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peroxynitrite as a by-product of aerobic metabolism[3,4]. 
Since, the rate of production and removal of FRs is 
balanced by reactions involving enzymes such as 
catalase, glutathione peroxidase, glutathione reductase 
and superoxide dismutase, and non-enzymatic 
processes such as thioredoxin, thiols and disulphide-
bonding, these species do not necessarily present 
any threat to the body under normal physiological 
conditions[5]. Nevertheless, an imbalanced defence or 

Free radicals (FRs), species having unpaired electron 
in their outermost orbit play a pivotal role in the 
origin of life, physiological adaptation and biological 
evolution[1]. Many cellular biochemical processes, 
signal transduction, gene transcription and regulation 
of soluble guanylate are governed by FRs. Nitric oxide 
free radical (NO.) is a very important signalling species 
that regulates relaxation and proliferation of vascular 
smooth muscles, leukocytes adhesion, platelets 
aggregation, angiogenesis, thrombosis, vascular tone 
and haemodynamics[2]. 

Mammalian cells being constantly fortified with oxygen 
produce oxygen free radicals (OFR), hydroxyl (OH-) and 
superoxide (O2

-), and reactive oxygen species (ROS), 
NO., hypochlorous acid, hydrogen peroxide (H2O2) and 
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overproduction, under-elimination and assimilation 
of FRs from the exogenous sources (electromagnetic 
radiation, pollution and smoking) can cause serious 
penalty to the biomolecules leading to inflammation, 
tissue injury and ultimately cell death. Long term 
oxidative damage is known to be the culprit cause of 
aging, cancer, neural and cardiovascular disorders, and 
liver diseases[6-12]. Protection against injury due to the 
FRs is possible only by ample intake of antioxidants, 
which delay or inhibit the oxidation of biomolecules 
by their reducing activity, free radical scavenging, 
complexation of pro-oxidant metals, and quenching 
of singlet oxygen. Such compounds not only prevent 
or postpone the onset of degenerative diseases but 
also improve the quality of life and save the cost of 
healthcare delivery.

5-[(4-Chlorophenoxy)methyl]-1,3,4-oxadiazole-2-
thiol (OXCPM, fig. 1) belongs to an important class of 
heterocyclic compounds due to the presence of nitrogen, 
oxygen and exocyclic sulphur atoms. Oxadiazole ring 
containing systems have remained the focus in the 
drug discovery programs because of their versatile 
nature, privileged structure (reactive pharmacophore), 
molecular modulating properties, ligand-binding site 
interactions and pharmacological profile[13]. This is 
especially true for the substituted 1,3,4-oxadiazoles that 
are reported to have a broad-spectrum pharmacological 
activities like antibacterial, antitubercular, antifungal, 
antiviral, anthelmintic, antioxidant, anticancer, central 
nervous system depressing, anticonvulsant, muscle 
relaxant, hypoglycaemic, analgesic, antiinflammatory 
and genotoxic[14-38]. In the recent past, OXCPM was 
synthesized and evaluated for drug-like characteristics 
using various in silico models[39,40]. Due to thiol group, 
the OXCPM is expected to have a significant reducing 
potential, which could translate into novel antioxidant 
effects and to prove this, the present study is attempted 
to explore the antioxidant potential and binding pattern 
of OXCPM to oxidative stress-related protein targets.

