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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.

5b 5d 5Se protein

02 “'r## r

RMSD (nm)

0 20 40 60 BD 100 120

Time (ns)

o0 (65w e sla pitesw 0 COX-2 W sl ¢, RMSD -Y Ui
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)
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