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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 (ΔGbinding) 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 IC50 data indicate the favorable inhibitory effect of compound 5b. 
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 )Chandrasekharan et al., 2004 .(   C*6�D  COX 	   5���   %  
.&B%6*�  ����  COX-1  %  COX-2  A>)  60  �2  65  ���    A8��2 

 ���#2  ����  (   (+�   A>  COX-1   �"  576   #,4!D  �4+�  %  COX-2   "� 

587  #,4!D  �4+�  `4-�2  
��   (+�   )Smith et al., 2000 ( .  &F 

 %    C*6�D   ̀ !��   A+   �*��>�+#�4�%�   "#��!  �,�)F   A>  �   `41)2 
 T,*��#B   M4:2%&7  GH�   .����   W*   �*��>�+#�4�%�   .��1_   64�    #�% 
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��  %   A*6U2 5&*e7  0D   �� 
 C4j,2   �!�,>  )Rouzer et al., 2009; Mbonye et al., 

2008 ( .   
    C*6�D  COX  W*  M4:2%&7  �*��k  5&+�&+  (+�  A>  A8   ��#� 

W*  &
*� #!#F  �    l&/   m��k  ��&X  A�B&'  (+�  )Blobaum et 

al., 2007.(  &F  W*  "�   &*"   5�F�O�%  M*�  &
*�   "�  A+   M4!%   
`4-�2   
��  :(+�  1 (  M4!%   �#�>�B  ���  �!��47�(Epidermal 
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 � 	  %  �   
5�1���  �,4!D  M4:2%&7  )N  (9�,4!&2  ��&X   ��   %  A8  A�4+%  W*  
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2007; Rouzer et al., 2009( .  
     &F   %   .&B%6*�  COX   C*6�D  5�F   %   5 &-�
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��*��   9�QB 

 �6U!   3�,�)F   (4��QB   5"��f4)>�#�-4+  %  (4��QB  .5"��4)>�&7 
 M4�%�  .�X   �   6�,+   ='��+%&7*�� M   	�F   64�%��4F  5�F�4Z4�#�)B 
m��k  A8   A�4+%   "�Z4�#�)B2A   5�&8  �4�#2  W4�%�4���D  �4+�   �"D 
 .(+�  COX   �    (4��QB   	5"��f4)>�   ���8�   W4�%�4���D   �4+�  �� 

 A�f4)>�  �!  �,>  �2   M*��='��+%&7  2G  . "�)8  �Q8  "�   0D  (4��QB 

5"��4)>�%&7 	  2PG   ��   A8  2PH   ̀ *�<2  �!  �,>   ) te Sobolewski

al., 2010; Kapoor et al., 2005 .(  

   C*6�D  COX-1  A8  `-�   �
K�   �   5��4)8  "�  9#�+  �F  %  (B�8  
5�F  0�8  �4�#2   �!   #�  %  9#:)!  �4�#2   M*��='��+%&7  5�F  

`4$   �   5�F�,*�&B  W*\#�#*64B  .(+�  A8  M4
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��  W*  C*6�D   ����$   )Housekeeping Enzyme(   ��
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�,,> )Phillis et al., 2006; Tanabe et al., 2002.( �   ̀ 8�H!  
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al., 2016; Bishop -Bailey et al., 2006.(  9���  %  A�8�H!   �8  
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 ���+�  ��  )Garcia-Aranda et al., 2020.(  M4,J
F   �  

��F%f7  &�*   5�&8   �8�*"��  ��H��!   �*��  M*"��*&47  A8  0�#,/ 

�,,>��1!  5�F  ���V�$�  COX-2	  "�  T,4>�   ��#-�#!  


 ���+�  ��  )Ahmed et al., 2020.(  �   M4
F  9�O  �   AQ��E!  
5�  &�*   5�&8  |�   -�
/ &   
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)El Sayed et al., 2018.(  M4,J
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F  ��H��!   9%�,*�   �8   C*6�D  COX-2  A8 

�#j,!  �4�#2  NSAID  �F5  	M*#�  "�   T,4>�    %  A4<�  5"�+ 
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 ���+� �� )Dileep et al., 2014.(  
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	AQ��E!  A8  �#j,!  |�   .64��-!  ��#-�#!  9�V2�  ��1!  
�,,>  �F  A8  

C*6�D  COX-2	  "�  b%�  5�F  T,4>�   ��#-�#!  %  A4<�   5"�+  
W4!�,*   ��#-�#!  
 ���+�   .��  A8  9�<�   .�U��  A4<�   5"�+  
W4!�,*   #-�#!��   A8   ��!  120   	A4��R#���  64���D 5�F  5���$�+  

 �,��!  N�&���  �e�   M4���4!  y8&!  )Root mean square 

deviation, RMSD	(  (B�  %  64$  �e�  M4���4!  y8&!   )Root 

mean square fluctuation, RMSF	(  `4��2  ~�Q�   0#4+�&*\  
)gR gyration, of Radius	(  `4��2  ��#47  5�F  ��\%��4F  )-H

bond	(  `4��2  ���$�+   .%   )Define secondary structure 

of protein, DSSP	(   ̀ 4��2  vE+  �   ^&�+    9=O  
)Solvent accessible surface area, SASA(  %  M4,J
F  

64���D   �-4!�,* #!&2  `4��2  5\&��   �"D  9�V2�  �8  b%�  MM-

PBSA  ) Boltzmann Poisson-Mechanics Molecular

Area Surface(  .�U��  .��  
%=/  &8  0D  &�!���7 5�F  
�*�4
4�#-*64B  ��<4>&2  %  ]�#$  ADME  )Absorption, 

distribution, metabolism, excretion( 64� �8�*"��  .����  
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 �!D  5"�+  ���$�+  3  5�Q8   
�,,>��1!  �F  "�  I%   �%&+  
CORINA   )  https://www.mn-am.com/online_demos 
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B3LYP/6-311++G**  "�  ����  5���*�7  %   ̀ -�  +�,F �  
A,418  .����  G47  "�  .�U��  T,4>�   ��#-�#!  ���8�  �$�+��  3  
5�Q8  C*6�D  "��f4)>�#�-4+  �  9�V2�  �8  W*  
�,,>��1!   W4!�,�!)  
(�4+�   �8  A+�,�  5IKR  "�  
��*�7  
 � PDB    

