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Abstract

Non-steroidal anti-inflammatory drugs (NSAID’s) have been used widely from several decades for treatment of
analgesia and inflammation. The most widely reported side effect of NSAID's is inflammation of gastric regions,
ulceration and kidney problems. These side effects are due to non-selective inhibition of cyclooxygenase-2 over
cyclooxygenase-1.Therefore we planned to design a potent cyclooxygenase-2 inhibitor using insilico techniques which
may be used as anti-inflammatory and analgesics. In this current study we have chosen Pyrano[2,3-c] pyrazoles as the
parent moiety along with several derivatives. These will acts as ligand molecules for computational protocols. The
crystalline structure of cyclooxygenase-2 was downloaded from protein database and the pdb code was 1cx2. This will
act as target for computational studies. Pyrx software was used for virtual screening of library of derivatives. The
molecular docking of potent derivatives were carried using autodock software X:Y:Z (50:26:40). Other insilico
properties were calculated using Molinspiration online property calculator, Protox Il for structural property calculation
and acute oral toxicity determination respectively. Derivatization in the molecule is must for increasing biological
potential of parent moiety. The study revealed best molecule that was having potent analgesic and anti-inflammatory
activity. Results revealed though the ligand molecule was safe and effective for cyclooxygenase-2 inhibition. The LD50
calculated was found to be 500 mg/kg. Other In silico property were also calculate.
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1. Introduction

Non-steroidal anti-inflammatory drugs (NSAID’s) have been used widely from several decades for treatment of
analgesia and inflammation. The most widely reported side effect of NSAID's is inflammation of gastric regions,
ulceration and kidney problems. These side effects are due to non-selective inhibition of cyclooxygenase-2 over
cyclooxygenase-1.

The heterocyclic compounds are widely spread in nature and play an important role in life. Due to the characteristic
properties, the heterocyclic compounds hold a large area in medicinal chemistry [1]. The chemistry of heterocyclic
chemistry has been explored widely in the past two - three decades [2]. The synthesis and the application of heterocyclic
compounds of medium size rings became popular [3, 4]. During the recent years, there has been intense research on
fused heterocyclic compounds with pharmacological importance. Among the heterocyclic of pyranopyrazole class has
drawn the attention. Pyranopyrazoles refer to a fused five member pyrazole ring to a six member pyran ring. The
pyranopyrazole nucleus is a versatile source of biologically important molecules. There are four possible isomers of
pyranopyrazole-pyrano[2,3-c]pyrazole, pyrano[4,3-c]pyrazole, pyrano[3,2-c]pyrazole and pyrano|3,4-c]-pyrazole.
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1.1. Objective

In the current research we to screen the binding efficiency of pyrano[2,3-c] pyrazoles derivatives with cyclooxygenase-
2 receptor and predict structural and biological properties of ligand.

2. Material and methods

2.1. Softwares and programs

Chemsketch a chemical molecule drawing tool was used to draw the ligand compounds [5]. Avogadro software was used
to convert the .mol file to .pdb format [6]. Autodock 4.0 [7] a preliminary docking program was used for the semi-flexible
protein ligand docking studies. Molinspiration online property calculator was used to study the chemical properties of
the compound [8]. The crystalline structure of cyclooxygenase-2 was downloaded from protein database and the pdb
code was [PDB: 1cx2]. This will act as target for computational studies. Pyrx software was used for virtual screening of
library of derivatives. [9] Discovery studio 3.5 was used for molecular interaction and visualization.[10].

2.2. Preparation of ligand

Ligand structure was drawn using Chemsketch software and the structure was cleaned using the clean structure tool.
The structure was saved in the working folder as .mol file. The .mol file was then accessed in Avogadro software and
structure was optimized using optimization tool. The optimized structure was saved in the working directory as .pdb
file.

2.3. Preparation of receptor

The crystal structure of anti-inflammatory was downloaded in .pdb format from the online database and was rectified
using Autodock v4.0 software. The energy was minimized by spreading the charges all over the receptor. The water
molecules associated with receptor was deleted and polar hydrogen molecules were added.

