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ABSTRACT  

 A promising heterocyclic nucleus (Thiophene) which was prominently proved of exhibiting 

different biological activities had  been  used to prepare a database which was then docked against  

CYCLO OXYGENASE-2 for anti- inflammatory activity by using Glide software (Maestro 9.1).Extra 

precision (XP) scoring function was utilised to rank order the compounds. The different derivatives of 

thiophene were docked to the specific protein target site. The best compounds with top scores were 

filtered. The top three compounds were synthesized, recrystallised and purity was conformed by TLC. 

The characterization was carried out by UV, IR, NMR and MASS Spectroscopy. All synthesized compounds 

were screened for anti -inflammatory activity by invitro Membrane stabilising method. The recorded 

values showed significant anti-inflammatory activity compared with standard Diclofenac sodium. Toxicity 

of the compounds was evaluated by acute toxicity study.  

Key words:  Cyclo oxygenase -2; Thiophene Nucleus; Anti- inflammatory activity, Membrane stabilising 
method 

 

1. INTRODUCTION       

       Thiophenes are important heterocyclic compounds that are widely used as building blocks in many 
agrochemicals and pharmaceuticals. Based on literature review various derivatives of thiophene exhibits  



 Design...                                                                                                                                A. J. Suresh et al.       

 

J. Chem. Bio. Phy. Sci. 2011, Vol.1, N0.2, Sec. B, 304-314.  305 

 

prominent biological activities like anti-tubercular, anti-fungal, anti-inflammatory, anti-protozoal, anti-
histaminic etc. So attempt was made to incorporate benzimidazole and substituted aromatic ring to the 2, 3 
position of thiophene. Our aim to target the thiophene nucleus as anti-inflammatory drugs. 

Glide is a ligand docking program for predicting protein-ligand binding modes and ranking ligands via 
different screening methods. Hence docking plays an important role in the rational design of drugs. It is also 
help to save the cost and time for the researcher and help to find out the best compounds from bulky group. 
Databases are prepared using thiophene nucleus .Database compounds were docked against Cyclo oxegenase 
protein using glide software Maestro 9.1. We utilized XP (Extra precision) glide score function to rank-order 
the compounds. Top scored compounds were selected and synthesized by conventional method in three 
steps. Synthesized compounds were characterized using IR, NMR, MASS spectroscopic methods. The 
compounds were screened for anti -inflammatory activity by membrane stabilizing method. 

2. EXPERIMENTAL 

It includes designing of molecule by drug design software. The ability of the molecule to reach the targets 
was evaluated by Lipinski rule determination by molinspiration software. 

2.1 Drug Design 

The following steps were involved in docking process  

A. Preparation of  Database 

B. Selection and Preparation of  Protein 

C. Ligand Preparation 

D. Grid generation 

E. Screening by docking 

A. Preparation of Database: 

 Initially well established database was created by taking collection of thiophene heterocyclic nucleus which 
was showing good anti-inflammatory activity from the references. Care was taken that the database creation 
and the attachment points of the heterocyclic nucleus could be as reasonable as possible based on their 
electrophilic and nucleophilic characteristics.  

B. Protein binding site identification [1, 2] 

Protein selection [1, 2]:The protein 6COX was downloaded from RCSB protein data bank which was 
found to have good resolution, the downloaded protein consist of metal ions and water, cofactors metal ions 
and can be multimeric. Which need to be rectifying so to make the protein accessible for docking. Basic 
mechanism of Cyclooxygenase was presented in Fig: 1 

Preparation of Protein 

• Removal of water molecule 

• Addition of charges 

• Creating the site for the hetero atom 

• Filling up of missing amino acid residues 

• Conversion of selenomethionine to methionine 

All these processes are needed to make the protein accessible for docking. The process is carried out in the 
protein wizard of Maestro 9.1. 
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Figure- 1:  Mechanism of cyclo oxygenase in prostaglandin synthesis  
 