)https://www.rcsb.org(  ��&@�+�  .��  (�/  I�@���   M*� 
���$�+  M�#�%"�   s�8   %  C)4��'��   ���)��  0 #8  0D   #8 .   Y7  "�  0D 
(
)X 5�F  &4k 5�%&x "� ���$�+ M4:2%&7 NeO  .����    

?6$)�� ���*���  

   �   t�8  5"�)��!  ��#-�#!   �8  
 ���+�  "�  b%�  	T,4>�   (1�  
5&4'  I#�E!  W*  9#-�#!   �8  ��#-�#!  &�*   �   a��X   W*  a4>&2  

Y-�Z
>   �+�&8   �!   . #�  �F�'D  "�  W*  (1�  5&4'  I#�E!  
5�&8  �*#��47  ���X   9�V2�   �*  ���)8�%   9�V2�   %   �8   
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ΔG   9�V2�   y8�2)  "�4�!�  (�F   .�U��  �!   . #�  �    M*�   	AQ��E!  
5�&8  .�U��  T,4>�   ��#-�#!  "�  .&�  ��6B�  Autodock Vina  

)http://vina.scripps.edu(  
 ���+�   ��  )Trott et al,. 

2009(. �   �P T,4>�   	��#-�#!  M4:2%&7  (8�R  %  ����4�  rEQ,! 
�   j�&  A�B&'   .��  5�&8  �4�#2   ̀ *�B   5�F  pdbqt  "�  .&�   ��6B� 

AutoDock tools (V 1.5.6) 
 ���+�  .��  �   �P  �,*�&B   
 �!D  
5"�+  ���$�+  M4:2%&7  %  
�,,>��1!  	�F  5�&8  ���$�+  M4:2%&7  C2� 

0\%��4F  AB�x�   
��  %  ��8   �K6�  kollman  �   &j�  A�B&'   .��  
M4,J
F  5�&8  ���$�+  �F����4�  64�  ��8  �K6�  Gasteiger  ���� 

.��  �   (*�1�  �8  ����  0 &>  ��8   %  A�#'  �
2�  )atom type(   5�&8 
&F   W*  "�  M4:2%&7  )COX-2 (   %   �F����4�  ��1!)  
�,,>   (�F 	  

���$�+  5�F  M4:2%&7  %  ����4�  A8  ��#�  A��'���  %  �8  (!&B  
pdbqt  
 �!D  ����.  5�&8  T,4>�   
�,,>��1!  �F  %  C*6�D    �Q8�  

grid box  A8)  0�#,/   �*�{B  A>  T,4>�   �   0D  .�U��   �!   	( #�  
30 ×30  ×30  % ��V�@!  6>&! grid box 3.8 8.7 11.5 �  &j�  

A�B&'   .��   Y7  "�   .�U��  T,4>�   ��#-�#!	  M*&�18pose5�F  

�8�@���  &8  ^�+�  5\&��  9�V2�   ����4�  �F  �8   C*6�D  COX-2   A8  
�#j,!  �+�&8  CF&8  G,>  5�F  M48  
�,,>��1!  �F  %  C*6�D   �8  


 ���+�  "�  .&�  ��6B�  LIGPLOT  
 )https://www.ebi.ac.uk/thornton-srv/software/LigPlus/ ( 

 �#!  �+�&8  ��&X   �,�B&'   ̀ -�)1(   %   }*���   ̀ !��  5\&��  9�V2�  
 ����4� �F  )bindingGΔ(  %   CF&8  G,>   5�F  M48  M4:2%&7   %   �F����4�  
�+�&8  %  M*&�18  (��O   ���V2�  A>  &8   ̂ �+�  M*&�
>  5\&��  2� 9�V  

 #8 5�&8 A4<� 5"�+ W4!�,*  ��#-�#! I�@��� .��   

,@�$ ����  A$��6��  ���*���  

    5�&8  �+�&8  S4X    &2   W4!�,*   C�)4+   	�F  ��4K6�  ��#-�#!   %  
A8  (+   0 �%D  ��/=P�  5���$�+  %  �-4!�,* #!&2  y!��   &2  

(<)�  A8  C�)4+   5�F  A4<�  5"�+   
��  "�  b%�  A4<�  5"�+  
W4!�,*   ��#-�#!  
 ���+�   .��  M4,J
F  �8  A�#2  A8  �*�*#7  
C�)4+  5�F W*\#�#48 %�b A4<� 5"�+ W4!�,*  ��#-�#!  5�&8 
�8�*"��  5�F  5���$�+   %  �-4!�,* #!&2  M*�  C�)4+   �F  b%�  
��4)8  �<+�,!  (+�.  �   M*�   
\%&7  5�&8  .�U��  A4<�  5"�+  "�   .&� 
��6B�  Y-!%&'  2018  )https://www.gromacs.org(  �8   .�'  

���!"  2  #�
B  A4��R  
 ���+�   ��  )Abraham et al., 2015( . 
(*6!  +�
 ���  "�  M*�  .&�  ��6B�  (4�8�X  ���<4��7  "�  #���~  0��4!  
5�F  %&4�  5�&8  ~�#��  C�)4+  5�F  ��)*"  .(+�  �   A�O&!  	�Q8   "�  

0��4!  5%&4�  Amber99SB  A>  0��4!  %&4�* �  "�  ~#�  .�
2   �
2�  
)all-atom(  	(+�  5�&8  A4<�  5"�+  G@8  &7 �,4:2%  
 ���+�   ��  
)Duan et al., 2003(.  5�&8  �4�#2  #25\#�#7  M4:2%&7  "�  .&�   ��6B�  

Y-!%&'   %  5�&8  �4�#2  5\#�#7#2  ����4�  "�  9%\�!  antechamber  

�   .&�  ��6B�  Amber  
 ���+�  ��  )Pearlman et al., 1995(. 
5 %�%  M*�  .&�  ��6B�  `*�B  pdb  n#8&!  A8  �F����4�  %  ��%&$   0D  

`*�B  5�F  5\#�#7#2  %  5���$�+  5�&8  ����4�  .(+�  �   	A!� �  
�Z
>Y-  M4:2%&7- ����4�  �   6>&!  A<Q�  A4<�  5"�+  �8   A���B  
0.9  &�!#���  "�  
��#*   A<Q�  ��&X  
 �   ���� .  "�   9�!  ID  TIP3P  

5�&8  9=O  ��#7  A<Q�  A4<�  5"�+  %  "�  0#*  &�>  5�&8   �p,$ 
5"�+  ��8  �-*&�-��  C�)4+  
 ���+�  ��  )Mahoney et al., 