MATERIAL AND METHODS

The chemicals used and their sources are as follows. 
Phosphate-buffered saline tablets (PBS404.100, 
BioShop Canada Inc., Burlington), butylated 
hydroxytoluene (BHT), Tween-40, acetic acid  
(100 %), hydrochloric acid, trichloroacetic acid, ferric 
chloride, disodium hydrogen orthophosphate (BDH 
Laboratory Supplies, Poole, England), β-carotene 
(BC), potassium ferricyanide, sodium hydroxide, 
ammonium heptamolybdate, potassium dihydrogen 
phosphate, sodium dihydrogen phosphate (Merck 
KGaA, Darmstdt, Germany), sodium nitroprusside 
dihydrate, sulfanilic acid, sulphuric acid, ammonium 
thiocyanate (Riedel-deHaen AG. D-3016, Seeize, 
Germany), ascorbic acid (AA), linoleic acid (99 %), ɑ,ɑ-
diphenyl-β-picrylhydrazyl (DPPH), chloroform, H2O2  
(30 % v/v) by Sigma-Aldrich Chemie, Steinheim, 
Germany, naphthylethylenediamine dichloride (MP 
Biomedicals Inc., Illkirch, France) and ferrous chloride 
(Uni-Chem Chemical Reagents, Karachi, Pakistan) 
were procured from the local chemical market. The 
solvents used in the study included methanol (HPLC 
grade, Tedia Company Inc., Fairfield, USA) and in-
house prepared double-distilled water (DDW). OXCPM 
was received as a gift sample from Department of 
Chemistry, Government College University, Lahore, 
Pakistan.

The equipment used were, refrigerator centrifuge  
(2-16KC, Sigma Laborzentrifugen, Germany), 
sonicator (DSA50-SK1-1.8L, Germany), thermostatic 
water bath (M 270, Memmert, Germany), thermostatic 
oven (U10, Memmert, Germany), pH meter (Hanna 
Instruments, Romania), rotary evaporator (HEI-VAP 
series, Heidolph, Germany), hot plate (S37-988, 
Griffin and George Ltd., Britain) and ultra-low chiller 
(MOF U32V) and incubator (MIR-153) by Sanyo 
Electric Co. Ltd., Japan, were used. The absorbance of 
the reaction mixtures were recorded in 1 cm matching 
quartz cell using a UV/Vis spectrophotometer (T70+, 
PG Instruments, UK).

Preparation of standard and sample solutions:

The stock solutions of AA, BHT and OXCPM of the 
strength 1.00 mg/ml were prepared in methanol. A range 
of working solutions of OXCPM (0.10-1.00 mg/ml) 
was prepared by diluting the stock solution with 
methanol. 

DPPH radical scavenging assay:

This assay was performed using a method described by 
Fig. 1: Chemical structure of 5-[(4-chlorophenoxy)methyl]-
1,3,4-oxadiazole-2-thiol
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Manzocco et al. with slight modifications[41]. Briefly, an 
aliquot of 0.20 ml of the sample (0.10-1.00 mg/ml) was 
mixed with 2 ml of 0.50 mM solution of DPPH radical 
(DPPH·) in methanol. The mixture was incubated 
in the dark at room temperature for 30 min and the 
absorbance was recorded at 517 nm against methanol 
as a blank. AA and BHT were used as the standards and 
the test tubes containing methanol in the place of the 
sample served as a control. The % radical scavenging 
activity was calculated using the following Eqn., % 
DPPH· scavenging activity = ((AC–AS)/AC)×100, 
where, Ac and As denote the absorbance of control and 
sample, respectively.

NO· scavenging assay:

The method of Marcocci et al., with some modifications 
was used to evaluate the ability of the OXCPM to 
scavenge NO·[42]. A reaction mixture containing  
3 ml sodium nitroprusside (10 mM) in PBS (pH 7.40) 
and 1 ml sample (0.10-1.00 mg/ml) was incubated at 
25° for 150 min under a visible polychromatic light 
source (100 W tungsten lamp). Finally, 0.50 ml of the 
incubated solution was mixed with equal volume of 
Griess reagent (mixture of equal volumes of sulfanilic 
acid, 0.33 % in 20 % glacial acetic acid and 0.10 % w/v 
naphthylethylenediamine dichloride and incubated for 
further 30 min. The absorbance of the resulting pink-
colored mixture was recorded at 546 nm against DDW 
as a blank. AA and BHT were used as the standards 
and the test tubes containing methanol in the place 
of OXCPM served as a control. The amount of NO· 
scavenged was calculated using the following Eqn., % 
NO· scavenging activity = [(A0–A1)/A0]×100, where, 
A0 and A1 denote the absorbance of mixture before and 
after reaction with Griess reagent.

