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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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     �D C*6   "��f4)>�#�-4+   �*   A8   ��V�$�  COX 	   M*��='��+%&7  H 
 "��,+ 5  (+�   A>   Q�!S�   A8  
 �#��$&8�  #�4!   "��4)>�&7�F  (+� 

 )Daiyasu et al., 2000.(  GH�  M*�   	C*6�D  `*�<2   W4�%�4���D 
 �4+�  )Arachidonic Acid=AA (   A8  M*��='��+%&7   �F  .(+� 

M*��='��+%&7  �F   %  ��<4>&2   A8��!   AE+�%   �F5  �*�4
4�  �   0�8 
 �,�)F   A>   ���$�+  5�4Z4�   %   A<�  ��%&�)�>   ����   %   �8   &4R�2  &8 
 
��&4'   5�F   �    9�V2�  �8  G   4:2%&7	M  (4��QB  �!  �,,> 

 )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�    #�% 

  ��   A>  iHB  �    ���$�+  COX-2  
�*   
��  %   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 

Growth Factor(  A>  5%�*"�  34  �2  72  ��  `4-�2  
 � 	  %  �   
5�1���  �,4!D  M4:2%&7  )N  (9�,4!&2  ��&X   ��   %  A8  A�4+%  W*  
��#47   5   5�4��#+  (jB��!  
��   �   ���$�+  M4:2%&7  ��&X 

A�B&'  (+� .  2(  M4!%   9�V2�  �*��k  A>  5%�*"�  73  �2  116  �� 

`4-�2   �!   �F    %  A/#
U!  5�  "�  4  -4�F Y   ��!D  W42�7  (+�  
A>  M4:2%&7  ��  A8   ��k  `V�!  �!  .�,>  3 (  M4!%   W4�4��2�> 

`!��  ���$�+5�F  ���D   Y-4�F  (jB��!  
��  �   G@8  C  
9�,4!&2  M4:2%&7  (+�.  M*�  M4!%   `!��  2  
��*��  9�QB  �6U! 	  

�-*  n#8&!  A8   &-�
/  5"��f4)>�#�-4+  C*6�D  %  5&�*   n#8&! 
A8   &-�
/  5"��4)>%&7  �D*6C  (+�.  
%&'   CoF  �   0%�    
��*��  

9�QB  5"��4)>%&7  )POX(  ��&X  A�B&'  (+�  )Blobaum et al., 

2007; Rouzer et al., 2009( .  
     &F   %   .&B%6*�  COX   C*6�D  5�F   %   5 &-�
/   �8  2   
��*��   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
F  `4�   M*�   C*6�D 
��  W*  C*6�D   ����$   )Housekeeping Enzyme(   ��
�X   �!  

�,,> )Phillis et al., 2006; Tanabe et al., 2002.( �   ̀ 8�H!  
C*6�D  COX-2  CF  A8  `-�   �
K�   �   .����   �*�F  `p!   6[!   %  A4�>  

%  CF  A8  `-�  �*�H��   �   9#�+   �*�F  0#J
F  (4+#�#!  �F 	  
\�B%&>�!�F  %  9#�+  5�F   9�4�2%���  �X%&/  �   q+�7  A8  M*�>#�*�+  

5�F   	�8�1���  ^&�+�   �*��   %  F�#�>�B5�  ���  �4�#2   �!   #�   %  
�   5��4)8  "�   5�F�,*�&B   \#�#*64BW*  %  W*\#�#2�7  �,��!  9&�,> 

���B  0#$  %  W4!�,* #
F  	5#4�>  	 �    	I�1���   �*�"�#!#2 
9��>�#�>  %  Y���)*"�%&�#2  9�4�2%���  (!%�H!)  �   &8�&8  A�@� 

0��  0#$  �   9#�+  5�F  (9�4�2%���  GH�   ��   )Patrono et 

al., 2016; Bishop -Bailey et al., 2006.(  9���  %  A�8�H!   �8  
 I�1���   �-*   "�   �=-�!   
�
/   G47   5%�   0�-�67   �    0�!�   r4P 
 �Q4+%   "�   5��
48   �F   (+�   %   �8   A�#2   A8   ��!D   0�!"�+  (���18 
���1�   A�s�+  t/�8  u&!  41   0#4�4!   &��  �!   #�  %  71  ���   "� 

`>  u&!  %  �F&4!   ��  `!��  �!    #�  )Garcia-Aranda et al., 

2020 ( .   �   �P  I�1��� 	   0�64!mRNA  5  COX-1  %  vE+ 
 (4��QB   0D  w�!#
/   &44[2   �
�  �,>   �!�  vE+  COX-2   A���B=8    �*" 

�!    #�   %   �    AU4��   �4�#2   M*��='��+%&7  5�F   �8�1���   64�  G*�6B� 
 �!   .�8�*   M*�   
 �    �F   &U,!   A8   M*�   AU4��   5&4'   ��   A>  C*6�D 

COX-2  �    �U*�  I�1���  GH�   �
1!   � . �  M4,J
F  M*�  C*6�D  A8 
 0�#,/   �-*   "�   ̀ !�#/   b&�)'   5�F�#!#2   C4$�8   �    ��Q��E! 