2000.(  �   A!� �  5�&8  W* 6�  0��  A8  i*�&�  
 #2  5�   %  "�  M48  
0 &8  ��&R�  	5"&!  "�  PBC   �*  i*�&�  5"&!   I%�,�!   
 ���+�   ��  

)Wu et al., 2014(.  5�&8   "�  M48  0 &8   CF&8   G,>   5�F  
	I#�E!��  5\&��  `4)���7  �8  %   b%�  M*&2�,2   GF�>  %  0�* �&'  

�% 6!  �   500  .�'  `X��O  ���+�   .��  �Q8  "�  0D  5�&8  A8   9 �Q2  
0���+�   ���$�+   Y-�Z
>  �F 	  2  A�O&!  A8  2 9 �Q  ���+�  �   
 &�,F 5�F  )Ensemble (  NVT  �    5�!   300  M*#�>   %  NPT  

�   5�!   300  M*#�>  %  ���B  1  ��8  .�U��  .��  A8  M*�  �#j,!   "�  
���+#!&2  
"#�  -�%�F  %  ���+%��8  #�,*��7  
 ���+�  ��  )Nose., 

1984; Hoover., 1985; Parrinello., 1981(.  &F  W*  "�  
9 �Q2  ���+�  �F  �   
"�8  ���!"  500  A4��R#-47  .�U��  .��  "�  ~�Q�  

EXy  1.2  &�!#���  5�&8  G,-
F&8  5�F  0�%  �)��%�   %  "�  b%� 
PME  5�&8  G,-
F&8  5�F    &8  �,�8  W42��+�%&�-��  
 ���+�   ��  

)Essmann et al., 1995(.  5�&8  (8�R  A��  M���   C2�  5�F  
Y-�Z
>  M4:2%&7- ����4�  �   9#P  9 �Q2   ���+�   	9%�  4X �  
(4QX#!  �8  (8�R  5%&4�  1000  9%\#�4>  &8  9#!  &8  &�!#���   y8&!  

9�
/� ��  �2  iHB 9#-�#!  5�F ID W4!�,*  A���  .�,��8  Y7  "�  
9 �Q2  ���+� 	  ]�#$  ��&�,>  �,��!  �!  	  ���B  %  ����_   C�)4+  
5�F  A4<�  5"�+  	
��  �+�&8   .����  �   (*�1�  A�O&!  A�#
� 

5�� &8  )A�O&!  &$D  "�  �,*�&B  MD(  A8   ��!  120  A4��R#���  �   
 &�,F  NPT  .�U��   ��  %  ��%&$   �F  &F  30  #-47  A4��R  �    ̀ *�B  
&4)!  
&4$�  .����  M4,J
F  `*�B  &4)!  �8   
 ���+�  "�  .&�  ��6B� 

VMD  �#! �8�*"�� �&X� (B&' . 

�,��-� �:��� ���(  B�C+�  

   5�&8  M4
@2  �5\&�   �"D   9�V2�  ��1!  
�,,>  �F  A8   	C*6�D  b%� 
MM-PBSA % ��68� g_mmpbsa  )https://rashmikumari. 

github.io/g_mmpbsa/ (    �#!  
 ���+�  ��&X  .(B&'   b%�  
MM-PBSA  b%�  5&R#!   (+�  A>  A8  `-�  
 &�)'  5�  5�&8 

M4
@2  5\&��   �"D  M48  C*6�D   %  ��1!   
�,,>  �F   
 ���+�  �!    #�  
)Wang et al., 2001.(  �8  M*�  	b%�  5\&��   �"D   9�V2� 
)bindingGΔ (  5�&8   Y-�Z
>   5�F  
�,,>��1!  %   C*6�D  2-COX   %  

C1+  G,-
F&8  5�F  r��@!  	W42��+�%&�-��)  	�)��%����%  9=O  
��#7   �<EX   %   (�<EX&4k  5�&8  .�
2   Y-�Z
>  �F  A<+��!   .��  "� 

 [
 D

ow
nl

oa
de

d 
fr

om
 n

br
.k

hu
.a

c.
ir

 o
n 

20
25

-1
2-

13
 ]

 

                             4 / 15

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


A�B�* ��� 	��)*" .#�/ �  M*#� 5�F10 
��
� 	3 :183 -169 )1402 (Nova Biologica Reperta 10(3): 169-183 (2023)                                                     

 

  173/173 

 

&�*   5�*�6!  b%�  MM-PBSA  �!  0�#2   A8  ?@�!   0��  
C1+  %�*"��F  A<+��!�   bindingGΔ  
����   . &>  &8  ^�+�  M*�  

	b%�  ��5\&   �"D  9�V2�  M48  C*6�D  %  
�,,>��1!  "�  9#!&B  &*" 
A<+��! �!  : #�  

ΔGbinding = ΔGMM-PBSA = ΔGgas + ΔGsol  

gasGΔ  &���48  5\&��  G,-
F&8  M48  C*6�D  %  
�,,>��1!  �   "�B  
5"�' (+� % "� `��O y
� eleEΔ G,-
F&8) &�-��(W42��+�% % 

vdWEΔ  CF&8) G,>  (�)��%����%  `4-�2 �!  : #�  
ΔGgas= ΔEvdw + ΔEele 

	M4,J
F  solGΔ  &���48  5\&��  9=O  ��#7  (+�  %  "�   ~#
U!  
&* �H!  5\&��  5�F   9=O  ��#7   �<EX  )polGΔ(   % 

)�<EX&4knonpolGΔ(  A8 (+   �!  :�*D  
ΔGsol = ΔGpol + ΔGnonpol 

    D��
� 

    �+�&8  }*���  T,4>�    ��#-�#!  `-�)  1(  0���    �   A>  &F  3  
a4>&2  5b	  5d   %  5e   �8  #,4!D  �4+�  Tyr 385   �   `4-�2  ��#47  

��\%��4F  (>���!   .����   M4,J
F  #,4!D  �4+�  �*�F  �,��!  Phe 

205	  Phe 209	  Tyr 348  %  Phe 381  G,-
F&8  5�F  Π-Π  
T,4-�+�  ��  �8  AH�O  5�F  W42�!%�D   #�#!  �   ���$�+   �F����4�  