C. Ligand Preparation 

The Ligands which had been build in the database need to be prepared to give the best results. The 
ligands need to be three dimensional should have realistic bond lengths and bond angles, they should be in 
appropriate protonated state (Ionized and Unionized form) etc, making sure that ligands fulfil all the required 
characteristics which is necessary for docking. The process of ligand preparation is carried out in Ligprep 
tool of Maestro 9.1. 3D structure of the top scored ligands are presented in Fig: 2 

D. Receptor grid generation 

The region of interest or receptor site need to be characterized to carry out the docking. This process 
was done by the tool glide (Receptor glide generation) of Maestro 9.1, which is carried out after the protein 
preparation process. 

E. Docking [ 3 ] 

Docking is a process of calculating the binding energetics of particular conformational sample of 
ligand with the receptor. Accessing the affinity of varies ligands with the particular receptor is carried out by 
glide in XP (Extra precision mode).The compounds ranked by its G score which is the basic value obtained 
by the consideration of both rewards and penalties .Interactions pictures were presented in Fig: 3.(a and b) 
Docking score values are presented in  Table: 1, 2.   

Membrane Phospholipids 

Arachidonic acids 

Phopholipase A2 

COX- 2 
(Inducible) 

 

COX -1 
(Constitutive)) 

NSAID 

COX – 2 Inhibitors 

Prostoglandin associated with 
 

Pain 
Fever 
Inflammation 

Prostaglandin associated with 
 
GI mucosal integrity 
Platelet function 
Renal function 
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Figure- 2:  3D structure of the Ligand molecule 

 

 

 

 

 

 

 

 

 

 

 

 

 



 Design...                                                                                                                                A. J. Suresh et al.       

 

J. Chem. Bio. Phy. Sci. 2011, Vol.1, N0.2, Sec. B, 304-314.  308 

 

Figure- 3: (a.) Interaction picture of the compound with receptor protein in glide docking 

 

 

 

 

 

 

 

 

 

 

Figure- 3: (b.) Interaction picture of the compound with receptor protein in glide docking 

Table: 1 - Rewards values of the docking. 
 

 
L- Ligand , GS- Glide Score, LPW- Lipophilic pair term and fraction of the total pr otein ligand vanderwaals 
energy, PE-Hydrophobic enclosure reward, PEHB-Hydrophobically packed Hydrogen bond, PEPHB-
Hydrophobically packed correlated hydrogen bond, HB- Hydrogen bond pair term, ELE-Electrostatic rewards, 
SM- Sitemap ligand / receptor, Pi C- Pi and cation,  Cl Br-chlorine and bromine, LMW -low molecular weight 
.These all are basic parameters consider as rewards of the docking score. Rewards values are noted in negative 
values.  

Table: 2 - Penalties values of the docking score 

 

L G S LPW PE 
PE 
HB 

PEP 
HB H B ELE 

 
SM Pi C ClBr LMW 

 
3 -10.4 -5.84 -1.66 0 0 -0.01 -0.12 -0.55 0 0 -0.37 
 
4 -9.06 -4.88 -0.56 0 0 -0.70 -0.09 -0.63 0 0 -0.32 
 
2 -8.60 -5.24 -1.29 0 0 -0.36 -0.13 -0.39 0 0 -0.43 

Ligand Penalties HBPenal PhobicPenal Rot.Penal 
 

Similarity 

3 0 0 0 0.14 1 
4 0 0 0 0.13 0.18 
2 1 0 0 0.23 0.17 
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Ligand with large hydrophobic contacts and low Hydrogen bond scores, Exposed hydrophobic ligand groups, 
Rotatable bond, Similarity these are the basic penalty parameters of the docking score. The penalty values 
should be less in values to indicate best compounds. 

2.2 Lipinski Rule [4]  

The physical properties of the molecules were calculated using Molinspiration molecular properties 
calculator. The result values are given in Table: 3 
 

Table: 3 - Molecular Properties calculated values. 