W*\#�#4!�47�   A�$�,�  
��   (+�  )Gandhi et al., 2017 ( .  

    
"%&!�  5�F%��   5 �Q�!  �8  N�F  ��&X  0 �   �F�#�Z+�   A8   0�#,/ 
 ̀ !�/   �x   I�1���  
 ���+�   �!   ��#�   A>   �   0�4!  �1�D  NSAID   �F 

 )Non-steroidal anti-inflammatory drugs (  A>  A8  `-�   &4k 
 ���V�$�  t/�8   ��1!   &-�
/  C*6�D  5�F  COX-1  %  COX-2  % 

 �4�#2  M*��='��+%&7   �F   �!   	��#�   ��4)8   A�$�,�  
��   �,�)F 
 )Van Hecken et al., 2000.(   �!�  
 ���+�  ��s#P   ��!  �1�D 

 t/�8   A8   #�%   0�!D  l��#/   ����#'   5��  �!  	 #�   "�  M*�  %� 

�,,>��1!  5�F  ���V�$�  COX-2 	   A>  ��/  Ck�   M���   &R�  �x 

 �8�1���  	A8��!   5�&8   C�)4+   b��#'   �8  &E$   �,�)F    �#!   A�#2 

f*%  0�HH�!  ��&X  .�,�B&'  �   9�+ 1999 G. D. Searl  �   (>&� 

Pfizer   SB#!  A8  �4�#2   M4�%�   ��1!   
�,,>  COX-2 	  �,Q* 
Celecoxib  � �   )Rao et al., 2008 .( �   yX�%  (4��QB �x �8�1��� 
 a4)>#-�+   A8  (�/  �,*6�*��   0#��#+  �4!D  �   (4QX#!  para 
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 W*   AH�O   ̀ *�D   .(+�   ��Q��E!   n�<2��   ���$�+   %    &-�
/ 
 )Structure Activity Relationship (   �*   A8  ��V�$�  SAR  0��� 

 
 �  ���  A>  �#{O  
%&'  M*6�*��   0#��#+  	�4!D   W*  �'f*%  5��1! 

 A,418   A8   a4)>#-�+ �!   F �   )2020 al., et Ahmed ( .    

     �8  A�#2  A8   ��1!  &4k  ���V�$�  C*6�D  5�F  COX-1   %  COX-

2  i+#2  NSAID  5�F  �
*�X  &2  %   �U*�  l��#/  �<���  
|��&E$  5�&8  C�)4+  	����#'  �4�#2   �*�F%��   �8  (4��$  ��1!  

���V�$�  C*6�D  COX-2  A>  �X�B  ��&R�   �<���   &8  C�)4+ 
����#' �,�)F  % ���X  �*s�8  4�6 �   ��1! M*�  C*6�D  % 5&4��47  

�   I�1���  	����   `*�<2  A8  W*  N�F  C1!  �   (Q,�  5"�+%��   

��   .(+�  "�  M*�   %�  �+�&8  ��&R�  �'�,,>��1!  ��H��!   �*��  

��%"��4
*�  �O�&P   
��   &8  A*�7  b%�  SAR  &8   C*6�D  COX-2  "�  
N��F�   ��>  M*�  
\%&7  .(+�  &8  ^�+�  }*���   GF%f7  5�F  M4�47 

&8  A*�7  ��Q��E!  SAR	  ?@�!  
��  (+�  A>  �,*6�*��   
%&'  

2NH2SO  %  Me2SO  �   �-*  "�  AH�O  5�F  `4,B  �   ��1!   
�,,>  
5�F  ���V�$�  COX-2	  �!  ���#2  t/�8   &-�
/  ���V�$�  &2  
M*�   ��1!   
�,,>   �F   #�  )Kiani et al., 2018.(  "�  M*�   %�   �   M*�  

	AQ��E!  A�+   5�*��  "�  ��<4>&2  A>  5���   
%&'  *�4
9%"��   A8 
0�#,/  AH�O  W4�-4+%&�F  56>&!   %  �#B#>�!��B   ̀ 4�!   ̀ 4�#��#+ 