&X&8��  
 &>   %  5�F�4+�#,4!D  Leu 531  %  Val 34964�   �  
G,-
F&8  5�F I#B%��4F (>���! �!  .�,,>   

    5�&8  �8�*"��  }*���  A4<�  5"�+   �Q8  "�  A�O&!   	�4�#2   %    5&+  
64���D   �#!  �+�&8  ��&X  :(B&'  A�+   	9%�  64���D  5�F  5���$�+ 
`!��  RMSD 	RMSF  	  Rg  %  DSSP  %  A�+   	.%   64���D  

�-4!�,* #!&2  �8  b%�  MM-PBSA  A>   �8  .�U��  M*�   	64���D  

5\&��  �"D 9�V2� %  C1+ ~�#��  G,-
F&8  �F  �  5\&�� 9�V2�  0�4!  
C*6�D  %  
�,,>��1!  �F  ?@�!  .��  �    �1���   �'f*%   5�F  #-*64B 

�*�4
4�   %  5�F&�!���7  ADME  5�&8  �+�&8   ���B�  �*%��    M*�  
��<4>&2 �8�*"�� .����   

E$�-+  F��-�� �G#  $��$>��   H��� )RMSD ( 

   `4��2  RMSD  5��4Q!  5�&8  �8�*"��  5���*�7  ��>  A4<�  
5"�+  %  5���*�7  Y-�Z
>   5�F  ��1!  
�,,>  %  C*6�D  COX-2 

.(+�  ���H!  RMSD   M8&>  5�F  ���D5  C*6�D  COX-2   �8  (�e'  
0�!"   %  �   A)*�H!   �8  ���$�+  y�&!  ���$�+)   �Q8  "�  `X��O   ���+�  

(5\&��  5�&8  C*6�D  COX-2   A8   �*�1,2   %  �    Y-�Z
>   �8  ��1!  

�,,>  �F   �8�*"��  ��   ̀ -�)  2.(  &* �H!  M4���4!  RMSD  A8  
��#�  &*"  :(+�  5b  )176,0  (&�!#���  5d  )191,0  (&�!#���	5e  

)181,0 (&�!#��� %  M4:2%&7 A8 �*�1,2 )217,0  .(&�!#��� 

�-+$E  K�� 
 <$ ' �G#  �$ >��$�  H��� )RMSF ( 

   A_&'�  RMSD  ��/=P�  �8#$  �   AE8��  �8  5���*�7   A4<� 
5"�+  �F  %   Y-�Z
>  �F  �   ��4�$�  �!  ��&X  �!  	�F   �!�  M�)��   

N�&���  A���B  "�  ���$�+   A4�%�  5�&8  ^�-Q��  ��>&O   �K6�  
C�)4+  �B�>  3()4�  A8  M4
F  �#j,!  "�  64���D  RMSF   
 ���+� 

��   �2  0�64!  N�EQ��  5&*e7  ���$�+   Y-�Z
>   �F   �8�*"��   #�  A> 
}*���  0D  �   `-�  3  `8�X   �+�&8  .(+�  �   A!� �  5�&8  &F   A4<�  

	5"�+  A8  M*&�
>  0�64!  ����+#�  
����  �!  : #�  5�&8  a4>&2  
5b	  M*&�
>  0�64!  n#8&!  A8  Ile 304	  a4>&2  5d	  n#8&!  A8 

Phe 20  %  �   a4>&2  5e	  M*&�
>  0�64!  0�+#�  A8  Ala 302 	  

Phe 198 % Ser 530  ]�V�$�  ��  .  

 
B
"# 1-  ��H��!   ��%"��4
*� �*�� �O�&P 
��  �8 b%� SAR .  

Table 1. The new imidazole derivatives designed on the basis of SAR method. 
 

Structure Compound

/IC50 (µM) 
Structure Compound

/IC50 (µM) 
Structure 
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E*@  1-  �� #
�  LIGPLOT  ����4�  5�F  5b	  5d  %  5e3  G,-
F&8  5�F  ��#47   ��\%��4F   M48  M4:2%&7  %  ����4�  �8   i$  M4_  (6<+)  %  CF&8   G,>  5�F  
 W48#B%��4F  i+#2 0�
>   6!&X T��  G*�
� 
 �   �!  .��#�  

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. 

 

             
E*@ 2 - RMSD  M8&> 5�F ���D COX-2 �  C�)4+ 5�F A4<�   5"�+ 
�� .  

Figure 2. RMSD of the alpha carbon atoms of COX-2 in the simulated systems. 
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E*@ 3- RMSF M8&>  5�F  ���D COX-2 �  C�)4+ 5�F  A4<� 5"�+   .
��  

Figure 3. RMSF of the alpha carbon atoms of COX-2 in the simulated systems. 
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E*@ 4 - ~�Q�  0#4+�&*\ COX-2  �   C�)4+ 5�F A4<�  + 5"� .
��  

Figure 4. Radius of gyration for COX-2 in the simulated systems.  
 

 
E*@ 5- vE+  �  ^&�+    9=O 5�&8  ��<4>&2 5b,5d, 5e % Celecoxib  �  �P A4<� 5"�+ .  

                  Figure 5. Solvent accessible surface area for compounds 5b, 5d, 5e and Celecoxib during the simulation. 

 

 
E*@ 6-  ��Q2 ��#47 5�F ��\%��4F  5�&8 a4>&2  5�F 5b	 5d % 5e �  �P A4<� .5"�+ 

Figure 6. The number of hydrogen bonds during the MD simulation for 5b, 5d and 5e. 
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B
"# 2-   ���   �#{O  ��#47 5�F ��\%��4F  0�4! C*6�D  COX-2 % 
�,,>��1!  .�F 

Table 2. The occupancy of hydrogen bonds formed between COX-2 enzyme and inhibitors. 
 

COX-2 Inhibitors %Exist 

TYR348 OH 5b N4 11.90 

ALA527 N 5b O23 3.38 

TYR385 OH 5b N4 36.74 

SER530 OG 5b N13 10.06 

SER530 OG 5b N26 2.65 

     

TYR348 OH 5d N4 3.06 

TYR385 OH 5d O24 61.97 

SER530 OG 5d N14 11.01 

SER530 OG 5d O24 3.08 

SER530 OG 5d N27 33.02 

     

TYR385 OH 5e N4 25.06 

SER530 OG 5e O22 2.71 

SER530 OG 5e N25 10.21 

 

 

@E* 7-  ��Q2 #,4!D �*�F�4+� A>  ���$�+ .%  helix	  sheet	 coil	 turn %  bend .����   
Figure 7. The number of amino acids having the secondary structure of α-helix, random coil and β-sheet. 