H2O2 scavenging assay:

The H2O2 scavenging assay was performed as 
described earlier[43]. The reaction mixture containing  
1 ml of OXCPM (0.10-1.00 mg/ml), 3.40 ml phosphate 
buffer (50 mM, pH 7.40) and 0.60 ml H2O2 solution 
(40 mM, prepared in buffer) was incubated at room 
temperature. The absorbance was recorded at 240 nm 
at 0 min and after every 10 min for 40 min. A similar 
reaction mixture containing the buffer in place of H2O2 
was prepared for background subtraction. AA and BHT 
were used as the standards and the test tubes containing 
methanol in the place of OXCPM served as a control. 
The % H2O2 scavenging effect was calculated using 
the following Eqn., % H2O2 scavenging activity = (AC–
AS)/AC)×100.

Reducing power assay:

The assay was performed using a method reported 
previously[44]. Briefly, a reaction mixture containing 
2.50 ml of phosphate buffer (20 mM, pH 6.60),  
2.50 ml of potassium ferricyanide (1 % w/v) and 1 ml 
of sample (0.10-1.00 mg/ml) or standards (AA and 
BHT) or control (methanol) was incubated at 50° for 20 
min followed by addition of trichloroacetic acid (2.50 
ml, 10 % w/v). The resulting mixture was centrifuged 
at 3000 rpm for 10 min and the supernatant (2.50 ml) 
was collected and mixed with equal volume of distilled 
water. Finally, the reaction was stopped by addition of 
ferric chloride (0.50 ml, 0.10 % w/v) and the resulting 
colored complex was analysed at 700 nm against DDW 
as the blank. Increase in absorbance of the reaction 
mixture was taken as a direct measure of the reducing 
power of the sample[45]. The percent reducing power of 
the OXCPM was calculated using the following Eqn., 
% reducing power = (AS–AC/AS)×100.

Phosphomolybdenum assay: 

Phosphomolybdenum assay was performed as 
described by Prieto et al.[46]. Briefly, 0.10 ml of 
OXCPM (0.10-1.00 mg/ml) or standards (AA and 
BHT) or control (methanol) was treated with 1 ml of 
the molybdate reagent (0.60 M sulfuric acid, 28 mM 
sodium phosphate and 4 mM ammonium molybdate 
in distilled water). The tubes were incubated in a 
thermostatic water bath at 95° for 90 min, cooled to 
room temperature and absorbance of the mixture was 
recorded at 695 nm against a suitable blank. Increase 
in the absorption of the reaction mixture indicated the 
antioxidant activity. The percent antioxidant activity of 
the OXCPM was calculated using the following Eqn., 
percent antioxidant activity = (AS–AC/AS)×100.

BC bleaching assay:

BC bleaching assay was performed by the methods 
of Velioglu et al.[47] and Lu and Foo[48]. Briefly, BC 
(100.00 mg) was dissolved in 50 ml chloroform  
(2.00 mg/ml) and added into a flask containing  
1.00 g linoleic acid and 10.00 g Tween-40. The organic 
solvent was completely evaporated from the mixture 
using a rotary evaporator at 40° followed by addition 
of 50 ml PBS to form a stable emulsion. Aliquots  
(4.70 ml) of the emulsion were added in test tubes 
containing 0.20 ml of sample (0.10-1.00 mg/ml), 
incubated at 50° in a thermostatic water bath, and 
the absorbance of the reaction mixture was measured 
immediately (t=0) and after every 30 min up to 90 min 
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at 470 nm. The blank consisted of an emulsion prepared 
in similar manner as mentioned above but devoid of 
BC. The percent antioxidant activity was calculated 
using the following Eqn., percent antioxidant activity 
= 1–[(AT0–AT90)/(AC0–AC90 )+(AS0–AS90)]×100, where, 
AC0 and AC90, AT0 and AT90, and AS0 and AS90 are the 
absorbance values of the control (methanol), test 
sample and standards (AA and BHT), at zero time and 
after incubation for 90 min, respectively.