	�,�)F   �#!  �+�&8  ��&X  (B&'  9%��)  1 .(   
#��  
"����  5&4'   %  
A<+��!  &�!���7  50IC  �   A��H!  ��<X  �!  A8  `4V�2  v4x#2  
 �  


�� (+� )Kiani et al., 2018.(  
   b%�  5�F  5&2#4Z!�>  0#J
F T,4>�   ��#-�#!  %  A4<�   5"�+  

W4!�,*   ��#-�#!  A8  `-�  
 &�)'  5�  �   |�   %  ���#�_   CF&8  
G,>  (��   9#-�#!   �*�F   �,��!   C*6�D  �F  %   6*�  9#-�#!   �*�F  
 �,��!   
�,,>��1!   	�F   �#!   
 ���+�  ��&X   �!   .��&4'   A8  0�#,/   9�p!  

�    ��F%f7  5�&8  �+�&8  &R�  �8�1����x  %   �'�,,>��1!   �4�#2  
W*&�4�  �4)>�  &8  C*6�D  �F5  COX  "�  b%�  T,4>�    ��#-�#! 

 ���+�  ��  )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  |�   -�
/ &   
%&'  5�*��  "�  ��H��!  M)>%&7��  

(<)�  A8  ��1!  C*6�D  5�F  COX-1   %  COX-2  "�  b%�  5�F  
A4<�  5"�+  W4!�,*   ��#-�#!  %  T,4>�   ��#-�#!  
 ���+�  ��  

)El Sayed et al., 2018.(  M4,J
F  �   �P   GF%f7   	5&�*   
�   �+�&8  &8  G,-
F  ��H��!   9%�,*�   �8   C*6�D  COX-2  A8 

�#j,!  �4�#2  NSAID  �F5  	M*#�  "�   T,4>�    %  A4<�  5"�+ 
W4!�,*  ��#-�#! 
 ���+� �� )Dileep et al., 2014.(  

    |�    ���#�_   9�V2�  
�,,>��1!   �F   �8   C*6�D   %  M4,J
F  �+�&8 
 &-�
/  �1�D  �   vE+   ��#-�#!  GH�  ��4)8  �
1!  �   �4�#2  


�,,>��1!  5�F  �*��  &2  %  �8  (4��V�$�  &2s�8  . ��   �    M*�  
	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�*"��  .����  
 

    ���� 
 ;
� �	  

7���( ���� ��
<��  �$�
� �$=+
�� 
  "��>$�  

    5�&8  
 �!D  5"�+  ���$�+  3  5�Q8   
�,,>��1!  �F  "�  I%   �%&+  
CORINA   )  https://www.mn-am.com/online_demos 

/corina_demo(  A>  W*  ��68�  	y*&+  &<�Q!  %  5 &8��>  �    �4�#2 
���$�+  5�F  A+  5�Q8  �   
"����  W_#>  %  i+#�!  	(+�  
 ���+�  

.��  Y7  "�  0D  ���$�+  
�,,>��1!  �F  �8   
 ���+�  "�  .&�  ��6B� 
W4��-!  �!#���#>  M4+#'  )https://gaussian.com(  %   �8   b%�  

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<+��!   .��  "� 
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&�*   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 

 

Compound

/IC50 (µM) 

 

 

 

 

 

5e 

 

(3.6) 
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(0.71) 
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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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     �! .�U��  5���$�+ ��&44[2 �+�&8 5�&8 A> 0#4+�&*\  ~�Q�
  .�U�� �8 .(+� M4:2%&7 �' &�B 0�64! �8�*"�� 5�&8 5��4Q! 	 #�
  &8 ����4� 9�V2� A> 5&4R�2 "� �<+�,! �8�*"�� 0�#2 �! 64���D M*�

  `-�)   �  .�U��  	 ��e'  �!  M4:2%&7  T,*��#B  %  �' &�B4 .(  
  M4���4! &* �H!Rg  (+� &*" d&� A8  : 5b)453,2  (&�!#��� 5d 

)471,2  (&�!#���	5e   )454,2  (&�!#���    �*�1,2  A8  M4:2%&7  %
)43,2  .(&�!#���  

 B4P Q�
�� �� RS� E$�-+ )SASA(   

     `-�5  ^&�+  �  vE+ 
�,F  0���    ��<4>&2  5�&8  9=O
P  �  &j�   �#!  ^&�+  �  vE+  .(+�  5"�+  A4<�  �  9=O