 

 
E*@ 8-  �� #
� MM-PBSA  5�&8 ��<4>&2  A4<� 5"�+  
��  A8 
�&
F C1+  5�6��  5\&�� � .9�V2  

Figure 8. MM-PBSA plot for simulated complexes providing the binding free energy components. 
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E*@ 9-  �� #
�  C1+   �F%�*"� �  5\&��  �"D 9�V2�   5�&8 a4>&2  5�F 5b	 5d % 5e .  
Figure 9. The residue contribution in binding free energy of 5b, 5d and 5e. 
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B
"# 3- �'f*% 5�F #-*64B  �*�4
4� 
�,,>��1!  5�F  �#!  .�+�&8  

Table 3. Physicochemical properties of the studied inhibitors. 
 

Compound Mw
a LogPb HBDc HBAd TPSA 

(A2)e n-RBf Lipinski 

Violation 

5b 

5d 

5e 

Lipinski RO 5 

403.71 

414.65 

402.08 

 

1.02 

1.11 

1.69 

 

1 

0 

0 

 

5 

6 

4 

 

83.98 

113.06 

67.24 

 

6 

6 

5 

 

0 

0 

0 

 
 

a Molecular weight (Mw). 
b Logarithm of the partition coefficient between n-octanol and water (LogP). 
c Number of hydrogen bond donors (HBD). 
d Number of hydrogen bond acceptor (HBA). 
e Topological polar surface area (TPSA). 
f Number of rotatable bonds (Nrb) 

 

    �   M*�  	AQ��E!  &8  ^�+�  `4��2  RMSD   	  &F  A_  M*�  0�64! 
&�
>   ���8   �*)   A8  &��   W* 6�  &2   (���8   0���   �!   �F    A>  N�&���  

��$�+�  (<)�  A8  ���$�+  y�&!  ��4)8   C>  (+�   %  &* �H!   5s�8  
RMSD  &���48  N�&���  5���$�+  Y-�Z
>  �F  Y7  "�  A4<� 

5"�+  Y-�Z
>  �F   %  M4,J
F  M4:2%&7  �   ���8�  G*�6B�   ��47  

 &>   %  YZ+  A8   ��<R  
�4+�  .(+�  �,Q*  C�)4+  5�F  A4<� 

5"�+  
��  5�&8   .�U��  &*�+  �F64���D  a+�,!  .�,�)F   �8   �+�&8  
 M4���4!  RMSD   �!  0�#2  M*�  AU4��  ��   (B&'   A>   &* �H!  
RMSD  C*6�D  COX-2  �   Y-�Z
>  �8  
�,,>��1!   �F  &�
>  "� 

M*�  ���H!  5�&8   C*6�D  COX-2  A8   �*�1,2  .(+�   M*�  A�B�*   (4
F�  
 
�,,>��1! �F  �   ���*�7 0 &> C*6�D ��  0���  �!  .�F   
%=/ &8  0D  

��<4>&2  5b  )176,0   	(&�!#���  %  5e  )181,0  M*&�
>(&�!#��� 
���H! M4���4!  % �  AU4�� I#�E! M*&2 0�64! RMSD �� .����     

   "�  A>�U�D  64���D  RMSD  A8  �*�1,2  &�!���7   �<+�,!  5�&8  0���  
0 �   0�64!  ����+#�  C2�  �F  	()4�  "�  (B�  %  64$  �e�  M4���4!   �*  

RMSF  5�&8  �+�&8  ����+#�  C2�   �F  �    M4O  A4<�  5"�+ 

 ���+�  .��  �8  W*  
���  ��>  A8  ��� #
  RMSF   ̀ -�)3(   �!  

0�#2  (B�*�   A>  ����+#�   C2�  5�F  M8&>  5���D  M4:2%&7  &��48  "� 
M4:2%&7  �   Y-�Z
>   �8   
�,,>��1!   �F   .(+�   (�/   M*�  
�*�7   ��  

�!  0�#2  A8  9�V2�  
�,,>��1!  �F  A8  C*6�D  %  GF�>   ��>&�2  
M4:2%&7  (<)�   . �    A8   
%=/  �8  �+�&8  5�F�� #
�  RMSF   �!  

0�#2  (B�*�   A>   C2�   5�F  �O�#�  N  %  C  9�,4!&2  M4:2%&7 
����+#�  5&2s�8  (<)�  A8   &*�+  C2�   �F   .����   `4�    M*�  &!�  5 �"D  
|&�2  C2�  5�F   �*�1���  .(+�  M4,J
F  &p>�  �*�F%�*"�   A>  
&�
>M*  0�+#�  ��  ����   �*�F%�*"�  �,�)F  A>  �   
��*��   9�QB  
C*6�D ��&X A���  %  ����4� A8  �1�D `V�! 
�� (+�.    

    ̀ 4��2   ~�Q�  0#4+�&*\  A>  5�&8  �8�*"��  ��&44[2  5���$�+ 
.�U��  �!  	 #�  5��4Q!  5�&8  �8�*"��  0�64!  �' &�B   M4:2%&7  
.(+�  �   yX�%  &F  A_  ~�Q�  0#4+�&*\  W*  M4:2%&7  &�
>   	���8  

0���  
�,F    C>�&�!  %  
 &�B  &2  0 #8  ���$�+  M4:2%&7  .(+�   �8  
.�U��  M*�  ��D64�   �    
"�8   ���!"  120  A4��R#���  ?@�!   ��   A>  

M4���4!  0�64!  ~�Q�  0#4+�&*\  �   Y-�Z
>  5�F   
�,,>��1! -
C*6�D  �%��2  ��4)8  �>���  �8  ~�Q�  0#4+�&*\  C*6�D  A8  �*�1,2   ��  .  

�8  A�#2  A8  &* �H!  M4���4!  Rg  5�&8)  a4>&2  5b:  2.453   	&�!#���  
a4>&2  5d:  2.471  	&�!#���  a4>&2  5e	  2.454  &�!#���   %  5�&8 

%&7M4:2  2.431  (&�!#���  �!  0�#2  (�'  �   M48  M*�   ��<4>&2  
M*&�
>  0�64!  ~�Q�  0#4+�&*\  n#8&!  A8  a4>&2  5b  .(+�  M*� 


 �   �F  0���  �!  �,F   0�64!  M4���4!  Rg  M4:2%&7   �    Y-�Z
>  
�8   ����4�  �F  (<)�  A8  M4:2%&7  A8  �*�1,2  G*�6B�  �
>  A���   � ) 

�O  0.1-0.2  ���(&�!#  A>  �!  ���#2  A8  `4�   &4R�2  9�V2�   ��1!  

