN350 5 (Jse 2 s )55hS -V.VY)
Ser 530 by, 5S¢ oS5 Gl 5 wes (oo
2 &S LS —0.)) Ala527 5 (Jse 5 o )IS5hS -0.YF)
ST LT ol Glaad s - JS8) azies (Jse
ST g5,y wsllae paes a5 olagay s, a5 ols o\Lis RMSF
raS Sllug & wites lagays, baas iy Lol
b oisSeny 55,0 5 35yl J18 m 3l Jd ool> o atils
BB G G 953 4 amD ol alee 0aiiS e
DL 1y (Seizdga 5 (6, E00) loslons ciliiun sl
ADO <°
Ol o ADME 5 olearissosed sl el )l b bLS,I 5o
Ieye S5 S 51 Lipinski lgh ol s s
o Ol ) emlin (291> 4l 13, adl adls Be 5l xS
dw o o> ¥ Jodz 4 ax45 L (Lipinski et al., 2001) sas
sle 4T s ol sl adly coaS canl Feov dgas 0 S S
Sl il oS 5 o ST jshien il (9l sl
w3l pg eSSVl as (TPSA) (Sijglsns (ol el
@97 2LaE G pdydsd il adly T o Jge S
Sake 0l slaeld Sl canlio oS5 G Wilg e g 04l
Sool 0l Sk (s 27 5 ol Olse a) LogP ey
Sy s g elie (Gwgd oz OluS S el &S
Syls oV Caranl LT (gl 035, Wiz gl 45 Wl coilio
rozd Cubld saums las wilb e 0l Log Pl ST
oXpdy g b oaued oo sl oady 8l Ho Al 0550 oS S
2 SUIng (b mhe Colus 5 (Sig0e dgn sl
PLSIRVEL SNt S T S KT I VL Sne- SO EP R PR €3

OF- V) VFAVAY T 0l Ve ala o pole ) g slaasil

VWL AY e Gl @) gile s Sly gl ol
sl sy slaws (Sb-COX-2  SLaeS o aglisl
Bl Ghals w3l 5 b oatiS e los oad LSE5 55,0
Cr o o3 ol 53 Seisle sla i o9 Sl
Nge gl 9 Job) p3¥ anain oS Cuul (920 4 WK 5
oo I8 ogthe (g Wem S5 lp (59008
aoyd Yl A wes s lid (Fg,0ue Mg U1 o 8
Ol odd JSiS ladign 0 (Sigmes Wgm  jea>
o oo Ser 530 5 Tyr 348 sla awlgial 5 o 00iiS Lo
s Gl 0 (JeSUge SLSTs sl oolo b gl cpl 0g
Tro @ Fhosed sadisy sl (ke @l (pl 2 opdle
o by polie ol (+.F9) Se (- £0) 5d (- £+) Sb el 45
Ng odpdy g o (slaog S slaws Sl 4 axg b ol
5V p ol 5 5b oS 5l it 5 S 35,000
S5 Ayl Se S

Jsb 0 eBgpn pgo Jle less 4 DSSP JGT o
e ¥ JS& (cwy b 058 (o0 w20y 3l and (e
o W g yle e Sl lo b uSLaS olas o a5
Ol 3l o 5 00l & bgyye g )lisbs ST cn it 0 51 oy
3o FLERVX) <° UL‘“’ ): d,».ﬁs) oy Sl bend5 turn
e W1 g yle lme COX2 03 b 56 S 5 uShoaS
Slo mle 115 e Ll €2l a8 il 5 i &
saidd Hlis pl 45 Cawl ool jeS o5 Sb oS5 e W
s gl sl oS LS e @ oyli5le plodl uals
Sboresd Oon Loy b obend 5 by wlio e (SLoS
oo o3 Wl mole b alie g, 50 coil 5,50 50 .aaile
Jlasl il o a8 85 1) ams Gl olg (o0 IS ysb 4 050
Sl 10 6,5 mi s COX-2 5l 4 b oS s
el 00l oamlice (yuiig  pgo