 
2.3. Synthesis 

General Procedure [5]  

Step-1: Aldehyde (0.02mol) and malonic acid (0.42mol) were dissolved in a mixture of dry pyridine (75ml) 
and piperidine (1.3ml). The reaction mixture was heated under reflux for 2 hours. After the evolution of 
carbon dioxide ceased the product was cooled and poured into excess of water containing hydrochloric acid 
(1N). The solid that separated was filtered and recrystallized from ethanol. 

Step- 2:Compound A (0.05mol) and O-Phenylene diamine (0.05mol) were treated with 4N hydrochloric 
acid and stirred at room temperature for 1hour, until the content dissolved. The reaction mixture was then 
refluxed further for 4-6 hours, cooled and neutralized with dilute ammonia. The precipitate that separated 
was filtered and washed with water and crystallized from ethanol to get solid crystals. 

Step- 3:A mixture of compound B (0.01mol) and thioglycolic acid (0.01mol) in 30ml dry benzene was 
refluxed for 7-8 hours. The residue was washed with sodium bicarbonate solution to remove the excess acids 
and the product was washed with water thoroughly and crystallized from alcohol to get solid crystals.  
The Physical data of the compounds are shown in Table: 4. Scheme of this synthesis was presented in Fig: 4 

Table: 4 -Physical data of the compounds. 

S. No M.P 
( 0 C ) 

M.F 
 

M. W 
 

Yield 
(%) 

Description 

C2 
 

1180 C C19H16N2OS 320 77 Green colour amorphous powder 

C3 2020 C C17H13N3O3S 
 

339 79 Green colour amorphous powder 

C4 1600 C C18H16N2O2S 
 

324 85 Green colour amorphous powder 

 

Compound Log P Mol.Wt 
 

TPSA nOHNH nON no of rota. Bonds no. 
violation 

C2 
 

3.769 320.417 45.754 1 3 3 0 

C3 
 

3.148 325.405 54.998 1 4 3 0 

C4 
 

3.050 339.370 91.578 1 6 3 0 
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Aldehyde used in the first step  
R = C2 – Cinnamaldehyde 
R = C3 –  m- Nitro benzaldehyde (NO2) ,  
R = C4 –  m-Methoxy (OCH3) benzaldehyde 

Figure- 4: Synthesis Scheme 

2.4. Characterization [6, 7] 

The synthesized compounds were recrystallised and identified by TLC. The melting point of the 
products were found and are presented uncorrected. The synthesized compounds were characterized by 
different spectroscopy method. Ultraviolet spectra were recorded on a Shimadzu UV- Visible 
Spectrophotometer in the range of 200-400nm, Infrared spectra were recorded on Perkin –Elmer Spectrum 
one spectrophotometer in the range of 4000-500cm-1,Nuclear Magnetic Resonance spectra were recorded 
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using solvent Deutrated Methanol on BRUKER Advance III 500 NMR spectrometer. Chemical shifts are 
reported in parts per million (δppm) and Mass spectra recorded on a JEOL GC Mate II Mass 
spectrophotometer operating as direct probe using Electron Ionization (EI) technique. 