Ferric thiocyanate assay:

The method described by Kikuzaki et al.[49] was 
employed to determine the effect of OXCPM on lipid 
peroxidation. In the screw cap vials, a reaction mixture 
containing 4 ml of the test concentration of OXCPM 
(0.10-1.00 mg/ml), 4.10 ml of 2.51 % linoleic acid 
(in methanol), 8 ml of phosphate buffer (50 mM, pH 
7.00) and 3.90 ml of DDW was incubated at 40° in 
the dark. Aliquots of 0.10 ml of the reaction mixture 
were transferred to the test tubes containing 9.70 ml 
methanol (100 %), 0.10 ml 30 % aqueous ammonium 
thiocyanate and 0.10 ml 20 mM ferrous chloride in 
3.50 % hydrochloric acid. The absorbance of the 
resulting mixture was measured at 500 nm after 3 min 
of addition of ferrous chloride. The measurements were 
made at 6 h and after every 24 h until the absorbance 
of the control reached its maximum. AA and BHT were 
used as positive control, and the mixture containing 
methanol in place of the sample served as a negative 
control.

Statistical analyses:

Each assay was performed in replicates and the results 
were presented as mean±standard deviation (SD). 
The data were analysed using one-way ANOVA and 
difference between groups was determined by post-
hoc multiple comparison, Tukey’s HSD, using SPSS 
version 12.00. A p-value below 0.05 was considered as 
significant difference. 

Binding interactions of OXCPM with oxidative 
stress-related protein targets:

The binding of the ligand (OXCPM) with two oxidative 
stress-related targets, protein tyrosine kinase 2-β (PTK-
2β) and glutathione reductase (GR) was evaluated using 
online docking software, 1-Click Docking by Mcule, 
Inc., USA. The OXCPM was entered as a SMILE in the 
input section of the software and refined in the drawer. 
Afterwards, the protein target was selected from the 
library and docking was performed. The results were 
obtained as “scores” of OXCPM binding affinity with 

the selected targets. Moreover, the pose of the binding 
of the OXCPM in/on the protein surface was visualized 
and saved to determine the best binding conformation. 
The docking results were saved as “pdb” and binding 
site composition and average distance between the 
ligand and amino acid residue was determined, using 
two online software, 3DLigandSite by Structural 
Bioinformatics Group, Imperial College London and 
COACH by Zhang Lab, University of Michigan[50,51].

RESULTS AND DISCUSSION

The results of antioxidant activities of OXCPM and 
the standards (AA and BHT), at similar concentration 
level (1.00 mg/ml), determined using seven  
in vitro methods are shown in fig. 2. The OXCPM 
demonstrated promising antioxidant activity in all the 
employed models in the order as; H2O2 scavenging 
assay (89.30±0.013 %)>DPPH· scavenging assay 
(81.20±0.002 %)>phosphomolybdenum assay 
(80.52±0.016 %)>NO· scavenging assay (54.81±0.007 
%)>reducing power assay (52.87±0.008 %)>ferric 
thiocyanate assay (34.44±0.019 %)>BC bleaching 
assay (19.91±0.014 %). It is noteworthy that antioxidant 
effects of OXCPM were comparable to the standards 
in the DPPH· and H2O2 scavenging, and BC bleaching 
assays. However, in all the other models, the activity 
of the OXCPM was markedly lower than the standards 
(p<0.05). 

The antioxidant activity of the OXCPM in a 
concentration range (0.10-1.00 mg/ml) indicated a linear 
rise in the response on increasing the concentration. 
The dose-dependent antioxidant effects of the OXCPM 
by various in vitro methods and the respective linear 
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Fig. 2: Antioxidant activities of equivalent amounts of AA, BHT 
and OXCPM in in vitro assays
Comparative activities of ascorbic acid (AA), butylated 
hydroxytoluene (BHT) and 5-[(4-chlorophenoxy)methyl]-1,3,4-
oxadiazole-2-thiol (OXCPM) in seven in vitro assays. *Indicates 
a significant difference in the activity of OXCPM compared 
to the standards, ▓ 5-[(4-chlorophenoxy)methyl]-1,3,4-
oxadiazole-2-thiol; ▒ ascorbic acid; ░ BHT. RPA: Reducing 
power activity; PA: Phosphomolybdenum activity; H2O2: H2O2 
scavenging activity; FTA: ferric thiocyanate activity; NO: NO 
radical scavenging activity; BC: BC bleaching activity
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regression equations are shown in figs. 3a-f. The 
median effective concentration (EC50) of the OXCPM, 
in different in vitro antioxidant assays, calculated from 
the respective linear regression equations are given in 
Table 1.