COX—2[§4)J| G b oS Hlge Jlas! é‘j Sl et sl
@ Jlasl AGUT cpl jo .o oolizw] MM-PBSA g, |
J)’L?' “_i.uLu..vb)».i.” ‘LS“‘J‘ﬁ)“hlﬁ LgLﬁ U"‘S 2 2 g o‘)‘o.ﬁ
S 6l 5y b (A IS8) o dslne bl 5 b g
Ry wothae) (nyfeS &5 S8y Gl (oo gl (ol &
(Jy) » ng.llfjl.:f -\#Y.-\F) 5b S A .Io9.3).4 AGbinding
wf):) AGbinding ﬁé[ﬁ.a ﬁL.; u.d)f )Ja.) 59 L e o]
AYEXPD S S5 5 e s 6 55LS VFYSAL Se
&5 (i ootlae &5 285wz Glg o (Uge p s JESLS
Colesyd g 5e cuS 5 @ bgw Sb eSS 5l aw Jlasl ol

1817V AN


https://ndea10.khu.ac.ir/nbr/article-1-3632-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-13 ]

Mollaie et al. The effect of imidazole derivatives on cyclooxygenase I1

IT 55Tl yr o] Sliiin 51 Ken 5 ko

REFERENCES

Abraham, M.J., Murtola, T., Schulz, R., Pall, S.,
Smith, J.C., Hess, B. & Lindahl, E. 2015.
GROMACS: High performance molecular
simulations through multi-level parallelism from
laptops to supercomputers. SoftwareX 1: 19-25.

Ahmed, E.M., Hassan, M.S., El-Malah, A.A. &
Kassab, A.E. 2020. New pyridazine derivatives as
selective 1COX-2 inhibitors and potential anti-
inflammatory agents; design, synthesis and biological
evaluation. Bioorganic Chemistry 95: 103497.

Bishop-Bailey, D., Mitchell, J.A. & Warner, T.D. 2006.
COX-2 in cardiovascular disease. Arteriosclerosis,
Thrombosis, and Vascular Biology 26: 956-958.

Blobaum, A.L. & Marnett, L.J. 2007. Structural and
functional basis of cyclooxygenase inhibition. Journal
of Medicinal Chemistry 50: 1425-1441.

Chandrasekharan, N.V. & Simmons, D.L. 2004. The
cyclooxygenases. Genome Biology 5: 1-7.

Daiyasu, H. & Toh, H. 2000. Molecular evolution of the
myeloperoxidase family. Journal of Molecular
Evolution 51: 433-445.

Dileep, K.V., Remya, C., Tintu, I. & Sadasivan, C. 2014.
Interactions of selected indole derivatives with COX-2
and their in silico structure modifications towards the
development of novel NSAIDs. Journal of Biomolecular
Structure and Dynamics 32: 1855-1863.

Duan, Y., Wu, C., Chowdhury, S., Lee, M.C., Xiong,
G., Zhang, W., Yang, R., Cieplak, P., Luo, R., Lee,
T., Caldwell, J., Wang, J. & Kollman, P. 2003. A
point-charge force field for molecular mechanics
simulations of proteins based on condensed-phase
quantum  mechanical calculations. Journal of
Computational Chemistry 24: 1999-2012.

El Sayed, M.T., El-Sharief, M.A.S., Zarie, E.S.,
Morsy, N.M., Elsheakh, A.R., Nayel, M.,
Voronkov, A., Berishvili, V., Sabry, N., Hassan, G.
& Abdel-Aziz, H.A. 2018. Design, synthesis, anti-
inflammatory  antitumor  activities, = molecular
modeling and molecular dynamics simulations of
potential naprosyn® analogs as COX-1 and/or COX-2
inhibitors. Bioorganic Chemistry 76: 188-201.

Essmann, U., Perera, L., Berkowitz, M.L., Darden, T.,
Lee, H. & Pedersen, L.G. 1995. A smooth particle
mesh Ewald method. The Journal of Chemical
Physics 103: 8577-8593.

Gandhi, J., Khera, L., Gaur, N., Paul, C. & Kaul, R.
2017. Role of modulator of inflammation
cyclooxygenase-2 in gammaherpesvirus mediated
tumorigenesis. Frontiers in Microbiology 8: 538.

Garcia-Aranda, M.I., Gonzalez-Padilla, J.E., Gomez-
Castro, C.Z., Gomez-Gomez, Y.M., Rosales-
Hernandez, M.C., Garcia-Baez, E.V. & Padilla-
Martinez, I.I. 2020. Anti-inflammatory effect and
inhibition of nitric oxide production by targeting
COXs and iINOS enzymes with the 1, 2-
diphenylbenzimidazole pharmacophore. Bioorganic &
Medicinal Chemistry 28: 115427.