SPECTRAL DATA OF THE COMPOUNDS 

Compounds C2 - 5-(1H-benzimidazol-2-yl)-4-[(E)-2-phenylethenyl] dihydrothiophen-3(2H)-one 
IR Spectrum -3401 cm-1 (N-H Str) ,2943 cm-1(=CH Str, aromatic)6, 1651 cm-1  (C=O bending), 1451 cm-1  
(C-N Str), 1114 cm-1   (C=O bending), 743 cm-1  (C-S-C bending)NMR Spectrum –(a)7.0 -7.4(m, Ar H 
benzimidazole - hetero nucleus),(b) 6.4 -6.6 (m, Ar benzene ring),(c) 6.0 (d,CH alkene) ,(d) 5.0 (s,NH- 
imidazole ),(e) 4.1(s, CH-Thiophene), (f) 3.6 (s, CH thiophene), (g) 3.4 (s,CH2  - Thiophene) MASS 
Spectrum -320.14M+ ion peak.  
Compounds C3 - 5-(1H-benzimidazol-2-yl)-4-(3-nitrophenyl) dihydrothiophen-3(2H)-one 
IR Spectrum - 3325 cm-1  ( N-H Str ), 2965 cm-1 (=CH Str , aromatic) ,1762 cm-1   (C=O Str), 1523 cm-1  
(NO2 asymmetric Str), 1485 cm-1  (C=C Bending vibration), 1346 cm-1  (NO2 Symmetric  str), 1113 cm-1  
(C=O bending), 1026 cm-1  (C-N Str) , 666 cm-1 (C-S-C bending) ;NMR Spectrum (a) 7.6 -8.0(m, Ar H 
benzimidazole - hetero nucleus), (b)7.2 -7.4 (t, Ar H- benzene ring),(c) 4.9 (s, NH- imidazole),(d) 4.4 (s,CH -
thiophene),(e)  3.4 (s,CH2- thiophene); MASS Spectrum -338.90 M - 1 ion peak. 
Compounds C4 - 5-(1H-benzimidazol-2-yl)-4-(3-methoxyphenyl) dihydrothiophen-3(2H)-one 
IR Spectrum -3325 cm-1 (N-H Str ), 2945 cm-1 (=CH Str, aromatic),  2833 cm-1(CH3Str), 1660 cm-1                 
(C=O Str ), 1449 cm-1  ( C=C Str , aromatic), 1385 cm-1  (CH3 Bending vibration), 1114 cm-1  (C=O Bending 
vibration) ,1029 cm-1  (C-O-C  Bending vibration), 666 cm-1  (C-S-C bending) NMR Spectrum (a) 7.4 -
7.8(m, Ar H benzimidazole - hetero nucleus),(b)  6.7 -7.0 (t, Ar H- benzene ring),(c) 4.9 (s, NH- imidazole), 
(d) 4.4 (s, CH- thiophene),(e) 3.9 (m, O-CH3 methoxy), (f) 3.3 (s,CH2 Thiophene) ;MASS Spectrum -323.65 
M - 1 ion peak. 

2.5. ANTI INFLAMMATORY ACTIVITY 

Membrane Stabilizing Method [8, 9] 

Requirements 

• Hyposaline – 2mL 

• Sodium phosphate buffer – 1mL (pH 7.4) 

• Erythrocyte suspension – 0.5mL 

• Varying concentrations of drug - 0.0 to 1 mL 

Procedure 

Erythrocyte Suspension 

Blood was collected from median cubital vein of healthy volunteers. The blood was mixed with 
isosaline and centrifuged at 3000 rpm. The packed cells were further washed with isosaline and the 
sedimented erythrocytes were collected. A suspension of 2%v/v in isosaline was prepared. 

Test solution 

The assay mixture consisted hyposaline (2mL), sodium phosphate buffer at pH 7.4(1mL), varying 
volumes of drugs (2mg/mL) (0.0-1.0mL) and erythrocyte suspension (0.5mL) were made up with 
isosaline to give a total assay volume of 4.5mL. The control was prepared as above except the drug was 
omitted. The reaction mixtures were incubated at 560C for 30 minutes. The tubes were cooled under 
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running water followed by centrifugation at 5000rpm. The supernatant were collected followed by 
reading the absorbance of the released hemoglobin at 560nm. The percentage membrane stabilising 
activity of the compounds were given in Table: 5 

The percentage membrane stability was estimated using the expression: 

% Membrane Stability = C-T/C*100 

Where,  

C - Absorbance of Control    

T - Absorbance of Test Sample 

Table: 5 - Membrane Stabilizing Effect 

Conc. 
µg/mL 

Percentage of Membrane Stabilizing Effect (%) 

Standard 
(Diclofenac Sodium) 