The kinetics of OXCPM and the standards in producing 
the antioxidant effects was evaluated using the DPPH· 
scavenging, H2O2 scavenging, BC bleaching and ferric 
thiocyanate assays. In the DPPH· scavenging assay, 
a sharp transition in the colour of the free radical 

solution, from purple to yellow, was observed upon 
addition of 0.20 ml of AA, whereas, the rate of reaction 
of OXCPM and BHT with the radical was a bit slower 
and they took 20 and 45 min, respectively, to reach the 
steady state absorbance. This colour transition kinetics 
classified AA, OXCPM and BHT as rapid, intermediate 
and slow antioxidants, respectively. For the H2O2, the 
scavenging effect of OXCPM started within 10 min 
of incubation and the ROS was completely scavenged 
by all the studied concentrations after 20 min of 
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Fig. 3: Concentration-dependent activity of OXCPM
a. DPPH· scavenging assay, b. NO· scavenging assay, c. H2O2 scavenging assay, d. reducing power assay, e. phosphomolybdenum 
assay, f. β-carotene (BC) bleaching assay. All data points are mean±standard deviation (n=3). OXCPM is 5-[(4-chlorophenoxy)
methyl]-1,3,4-oxadiazole-2-thiol
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incubation. Similar reaction kinetics were observed in 
the case of AA and BHT. 

The kinetics of the OXCPM and the standards in 
bleaching BC is shown in fig. 4A. A sharp decline in 
absorbance of the control was observed after heating 
for 20 min and continued until end of the study time 
period. However, the reaction mixtures containing 
OXCPM effectively inhibited the bleaching of BC 
emulsion and the absorbance of the emulsion was 
hence greater than the control. After 90 min incubation, 
the absorbance values of the emulsions containing 
OXCPM were not statistically different from those of 
BHT (0.211±0.014 and 0.211±0.009, respectively) and 
AA (0.211±0.014 and 0.211±0.010, respectively). The 
% antioxidant activity calculated using the formula 
reported by Jayaprakash et al. was found to be 41.97[45]. 

The kinetics of the inhibition of lipid peroxidation by 
OXCPM and the standards AA and BHT are shown 
in fig. 4B. The effects of the sample and the standards 
on lipid peroxidation level were investigated for six 
consecutive days. Throughout the study period, a 
gradual increase in the absorbance of the control was 
observed with maximum at 5th d of incubation. At  
6th d, a drop in the absorbance of the red-colored 
complex was observed in the control test tubes. The 
absorbance of the OXCPM at 5th and 6th d was found 
markedly lower than the absorbance of control but 
higher than AA and BHT. The order of absorbance 
was found to be as control>OXCPM>AA>BHT. The 
absorbance values for all the concentration range of 
the sample (0.10-1.00 mg/ml) and AA were also the 
highest at 5th d and decreased afterwards. The decrease 
in absorbance might be attributed to the formation of 
malondialdehyde products from oxidation of linoleic 
acid, however, this was not observed in the case of 
BHT. The percent inhibition of lipid peroxidation 
by OXCPM, AA and BHT at 5th d was found to 
be 2.93±0.034, 4.64±0.014 and 59.07±0.016 %, 
respectively. The statistical analysis indicated that the 

activity of OXCPM was not significantly different 
from that of AA. However, at similar concentrations, 
the activity of BHT was significantly higher than 
OXCPM and AA. It was noted that OXCPM and 
AA showed maximum response (34.44±0.019 and 
55.50±0.026 %, respectively) after 24 and 6 h of 
incubation, respectively, and then a gradual decline in 
their activity was observed as compared to BHT, which 
showed maximum inhibition at 5th d. The results for 
both the standards were found to be consistent to the 
previously published report[52]. Hence, it is clear from 
the result of the study that OXCPM has comparable 
lipid peroxidation protection than that of AA but the 
both were less active than BHT. 