Aoy alil dslxe pzmes A3l 30 gl gl Al
4 5,5 31 el Se 5 5b GluS 5 ol lis gl ooy, i

Ayl 1) (SThes &0

S5 A
w2 Joshe] W clitie s)le I adlllae cnl )
SiSls asile Sleslms gla bg, 5l eolizul L COX-2
ey bad pw)n (Joslse Salins s5le a5 (JsSUge
S| &5 i olg e RMSD Jie o,tisle glaslUl
als SLuS 5 ol gl RMSD e s o0 oo JLus]
ool @yl Sl Jlail cute L6 Sl &5 il
l, RMSD (ke (nyeS 58 9 Sb oS5 99 oniznon
Jlasl &S 0 aseto RMSF U1 plosl b jsbopaan izl
9 Opber b SleS Cllug hall el looassS e
Sllag Olee (nyteS shls JWb ololr laga) (rmizen
Lias 51 Sl> 50,8 SASA 5 aulp) glad slay Ul .asg
ol iogs Lo s lee JLasl §l dmy (g (6 Lo Sl
o sl Jlasl oy, 45 ols olas DSSP T o
sl AG s o] 5aisp SE5le o (608w yeas
slr @iAl gl ie i oslhe 5 eSSl las
o S o8 e o 4 0 il 9 5D LSl
S Jlal @550 Gl 50 b 23S ma n plo 51y il
ateie ol Jidl oo 5 (Shgyuee wam UL el L g
logs), o 5l i TYr 348 5 Ser 530 slagsy ), 45
2ogdle )ls o8l (59,0 Nam JSi5 )0 Jld oSl
Shs o ond el (Sislusge s 5 g )bl sl Ul
ol 45 wiols olis ADME (gl 2l ly 5 oolianisS b slo
oo (nl o a4l il (ogllae (gg)ls and U3, LS
dglio 3 5 (Soalipogay g o lbo Szl (g Jolis
S5 Y w5 ol las ICs) alfislesl slo ools b
e 0uisS s lsie 1) Sb S 5 Ol (o (g0 350

5,5 5y COX2 oyl sl

&l Sl
A Sy pale oBiils g s0))le> olRisle 5l alwginay

182/\AY


https://ndea10.khu.ac.ir/nbr/article-1-3632-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-13 ]

Nova Biologica Reperta 10(3): 169-183 (2023)

OF V) VFAVAY ¥ o)led ) e ala o i) pole ) o5 sloassly

Heidarpoor Saremi, L., Ebrahimi, A. & Lagzian, M.
2021. Identification of new potential cyclooxygenase-
2 inhibitors: insight from high throughput virtual
screening of 18 million compounds combined with
molecular dynamic simulation and quantum
mechanics. Journal of Biomolecular Structure and
Dynamics 39: 1717-1734.

Hoover, W.G. 1985. Canonical dynamics: Equilibrium
phase-space distributions. Physical Review A 31:
1695-1697.

Kapoor, M., Shaw, O. & Appleton, 1. 2005. Possible
anti-inflammatory role of COX-2-derived
prostaglandins:  implications  for  inflammation
research. Current Opinion in Investigational Drugs 6:
461-466.

Kiani, A., Rezaee, E. & Tabatabai, S.A. 2018. Novel
group of imidazole derivatives as atypical selective
cyclooxygenase-2 inhibitors: design, synthesis and
biological  evaluation.  Iranian  Journal  of
Pharmaceutical Research (IJPR) 17: 78-86.

Lipinski, C.A., Lombardo, F., Dominy, B.W. &
Feeney, P.J. 2001. Experimental and computational
approaches to estimate solubility and permeability in
drug discovery and development settings. Advanced
Drug Delivery Reviews 46: 3-26.

Mahoney, M.W. & Jorgensen, W.L. 2000. A five-site
model for liquid water and the reproduction of the
density anomaly by rigid, nonpolarizable potential
functions. The Journal of Chemical Physics 112:
8910-8922.

Mbonye, U.R., Yuan, C., Harris, C.E., Sidhu, R.S.,
Song, 1., Arakawa, T. & Smith, W.L. 2008. Two
distinct pathways for cyclooxygenase-2 protein
degradation. Journal of Biological Chemistry 283:
8611-8623.