C1 C2 C3 C4 

88.88 45.56 40.50 36.20 44.41 31.32 
177.77 59.81 52.65 50.06 58.54 44.93 
266.66 74.36 63.10 57.59 64.55 59.81 
355.55 77.21 74.36 64.55 70.88 72.46 
444.44 84.81 75.01 68.03 76.89 74.46 
IC50 181.64 216.24 249.84 205.72 239.61 

 

2.6. TOXICOLOGICAL EVALUATION 

To assess the safety and toxicity of the synthesized compounds, Oral acute toxicity studies were 
carried out in female albino mice as per Organisation for Economic Cooperation and Development guideline 
423(OECD). 

Experimental Procedure:[10] 

Healthy adult female Wistar Albino mice (3 Nos.) were used in this test. Females used were 
weighing between 20-25g, nulliparous and non-pregnant. For all the three animals food, but not water was 
withheld overnight prior to dosing.The compounds were administered orally to a group of experimental 
animals at one of the defined dose (2000mg/kg).  

Observation  

The animals were observed individually after dosing once during the first 30 minutes, periodically for 
the first 24 hours, with special attention given during the first 4 hours, and daily there-after, for a total of 14 
days. The following clinical observations were made and recorded. 

• Toxic signs: All the mice were observed for any toxic signs. 

• Pre-terminal deaths: All the mice were observed for any pre-terminal deaths 

• Body weight: Individual body weight was recorded for all the animals once in a week 

• Cage side observation: The faeces colour and consistency, changes in skin and fur, eyes and 
mucous membrane (nasal) of the animal were observed once in a week.  
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3. RESULTS AND DISCUSSION  

 A promising heterocyclic nucleus (Thiophene) which was prominently proved of exhibiting different 
biological activities had been used to prepare a database which was then docked against    6 COX ( 
Cyclooxegenase) for anti- inflammatory activity. Compounds which have the top score had basic nucleus of 
thiophene linked with benzimidazole and aromatic attachment in the 2, 3 positions. In anti- inflammatory 
activity target compounds shows the G score at the range of -10 to -9. Top scored compounds (C2-C4) were 
selected and synthesized. 

All the compounds were passes the Lipinski rule there is no violation in the basic properties. It’s 
proves that our molecule has ability to reach the target site for the action. We conclude that the molecules 
have positive nature on ADME character. From the results of anti-inflammatory activity revealed that all the 
thiophene derivatives tested showed considerable anti- inflammatory activity, in addition it has  been found 
that compound C3  (Nitro substitution  in aromatic ring) showed maximum activity when compared to 
Diclofenac sodium. It was also observed that compound C2&C4 (Phenyl ethenyl & methoxy substitution in 
aromatic ring) exhibit better activity. This result was perfectly correlated with docking results. 

The results of acute toxicity studies have shown that the synthesized compounds are non toxic and did 
not induce any mortality in the treated mice at the highest concentration (2000mg/kg body weight)     

4. CONCLUSION 

• Candidate molecules were docked for anticipated anti -inflammatory activity using Drug Design 
Software (Maestro 9.1) 

• The filtered candidate molecules were subjected to synthetic feasibility. Compounds were 
synthesized with good yield. 

• The structures of the compounds were assigned on the basis of elemental analysis, IR, 1H NMR and 
MASS spectral data. All the synthesized compounds complied with spectral requirements 
satisfactorily 

• All Compounds showed significant in vitro anti-inflammatory activity. The Membrane Stabilizing 
Effect showed that the synthesized compounds are good on human erythrocyte adequately protecting 
it against heat and hypotonic induced lysis. The activity was compared to that of the standard anti-
inflammatory drug (Diclofenac sodium).  The result is perfectly correlated with docking result 

• A further study (Toxicological study and in vivo Pharmacological screening) on our compounds 
suggests attractive starting point to find new lead compounds with potential improvements, ultimate 
use as pain reliever. 
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