OXCPM interacted with the protein targets, PTK-2β and 
GR, at the default binding sites having dimensions such 
as GR 1gsn (X, 61.0056; Y, –18.9883; Z, 51.4463), GR 
1xan (X, 82.1538; Y, –5.7497; Z, 36.095), GR 3grs (X, 
60.8014; Y, 51.3499; Z, 18.9135), GR 3grt (X, 63.1107; 
Y, 37.3065; Z, 20.1816), PTK-2β 3et7 (X, 22.7878; 

TABLE 1: EC50 VALUES OF OXCPM IN VARIOUS 
ANTIOXIDANT ASSAYS

Antioxidant assays Median effective 
concentration (EC50, mg/ml)

DPPH· scavenging assay 0.58
NO· scavenging assay 0.67
H2O2 scavenging assay 0.59 
Phosphomolybdenum assay 0.93
Reducing power assay 0.32
BC bleaching assay 2.56
OXCPM is 5-[(4-chlorophenoxy) methyl]-1,3,4-oxadiazole-2-thiol. 
EC50 is median effective concentration
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Fig. 4: Kinetics of BC bleaching and inhibition of lipid 
peroxidation by AA, BHT and OXCPM 
A. β-carotene (BC) bleaching assay and B. inhibition of 
lipid peroxidation in ferric thiocyanate assay. All points 
represent mean±standard deviation of 3 determinations. A. 

 control,  5-[(4-chlorophenoxy)methyl]-1,3,4-
oxadiazole-2-thiol (OXCPM, 1.00 mg/ml),  butylated 
hydroxytoluene (BHT) and ascorbic acid (AA). B ▬●▬ 
control,  BHT, AA;  OXCPM
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Y, 65.5996; Z, 18.6962), PTK-2β 3fzp (X, 14.893; Y, 
–10.8816; Z, 7.0870), PTK-2β 3fzs (X, –3.4674; Y, 
–3.2746; Z, 12.4054), PTK-2β 3fzt (X, –4.9729; Y, 
–1.8823; Z, 11.6155), PTK-2β 3fzr (X, 23.0432; Y, 
66.4355; Z, 18.3507) and PTK-2β 3h3c (X, 16.7807; Y, 
–10.0077; Z, 4.3928). The scores of OXCPM binding 
to these sites indicated that the OXCPM possessed 
good affinity towards both the targets, PTK-2β and 
GR, with maximum towards the latter (Table 2). The 
binding poses of OXCPM relative to the best binding 
score are shown in fig. 5. These results indicate that 
OXCPM gives the best conformation with GR 1gsn 
and GR 3grs. 

The composition of binding pockets and average 
distance between amino acid residue and the ligand 
was determined for two protein targets for which 
OXCPM gave best scores and conformations. For 
GR 3grs, mammoth scores for the ligand cluster 
included (average InE: 51.2, min LnE: 49.6, max LnE: 
51.3), and composition of the binding pocket and 
average distance between amino acid residue and the 
ligand was ILE9(0.39), GLY10(0.01), GLY11(0.05), 
GLY12(0.03), SER13(0.00), GLY14(0.00), GLY15 
(0.01), VAL32(0.31), GLU33(0.00), SER34(0.00), 
HIS35(0.07), LYS36(0.34), GLY39(0.00), THR40 
(0.00), CYS41(0.00), VAL44(0.30), GLY45(0.18), 
CYS46(0.06), LYS49(0.00), GLY111(0.06), HIS112 
(0.02), ALA113(0.00), ALA138(0.12), THR139(0.01), 
GLY140(0.01), GLY141(0.04), SER160(0.04), TYR180 
(0.00), ILE181(0.58), ARG274(0.24), LEU281(0.32), 
GLY313(0.09), ASP314(0.00), VAL315(0.36), LEU320 
(0.03), LEU321(0.00), THR322(0.00), PRO323(0.05) 
and ALA325(0.57). For GR 1gsn, mammoth scores 
for the ligand cluster included (average InE: 50.9, 