2.4. Receptor-Ligand Docking

Autodock v4.0 was used to identify binding poses with associated binding energies. As per the inverse relation of energy
and stability, the conformation with greater binding energy is less stable. The Default parameters of the software
program have been applied similar to the protocol followed elsewhere [26-29]. Briefly, Lamarckian Genetic Algorithm
(LGA) [30] with default atomic salvation parameters 126 A (x, y, and z) grid box in ratio of (60:60:60) for scoring energy
was set at co-ordinates as X = 50, Y = 26 and Z = 40 with 0.375 angstroms grid points spacing. Care was given during the
grid box preparation to ensure that the active site of receptor was surrounded by the 3D grid box centered at its active
ligand binding site location.

2.5. Online chemical property calculator

Molinspiration online property calculator [7] was used for calculating the properties of the ligand. The structure of the
ligand was drawn using inbuilt tool and several properties were calculated. The properties were classified broadly into
two types as structural property and bioactivity. Acute oral toxicity was predicted using Protox Il web server. [11,12].

3. Results and discussion

The structure of ligand and receptor was critically studied and drawn through insilico tools fig.1. The grid box of X:Y:Z
(50:26:40) was made using Autodock v4.0 and is represented as in fig.2.
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Figure 1 Structure of ligand
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Figure 2 b: Structure of receptor; c: Grid box (6-amino-3-methyl-1,4- dihydropyrano[2,3-c]pyrazole-5-carbonitrile)

The result of docking Fig 3 shows that proposed ligand was adequately bound at the centre of the grid. On study of
molecular interactions the amino acids with which ligand was showing interactions were TRP114; TYR149; ILE152;

PRO155; LEU162; ASN397; PHE320; ASP401; LEU400; which is represented in Fig 4.

The mean binding energy of the best conformation was found to be -7.5 and the root mean square deviation (RMSD)

value was found to be 11.75. The free energy was found to be -1345.90 Kcal/mol11.

The results of molinspiration online property calculator were represented as structural property and predicted

bioactivity in table 1.

Figure 3 Docking of ligand with receptor

Ase)
Ad
i)
A320
R
a\:xs\, W
Residue Interaction
P nob
Electrostatic % 5 @
=
van der Waals
Covalent bond
Water
Metal .

Figure 4 Molecular interactions of ligand with target
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Table 1 Results of Binding Affinity of Molecule

Affinity
Mode Dist. From rmsd L. b. Best for rmsd u.b.
(Kcal/mol)
1 -7.5 0.00 0.00
2 -7.3 8.829 11.715
3 -7.2 10.768 12.553
4 -741 11.575 13.957
5 -7.1 12.590 15.132
6 -7.0 11.291 13.878
7 -7.0 8.334 10.978
8 -6.9 9.467 11.839
9 -6.8 10.018 11.782

Table 2 Results of Molinspiration online property calculator

Structural Property Predicated Bioactivity
Sr.No
Property Value Site Binding efficiency

1 miLog p 0.23 GPCR Ligand -1.29
2 TPSA 87.73 Ion Channel modulator -0.92
3 Natoms 13 Kinase Inhibitor -1.32
4 MW 178.19 Nuclear receptor ligand -2.01
5 nON 5 Protease Inhibitor -1.46
6 nOHNH 3 Enzyme Inhibitor -1.01
7 Volume 158.18

4., Conclusion

The study showed Pyrano[2,3-c]pyrazole(6-amino-3-methyl-1,4-dihydropyrano[2,3-c]pyrazole-5-carbonitrile)
molecule having potent analgesic and anti-inflammatory activity. The Results revealed though the ligand molecule was
safe and effective for cyclooxygenase-2 inhibition. The LDso Calculated was found to be 500 mg/kg and other
physicochemical properties were in range.

In Silico Study gave Physicochemical properties and predicted bioactivity of molecule which will elaborated for further
studies..
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