�,,>  �F  A8  C*6�D  .���8   
%=/   &8  0D  �8  �+�&8  �� #
�  5�F  Rg 

`-�)  4(  �!  0�#2  (B�*�   A>  0�64!  ����+#�  ~�Q�  0#4+�&*\  �  
�P  0�!"  A4<�  5"�+  ��4)8   C>  	(+�  �,Q*   9�V2�   ��1!   
�,,>  

�F  A8  M4:2%&7  &4R�2  C�_  5&4'  &8  �' &�B  M4:2%&7  A�����   %  
���$�+ F�  A�)��#2 ��� ��<R  #$ �� ��O .�,,>  

    �8  �   &j�  M�B&'  `-�  5  %  �+�&8  &* �H!  M4���4!  SASA  
)5b  247.457  &�!#���   	y8&!  5d  249.858  &�!#���   	y8&!  5e  

248.455  y8&!&�!#���   %  COX-2  244.303  &�!#���  (y8&!  5�&8 
��<4>&2   A4<�5"�+  
��  ?@�!  ��  A>  SASA  5�&8  COX-

2  �    Y-�Z
>   �8  �1!�
�,,>�F  W*  ��%�  ��F�>  ��  �2  A4��R  80  
A4<�  5"�+  �P  �!�,>   %  Y7  "�  0D  �2   0�*�7   (8�R  �! .���!   
%=/  

&8  0D  9�V2�   
�,,>��1!  �F  &4R�2  ����,_   &8  ���H!  SASA   5�&8  
COX-2  A8   ̀ -�   �1,2   %   �   9�V2�   �8   
�,,>��1!  A�����  (+�   %  

���$�+�F  A�)��#2  ���  ��<R   #$   ��  ��O  .�,,>  M*�   AU4��5&4'   �8  

 � 5�F ~�Q� 0#4+�&*\ A8  �8#$ (H8�E!  . ��   

    �8  .�U��  64���D  ��#47  ��\%��4F  `-�)  6	(   ��Q2   5�F��#47  
��\%��4F  `4-�2   
��  �    9#P  A4<�5"�+  %  M4,J
F   ���   

�#{O M*�  ��#47  �F   �#!  �8�*"��  ��&X  (B&'  9%��)  2(.  �   �$&8 

 [
 D

ow
nl

oa
de

d 
fr

om
 n

br
.k

hu
.a

c.
ir

 o
n 

20
25

-1
2-

13
 ]

 

                            12 / 15

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


A�B�* ��� 	��)*" .#�/ �  M*#� 5�F10 
��
� 	3 :183 -169 )1402 (Nova Biologica Reperta 10(3): 169-183 (2023)                                                     

 

  181/181 

 

"�  
"�8  5�F  ���!"  A4<�  5"�+  A8)  0�#,/  9�p!  67   �2  73  
A*#��R#���   �   Y-�Z
>  5b-COX-2 	(   ��Q2  ��#47   5�F  

��\%��4F  `4-�2  
��  0�4!  
�,,>��1!   �F  %   C*6�D  GF�>   A�B�*  
%  ��O  A8  &��   �!  �+� 	   ̀ 4�   M*�  &!�  0D  (+�  A>   �8  A�#2  A8 

W4!�,*   0 #8  C�)4+  5�F  	W*\#�#48  �   M*�  
"�8  �F  (1� 
5&4'   ����4�  8A  5#��  (+�  A>  A+�,F  ."s  9#P)  %  A*%�"   ��#47  

(��\%��4F  5�&8  `4-�2  ��#47  ��\%��4F  I#�E!  `-�  �
� 
. &4'  64���D   ��#47  ��\%��4F  0���  �!   �F   A>  M*&2s�8   ���   
�#{O   47��#  ��\%��4F  �   5�F��#47  `4-�2  
��   0�4!  

 
�,,>��1!   �F   %  �4+�#,4!D  5�F  Tyr 348  %  Ser 530   
�*    �!  
. #�  M*�   }*���  �8   
 �   5�F  T,4>�   ��#-�#!   �   S8�E2   .�,�)F  
 
%=/   &8  M*�   	}*���  M4���4!   ��Q2   5�F��#47   ��\%��4F   A8  d&� 

&*"  :(+�  5b  )0.60( 	  5d  )0.65 (	  5e  )0.46(.   M*�  &* �H!  ��   �!  
0�#2  �8  A�#2   A8  A-,*�    ��Q2  
%&' 5�F   
�,F    %  
��&*e7   ��#47  

��\%��4F  a4>&2  5d  &��48  �"  a4>&2  5b  %  0D  CF  &��48  "� 
a4>&2 5e 	(+� A4�#2 . &>  

   �   64���D  DSSP	  A8  ��&44[2  ���$�+  .%   M4:2%&7  �   9#P 
0�!"  A4<�  5"�+  A�$� &7   �!  . #�  �8  �+�&8  `-�  7  �! ?@  
��  A>  �   �!�
2  Y-�Z
>  �F  ���$�+  a��k  �47��!  ���D   .(+�  
Y7  "�  0D  M*&��48  �&2C>  5���$�+  n#8&!  A8  coil  %  Y7  "�   0D  

turn  %bend  �F   .(+�  �+�&8  S4X   &2  0���   �!   �F   A>   �   
Y-�Z
>  a4>&2  5e  �8  C*6�D  COX-2  0�64!  �47��!  ���D  (<)� 

A8  C*6�D  �1,2  G*�6B�  �
>  A���   �!�  0�64!  C>�&2  �47��!   5�F  
���D  �    a4>&2  5b  �
>  &�
>  
��  (+�  A>  M*�  0���   
�,F   

GF�>  .�U)��  5���$�+  A8  4!0�6  ��4$  C>  .(+�  5�&8  .�
2 
Y-�Z
>   	�F  �����   ��8  %  bend  �F  �<*&H2  0%�8  &44[2   �X�8  