min LnE: 49.3, max LnE: 51.0), and composition of 
the binding pocket and average distance between 
amino acid residue and the ligand was ILE9(0.44), 
GLY10(0.02), GLY11(0.03), GLY12(0.02), SER13 
(0.00), GLY14(0.00), GLY15(0.02), VAL32(0.39), 
GLU33(0.00), SER34(0.00), HIS35(0.02), LYS36 
(0.32), GLY39(0.02), THR40(0.00), CYS41(0.00), 
VAL44(0.30), GLY45(0.33), LYS49(0.00), GLY111 
(0.03), HIS112(0.00), ALA113(0.00), ALA138(0.05), 
THR139(0.00), GLY140(0.02), GLY141(0.02), SER160 
(0.12), TYR180(0.00), ILE181(0.64), ARG274(0.10), 
LEU281(0.38), GLY313(0.01), ASP314(0.00), VAL315 
(0.32), LEU320(0.08), LEU321(0.02), THR322(0.00), 
ALA325(0.56) and PHE355(0.65)[50,51]. 

Oxidation is a chemical reaction, which involves the 
transfer of electrons from one molecule to the other 
(an oxidizing agent). The importance of oxidation 
reactions in the body is extensively recognized. All 
living organisms depend on the oxidative metabolism 
for their survival and this dependency results in 
generation of oxygen FRs and ROS. FRs, owing to 
their instability and high reactivity, undergo oxidative 
chain reactions, thus producing more radical species. In 
situations, when the oxidation exceeds the antioxidant 
defence mechanisms of the body secondary to a loss of 
balance between them, oxidative stress occurs[53]. The 
prevention against oxidative stress is possible through 
the use of antioxidants. 

Antioxidants are the substances which slow down, 
prevent or terminate oxidative chain reactions being 
oxidized themselves, hence, are chemically reducing 
agents (thiols, acids or phenols) or conjugated systems. 
Despite controversies, use of antioxidant-based 
formulations has increased in the last three decades in 
the hope of promoting health and preventing chronic 
diseases[54]. However, incorporation of common 
synthetic antioxidants e.g. butylated hydroxyanisole, 
BHT, tertiary-butyl hydroquinone and propyl gallate in 
nutritional supplements, cosmetics and food products 
has been suspected to be associated with potential 
health hazards e.g. carcinogenesis, mutagenicity and 
liver injuries[55]. Hence, this situation creates a necessity 
for scrutinizing safe alternative synthetic antioxidants 
with broad-spectrum actions.

OXCPM contains a thiol group bonded to the aromatic 
oxadiazole ring at position 2. The labile hydrogen group 
attached to sulphur makes the molecule susceptible to 
oxidation, thereby acting as reducing agent. Keeping 
in view the structural information, the present study 
was designed to evaluate the antioxidant potential of 

Protein PDB ID
Binding score

OXCPM AA BHT

Protein-
tyrosine kinase 
2-β

3et7 -5.8 -4.8 -6.7
3fzp -6.5 -4.9 -6.8
3fzr -6.0 -4.5 -6.3
3fzs -5.9 -4.6 -7.3
3fzt -6.6 -5.6 -7.2
3h3c -6.0 -5.1 -6.8

Glutathione 
reductase

1gsn -6.9 -6.2 -5.5
1xan -5.0 -4.9 -6.7
3grs -7.0 -6.3 -5.7
3grt -5.1 -4.7 -5.9

TABLE 2: BINDING SCORES OF OXCPM, AA AND 
BHT AGAINST PROTEIN TARGETS 

Binding scores against various protein targets were generated using 
Mcule 1-Click Docking software. OXCPM is 5-[(4-chlorophenoxy)
methyl]-1,3,4-oxadiazole-2-thiol AA  is ascorbic acid and BHT is 
butylated hydroxytoluene
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OXCPM using seven in vitro methods detailed above. 
Preliminary findings of the antiradical potential of 
OXCPM by the DPPH assay indicated that OXCPM 
possessed excellent free radical scavenging potential. 
Later on, OXCPM was investigated for the potential 
to quench specific radicals involved in oxidative stress 
such as OH·, NO· and LOO·. OXCPM demonstrated 
good antioxidant activity against oxidative stress-
related OFR and ROS by all adopted models, however, 
a non-significant difference was observed between 

the response of OXCPM and AA in preventing lipid 
peroxidation (investigated using BC bleaching and 
ferric thiocyanate assay) and scavenging H2O2. The 
reaction kinetics by various models suggested that 
OXCPM was intermediate-fast antioxidant. 