  �' &�B  �+�&8  5�&8  5&�*  ��4Q!  0#4+�&*\  ~�Q�  �,��!
  M4���4!  ���H!  .(+�  5"�+  A4<�  "�  �Q8  M4:2%&7SASA   5�&8

  :(+�  &*"  d&�  A8  ��<4>&25b  247.457   	y8&!  &�!#���5d  
249.858    	y8&!  &�!#���5e  248.455   5�&8  %  y8&!&�!#���
COX-2 243.303   .y8&! &�!#���  

E$�-+ "��$�  ��:
�"$	  

      �8   A�#2   A8   A-,*�   ��#47   ��\%��4F   �-*   "�   G,-
F&8   5�F   &4k  
 0s�#>   C1!   �    ̀ 4-�2   %   5���*�7   Y-�Z
>   5�F   M4:2%&7 - ����4�  

 I#)�!   �!   �  # 	   64���D   5�F��#47   ��\%��4F   0�4!   C*6�D  COX-2    
 %   
�,,>��1!   �F   �8   N�F   M44Q2    ��Q2   5�F��#47   ��\%��4F   ̀ 4-�2  

 
��   �    9#P   A4<�   5"�+   ̀ -�)  6 (   %   M4,J
F   ���    �#{O  
 5�F��#47   ��\%��4F  �    �P  0�!"   A4<�  5"�+  .�U��  
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 �   
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 ��#47   ��\%��4F   �    �P   A4<�   5"�+   A8   ��#�   A���B   
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��&*�7   ��#47   ��\%��4F   &�
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 0\%��4F  –   
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 �4+�#,4!D  F 5�  Tyr 348  )11.90% (  % Ser 530   )10.06% (  % Tyr 

385   )36.74% ( 	   �,,>��1!  
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�,,>��1!  5e   %   5�F�4+�#,4!D  
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 -+ E$�   ��
<��   �
�   )DSSP ( 
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bindingGΔ 
����   &> `-�) 9 .(    
���>�$�  ��	�
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.%&�)��D  %  H!� *&  LogP  A8)  0�#,/  5��4Q!  "�  �8&_  (��+%  

&�
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f*%  0�HH�!  ��&X  A�B&'  ���  )Garcia-Andrea et al. 2020; 

Ahmed et al., 2020.(  �   `*�%�   AF   1990  A>  �#{O  .&B%6*� 
&*e7�H��  COX  �,Q*  COX-2  .=/�  	��   
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M*��='��+%&7  5�F  �8�1���  i+#2  COX-2  %  COX-1  �#X 
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Pfizer  SB#!  A8  �4�#2  M4�%�  ��1!   
�,,>  ���V�$�  COX-2  
�,Q* Celecoxib �� )Rao et al., 2008 .( 

   �   M*�  AQ��E!  N�F  �+�&8   &R�  �x  �8�1���   %  (4��QB  5��1!  3  
S��!  ��%"��4
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COX-2  �8�*"��   	��  M*&�18  pose  �*  
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�,,>��1!  �F  %  COX-2  "�  T,4>�   ��#-�#!  
 ���+�  ��   %  

(��O   ���V2�  ��<4>&2  �8  
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F  5�&8  �+�&8  5\&��    �"D  9�V2�  b%�MM-GBSA   A8  

��>  A�B&'  %  ?@�!  ��  A>  M*�  ��<4>&2  9�V2�  C-�!  5&2   �   
 
��*�� 9�QB  C*6�D COX-2  ����   )Dileep et al., 2014 .( 

     M4HH�!   &�*    64�   �8   
 ���+�   "�   b%�  SAR   SB#!   A8   �O�&P  
 ��H��!   �*��   M*"��*&47   .����   �    M*�   AQ��E!   ?@�!   ��   A>  
 ��<4>&2   
"�2   6�,+   
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�,,>��1!  

 5�F    #�#!   �    ̀ 8�H!   C*6�D  COX-2   .����    
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 ��#-�#!   0���    �    A>   ��H��!   �*��   �    A)*�H!   �8   
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 	 #�#!   (��O   ���V2�   I#�E!   5&2   �8  COX-2   ����    A>   0���  
 
�,F    (4B&�   �'�,,>��1!   5s�8   M*�   ��<4>&2   .(+�   M4,J
F  

 ?@�!   ��   A>   �-*   "�   ��<4>&2   
"�2   6�,+   
��   5���    l��#/  
 �<���   5&�
>   5�&8   
�Q!   %   
 %�   (+�   )Ahmed et al., 2020 .( 

  

 
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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 M4,J
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Sayed et al., 2018 .(  
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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) 
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