 .�����!  �    �#!  coil  64�  ���%�  A8��!   �8  �47��!   ���D  
�*    �!  
. #�  A8  �#P   ��>   !�  0�#2  M*�  AU4��  ��  (B&'  A>  �   &R�   9�V2�  
��1!   
�,,>   �F  A8   C*6�D  COX-2  &44[2  _C�  5&4'  �    ���$�+  
.%  M4:2%&7  
�F��! 
���  .(+�  
    5�&8  M4
@2 5\&��  �"D  9�V2� ��1!  
�,,>  �F  A8  C*6�DCOX-2   

"�  b%�  MM-PBSA  
 ���+�  .��  �   M*�  64���DΔG  9�V2�   A8  

�&
F  C1+  CF&8  >G,  5�F  ��%����%�)	  	W42��+�%&�-��  9=O 
��#7  �<EX  %  �<EX&4k  A<+��!  ��  )`-�  8.(  �8  W*  
���   ��>  

A8  M*�  ��� #
  �!  0�#2  (B�*�   A>  M*&�
>  I#�E!)   (M*&2  

bindingGΔ  n#8&!  A8  a4>&2  5b   )162.014-  5&��>#�4>  &8  (9#! 
.(+�  M4,J
F  �8  �   &j�  M�B&'  &*�+  &* �H!  bindingGΔ  ) a4>&2  

5e  147.689-  5&��>#�4>  &8  9#!  %  a4>&2  5d  126.365 -  
5&��>#�4>  &8  (9#!   �!  0�#2  4��AU  (B&'  A>  I#�E!  M*&2  5\&�� 

 �"D  9�V2�  �Q8  "�  a4>&2  5b  n#8&!  A8  a4>&2  5e  %  (*�1��  

a4>&2  5d  (+�.  0�*��  &>�   (+�  M*�   ��%�  �O�2  5 �*"  �8  &�!���7 

50IC �  9%�� 1 5�&8)  ��<4>&2  5b  	  5d   %  5e   A8  a42&2  0.71 	  3 

%  3.6  �s#!%&-4!(  ���#@
F   ��   )Kiani et al., 2018.(   �+�&8  
 �F   0���   �!   �F    A>  �   &F  3  Y-�Z
>   C1+   G,-
F&8   5�F  

0�%  �)��%�   &��48  "�  G,-
F&8  5�F  W42��+�%&�-��  .(+�  �  
M48   Y-�Z
>  �F  A8   ̀ 4�    ��Q2   5�F��#47   ��\%��4F  	&��48 

M*&��48  C1+  ,-
F&8G  5�F  W42��+�%&�-��  n#8&!  A8 
Y-�Z
>  a4>&2  5d  %  *6�D  CCOX-2  (+�  %  A8  `4�   ��$ (4  
0%&�-��  �'�,F   
%&'   	�)>#�!  M*&��48  C1+  G,-
F&8   5�F  

W42��+�%&�-��  n#8&!  A8  Y-�Z
>  a4>&2  5b  %  *6�D  CCOX-2 

(+� .   }*���   �+�&8   C1+   I#�E!   M*&2   %�*"� �F   �    5\&��  
 9�V2�   A8   d&�   &*"   � :(+   �    a4>&2  5b   %�*"� 5�F  Met 535 

 )7.61 -   5&��>#�4>   &8   9#! (   %  Gln350   )5.96 -   5&��>#�4>   &8  
 	(9#!   a4>&2  5d 	   I#�E!   M*&2   �F%�*"�   A8   a42&2  Lys532  

 )7.71 -   5&��>#�4>   &8   9#! (   %  Gln350   )7.31 -   5&��>#�4>   &8  
 9#! (   �,�)F   %   5�&8   a4>&2  5e   5�F%�*"�  Ser 530  

 )5.74 -   5&��>#�4>   &8   9#! (   %  Ala527   )5.1 -   5&��>#�4>   &8  
 9#! (   �,�)F   ) ̀ -�  9 (.  �+�&8  0�!6
F  M*�  64���D   �8   64���D  

RMSF  0���   �   A>  �*�F%�*"�  A>  C1+  �8#�E!  �   5\&��    �"D  
9�V2�   	����    �2�
/   �*�F%�*"�   �,�)F  A>   ����+#�  5&�
> 

	A���   �    
��*��   9�QB   C*6�D  ��&X  ����   %  &4'�    G,-
F&8   �8  
�1!
�,,>�  .�,�)F  M*�  AU4��   8A  �8#$  ���#@
F  M48   }*���  

64���D5�F  r��@!  �2�<+��!  5���$�+)  %  (�-4!�,* #!&2  ��  0��� 
�!  .�F   
   �   n�<2��  �8  5�F&�!���7  �*�4
4�#-*64B  %  ADME  �!  0�#2  

3(�'  &8  ^�+�  M4��#X  Lipinski  &'�  W*  a4>&2  .&�  ��#-�#! 
&�
>  "�  500  A���   	���8  ���B�  A<�  �*%��   �<+�,!  ��  0���  �! 

F �  (Lipinski et al., 2001).  �8  A�#2    A89%��  3  .&�  &F  A+ 
a4>&2  �    %�O  400  (+�  A>  �!  �,��#2  "�  M*�  &j�  A,*6'   5�F  
a+�,!  �*%��   .�,��8  �#E,4
F  &'�  W*  a4>&2  5���    (O�)! 

vE+   �<EX  �-*\#�#7#2  )TPSA(  &�
>  "�  140  .%&�)��D   ���8  
% &)>  ��#!  M48 130-40 A���    	���8 5&*e7�#��  �*��k  �8#$  

 ��   %  �!   ���#2  W*  a4>&2  a+�,!  �*%��    ��
�X  . #�  ���H! 
8A,41 LogP A8) 0�#,/ 5��4Q!  "� �8&_  (��+%  &���48 M*�  (+�  

A>  .�
2  ��<4>&2  �8&_  ��+%   a+�,!   %  �+&�+    ��)*"  
�<+�,!  ����   A>  5�&8  Ie�  
 %�  5�  �1�D  (4
F�  �*s�8   . ��   

&'�  0�64!  Log P  "�  5  &��48  ���8  0���   
�,F   (4�8�X   y
U2  
4>&2a   �#!  &j�  �    (B�8   
��"  .(+�    ��Q2  
�,F    �F   %   
��&*e7  
5�F   ��#47  ��\%��4F  %  (O�)!  vE+  �<EX  �-*\#�#7#2  �  