Nosé, S. 1984. A unified formulation of the constant
temperature molecular dynamics methods. The
Journal of Chemical Physics 81: 511-519.

Parrinello, M. & Rahman, A. 1981. Polymorphic
transitions in single crystals: A new molecular
dynamics method. Journal of Applied Physics 52:
7182-7190.

Patrono, C. 2016. Cardiovascular effects of
cyclooxygenase-2 inhibitors: a mechanistic and
clinical perspective. British Journal of Clinical
Pharmacology 82: 957-964.

Pearlman, D.A., Case, D.A., Caldwell, J.W., Ross,
W.S., Cheatham III, T.E., DeBolt, S., Ferguson, D.,
Seibel, G. & Kollman, P. 1995. AMBER, a package
of computer programs for applying molecular
mechanics, normal mode analysis, molecular
dynamics and free energy calculations to simulate the

sokok ook

How to cite this article:

structural and energetic properties of molecules.
Computer Physics Communications 91: 1-41.

Phillis, J.W., Horrocks, L.A. & Farooqui, A.A. 2006.
Cyclooxygenases, lipoxygenases, and epoxygenases
in CNS: their role and involvement in neurological
disorders. Brain Research Reviews 52: 201-243.

Rao, P. & Knaus, E.E. 2008. Evolution of nonsteroidal
anti-inflammatory drugs (NSAIDs): cyclooxygenase
(COX) inhibition and beyond. Journal of Pharmacy &
Pharmaceutical Sciences 11: 81-110.

Rouzer, C.A. & Marnett, L.J. 2009. Cyclooxygenases:
structural and functional insights. Journal of Lipid
Research 50: 29-34.

Smith, W.L., DeWitt, D.L. & Garavito, R.M. 2000.
Cyclooxygenases: structural, cellular, and molecular
biology. Annual Review of Biochemistry 69: 145-
182.

Sobolewski, C., Cerella, C., Dicato, M., Ghibelli, L. &
Diederich, M. 2010. The role of cyclooxygenase-2 in
cell proliferation and cell death in human
malignancies. International Journal of Cell Biology
2010: 1-21.

Tanabe, T. & Tohnai, N. 2002. Cyclooxygenase
isozymes and their gene structures and expression.
Prostaglandins & Other Lipid Mediators 68: 95-114.

Trott, O. & Olson, A.J. 2009. AutoDock Vina:
improving the speed and accuracy of docking with a
new scoring function, efficient optimization, and
multithreading. Journal of Computational Chemistry
31:455-461.

Van Hecken, A., Schwartz, J.I., Depré, M., De
Lepeleire, 1., Dallob, A., Tanaka, W., Wynants, K.,
Buntinx, A., Arnout, J., Wong, P., Ebel, D., Gertz,
B. & De Schepper, P.J. 2000. Comparative
inhibitory  activity of rofecoxib, meloxicam,
diclofenac, ibuprofen, and naproxen on COX-2 versus
COX-1 in healthy volunteers. The Journal of Clinical
Pharmacology 40: 1109-1120.

Wang, J., Morin, P., Wang, W. & Kollman, P.A. 2001.
Use of MM-PBSA in reproducing the binding free
energies to HIV-1 RT of TIBO derivatives and
predicting the binding mode to HIV-1 RT of efavirenz
by docking and MM-PBSA. Journal of American
Chemical Society 123: 5221-5230.

Wu, W., Owino, J., Al-Ostaz, A. & Cai, L. 2014.
Applying periodic boundary conditions in finite
element analysis. SIMULIA Community Conference.
Available from: https://www.3ds.com/newsroom/press-
releases/dassault-systemes-opens-2014-simulia-
community-conference-highlighting-simulation-
age-experience.

Mollaie, Z., Karami, L., Rezaee, E. & Karimi, G. 2023. Investigating the inhibitory effect of new imidazole derivatives
on cyclooxygenase Il enzyme with computational approach. Nova Biologica Reperta 10: 169-183. (In Persian).

sloail . Slalre o Sog, b IT 5U5S 1ol M}JT}.G}”IMI o Slitie gl Sl oy IFY S 00y 9l (PLEy e (05 ) 2o

NPANVAY Ve s pele jo g

183/VAY


https://ndea10.khu.ac.ir/nbr/article-1-3632-fa.html
http://www.tcpdf.org