Though, the methods employed for evaluation of 
antioxidant activities gave a strong prediction of 
OXCPM’s potential. However, the results from 
chemical methods cannot entirely be extrapolated to 
the living organisms. Several literature reports reveal 

 
PTK-2β 3et7 

 
PTK-2β 3fzp 

 
PTK-2β 3fzr 

 
PTK-2β 3fzs 

 
PTK-2β 3fzt 

 
PTK-2β 3h3c 

 
GR 1gsn 

 
GR 1xan 

 
GR 3grs 

 
GR 3grt 

Fig. 5: Best binding fits for OXPCM against oxidative stress-related endogenous targets
Protein tyrosine kinase 2-beta (PTK-2β) and glutathione reductase (GR); carbon, hydrogen, nitrogen, oxygen, chlorine and sulphur 
are represented by silver, white, blue, red, green and yellow colors, respectively. 5-[(4-chlorophenoxy)methyl]-1,3,4-oxadiazole-2-
thiol (OXCPM)
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that an antioxidant may not only exert its effect directly 
by quenching the FRs but also by inducing endogenous 
defence mechanisms[56,57]. Hence, molecular docking 
studies were carried out to further support the findings 
and evaluate molecular level interaction of OXCPM 
with endogenous oxidative-stress-related targets. 

The ligand-protein interactions were predicted using 
Mcule’s 1-Click Docking software, which used 
AutoDock Vina (with default parameters) for docking 
calculations, which could facilitate the drug discovery 
program by providing useful information regarding 
binding score and orientation of a particular ligand 
to the selected target. The software stores best-four 
docking poses. An important advantage of using the 
software was that the identity of the molecule remains 
un-modified during docking i.e. InChI strings of the 
input ligand and output conformer are compared and 
in case of InChI mismatch, the results are discarded. 

For docking studies, PTK-2β was selected since it is 
a custodian of cell regulatory pathways and signal 
transduction processes and during OS, functional 
changes in the protein lead to destructive events[53]. 
GR is another endogenous defence component, which 
copes the OS by catalysing the reduction of glutathione 
disulphide to the sulfhydryl glutathione[58]. The docking 
results obtained indicated that BHT exhibited highest 
binding scores for all the subclasses of PTK-2β followed 
by OXCPM and AA. Among the subclasses of PTK-
2β, BHT showed maximum affinity towards PTK-2β 
3fzs and PTK-2β 3fzt, OXCPM towards PTK-2β 3fzt 
and PTK-2β 3fzp, and AA towards PTK-2β 3fzt. For 
glutathione reductase, maximum binding scores were 
obtained for OXCPM in all the subclasses except GR 
1xan where BHT showed maximum affinity. OXCPM 
demonstrated high binding affinity for GR 3grs and 
1gsn, BHT for GR 1xan, and AsA for GR 3grs and GR 
1gsn. It is important to mention here that OXCPM and 
AA showed maximum binding affinities towards the 
same subclass of GR, but OXCPM had shown to better 
attach to the active site rather than AA. Hence, these 
results confirm the in vitro findings and indicate that 
the OXCPM is a putative antioxidant molecule. 

The results of the present study indicated that OXCPM 
was a potential antioxidant that produced pleiotropic 
effects by scavenging a variety of OFR and ROS. 
Moreover, its strong binding affinities for PTK-2β and 
GR revealed that it possessed the ability to induce the 
endogenous defence system. Hence, it has the potential 
to be developed into an effective antioxidant drug. 

Nonetheless, more data revealing its safety and in vivo 
antioxidant potential is needed.
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