 %��!  �<+�,!  .�,�)F  M*�  
 �   �F  ?@�!  �!  �,,>   A>  

 [
 D

ow
nl

oa
de

d 
fr

om
 n

br
.k

hu
.a

c.
ir

 o
n 

20
25

-1
2-

13
 ]

 

                            13 / 15

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


�*=! .0���-
F %  "��f4)>�#�-4+ &8 ��%"��4
*� ��H��! &R�II                    Mollaie et al. The effect of imidazole derivatives on cyclooxygenase II  

 

182/182 

 

��<4>&2   �#!  &j�  "�  M4��#X  Lipinski  2(4Q<   �!  �,,>  %  ���B�  
A<�  �*%��    �8#�E!  64�   .����   M4,J
F  A<+��!  &�!���7   ���   

Ie�  
 %�  5�  0���    �   >&2��<4  5b  %  5e  (4�8�X  5��e'&R�  A8 
��#� �>��#$ �� .����   

  

   �]$
�  ��$/  

    �   M*�  AQ��E!   &R�  5��1!  ��H��!   �*��   ��%"��4
*�  &8   C*6�D  
COX-2  �8   
 ���+�  "�  b%�  5�F  �2�<+��!  �,��!  T,4>�  
��#-�#!  %  A4<�  5"�+   W4!�,*   ��#-�#!  �+�&8  � .�   �8  A�#2  A8 

64���D5�F  5���$�+  `p!  RMSD  �!  0�#2   (�'  A>   Y7  "� 
9�V2�   
�,,>��1!   �F  0�64!  RMSD  5�&8   .�
2   ��<4>&2   GF�>  
(B�*  A>  &���48  &4R�2  (<p!  9�V2�  ��<4>&2  &8   C*6�D   .(+�  

M4,J
F  %   a4>&2  5b  %  5e  M*&�
>  M4���4!  RMSD  �� 
.�,���   M4
F�#P   �8   .�U��  64���D  RMSF  ?@�!   ��  A>   9�V2�  


�,,>��1!�F  t/�8  �>GF  ����+#�  Y-�Z
>�F  �! #�   %  
M4,J
F  5�F%�*"�  
��*��   9�QB  5���   �
>M*&  0�64!  ����+#� 

 .�� #8  64���D 5�F   ~�Q�  0#4+�&*\  %  SASA   &F   %    �>�O  "�  ��O 
��<R  5���$�+  M4:2%&7  �Q8  "�  9�V2�  
�,,>��1!  �F  .�� #8   
%=/  

&8  0D  64���D  DSSP  0���   �   A>  �    7�  9�V2�  
�,,>��1!   �F  
&44[2  C�_  5&4'  �   ���$�+  M4:2%&7   �U*�   .���  ΔG   9�V2�  
0���   �   M*&�
>  %  I#�E!  M*&2  ���H!  M*�  5\&��  5�&8 

Y-�Z
>  5b  %  C*6�D  . #8  A8  
%=/  C1+  &8  CF  G,>   5�F  
�%Y��%���  "�  &*�+   &8   CF  G,>  �F   �   0�64!  5\&��  9�V2�  &��48 

. #8   �8  .�U��  64���D   ��#47  ��\%��4F  %  ���   ��9�[  0D  ?@�! 
�� A> F%�*"� 5� Ser 530 % Tyr 348 &��48 "� &*�+  5�F%�*"�  

 
��*��  9�QB  �   `4-�2   ��#47  �\%��4F�   (>���!   .����    
%=/   &8  
64���D5�F  5���$�+  %  �-4!�,* #!&2  .�U��   	
��  �+�&8   �'f*%  
5�F  �*�4
4�#-*64B  %  5�F&�!���7  ADME  0���  �� �   A>  *� M  

��<4>&2  ���B�  A<�  �*%��   �8#�E!  .����   A�B�*  5�F  M*�   GF%f7  
`!��  �+�&8  5�F64���D   5���$�+  %  �-4!�,* #!&2  %  64�  A)*�H!  

�8  
 �    5�F   �F���*�!"D  50IC  0���   �   A>  "�  M48  3  a4>&2 
�#!   �+�&8  �!  0�#2  a4>&2  5b  ��  A8  0�#,/  
�,,>��1!   a@�,!  

5�&8 C*6�D COX-2   �B&Q!  . &> 

 

   ���'>��^�  

    �8A�4+#,*  "�  
�����   "��#$ �!  %   
�����   .#�/  �-�67   �41�  
���18  ��� ��X % &-�2 �!  . #�  

  
 

   REFERENCES 
Abraham, M.J., Murtola, T., Schulz, R., Páll, 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., Gómez-

Castro, C.Z., Gómez-Gómez, Y.M., Rosales-

Hernández, M.C., García-Báez, E.V. & Padilla-

Martínez, I.I. 2020. Anti-inflammatory effect and 

inhibition of nitric oxide production by targeting 

COXs and iNOS enzymes with the 1, 2-

diphenylbenzimidazole pharmacophore. Bioorganic & 

Medicinal Chemistry 28: 115427. 

 [
 D

ow
nl

oa
de

d 
fr

om
 n

br
.k

hu
.a

c.
ir

 o
n 

20
25

-1
2-

13
 ]

 

                            14 / 15

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


A�B�* ��� 	��)*" .#�/ �  M*#� 5�F10 
��
� 	3 :183 -169 )1402 (Nova Biologica Reperta 10(3): 169-183 (2023)                                                     

 

  183/183 

 

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, I. 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, I., 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 

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, I., 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. 

 

***** 

   How to cite this article: 

Mollaie, Z., Karami, L., Rezaee, E. & Karimi, G. 2023. Investigating the inhibitory effect of new imidazole derivatives 

on cyclooxygenase II enzyme with computational approach. Nova Biologica Reperta 10: 169-183. (In Persian). 

 3��4�  .�   3���)   3.B  �2�1 3�  .�  
   3�%��)  ._  1402.  �+�&8   &R�   5��1!   ��H��!  �*��   ��%"��4
*�   &8   C*6�D   "��f4)>�#�-4+  II   �8   -*%� &  �2�<+��!.  A�B�*5�F 

M*#�  �   .#�/ ��)*" 10: 169-183 . 

 [
 D

ow
nl

oa
de

d 
fr

om
 n

br
.k

hu
.a

c.
ir

 o
n 

20
25

-1
2-

13
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            15 / 15

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

