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Abstract
Background: 1,3,4-Oxadiazole have been reported for the
diverse use in medicine because of its versatile
pharmacological properties. In continuation of our on-going
research the present study is established to investigate the
in-vitro and in-vivo anti-inflammatory activity of 5-{[2-(4-
chlorophenoxy)propan-2-yl]-1,3,4-oxadiazole-2-thiol (1) and
its derivatives N-substituted 5-{[2-(4-
chlorophenoxy)propan-2-yl]-1,3,4-oxadiazol-2ylthio}
acetamides (3a-3i).

Methods: In-vitro and in-vivo anti-inflammatory activity was
evaluated by albumin protein denaturation method and
carrageenan-induced edema respectively. Ligands 1,
standard, and 3a-3h were docked with COX-2 (3LN1) by
Patch Dock to find the docking transformations. All the
values are expressed in mean ± SEM. Statistical significance
was calculated by one way ANOVA with Dennett’s test.

Results: Experimental results for in-vitro and in-vivo anti-
inflammatory activity suggested that 3a and 3c as potent
anti-inflammatory compounds. Moreover, in the in-vivo rat
model, the compound 3h and 3a showed a significant role
in enhancing clotting time. In silico study of tested
compounds showed that all these compounds except 1 and
3e show higher docking score than standard drug diclofenac
sodium. In addition, impressive inhibitory potential against
COX-2 was observed with higher docking scores (5172-5938)
with Atomic Contact Energy (ACE) values (-143.21 to -380.56
kcal/mol) than the standard diclofenac sodium (Docking
score 4612; ACE -242.58 kcal/mol).

Conclusion: All the results suggest that these compounds
may be used in the development of anti-inflammatory
pharmaceutical products.

Keywords: Oxadiazole; Acetamides; Anti-inflammatory;
Carrageenan; Diclofenac sodium; In vivo, In vitro, Molecular
docking

Abbreviations:
DS: Diclofenac Sodium; CT: Clotting Time; SD: Sprague Dawley;

COX-2: Cyclooxygenase-2

Introduction
Inflammation is caused by the harmful stimuli to the body,

such as pathogens, damaged cells or physical injury that are able
to trigger an inflammatory response. If this response is
persistent chronic inflammation appears that can lead to the
development of severe diseases such as cardiovascular disease,
neurodegenerative disorders, osteoarthritis, rheumatoid
arthritis, diabetes, cancer, gout, asthma, inflammatory bowel
disease which represent an important cause of mortality and
morbidity worldwide [1-3]. The word ‘inflammation’ originates
from the Latin word inflammare [4]. Inflammation is basically a
protective response of the body and ultimate goal of this is to
help the organism to get rid of both, the initial cause of injury
(e.g. microbes, toxins) and the consequences of such injury (e.g.
necrotic cells and tissues) [5]. Prostaglandins are basic
substances that indicate and modulate cell and tissue responses
involved in inflammation [6]. Cyclooxygenases (COX) or
prostaglandin endoperoxide synthases are the key enzymes in
the synthesis of prostaglandins, the main mediators of
inflammation, pain, and increased body temperature
(hyperpyrexia) [7]. COX-1 and COX-2 are two distinct isoforms of
cyclooxygenase and plays a vital role in the conversion of
arachidonic acid to prostaglandins [8].
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Non-Steroidal Anti-Inflammatory Drugs (NSAIDs) are effective
against inflammation and they inhibit the biosynthesis of
prostaglandin. These drugs inhibit both isoforms of
cyclooxygenases (COX), but many side effects are associated
with them such as gastrointestinal (GI) lesion as well as hepato-
and nephro-cytotoxicities [9]. It is known that selective COX-2
inhibitors can provide anti-inflammatory agents devoid of the
undesirable effects associated with classical non-selective
NSAIDs [10]. In designing new drug molecules, developing safer
analgesic and anti-inflammatory drugs with fewer side effects
has recently been the goal of many researchers. Different
pharmacophores with a different mechanism of action, in the
structure, may lead to compounds having improved biological
activity.

Synthesis and the evaluation of 2,5-disubstituted-1,3,4-
oxadiazole-2-thiol derivatives have received great attention in
the past decades. The medicinal values of these compounds are
diverse and include anti-edema [11], antiviral [12], anti-
coagulant [13], anti-inflammatory, anti-microbial, analgesic,
anti-mycobacterial, anti-convulsant, anti-tumor, antimalarial,
anti-hepatitis B, anti-tuberculosis, insecticidal, anti-HIV and anti-
Parkinsonism activities [14,15].

In continuation of our ongoing research efforts in the search
for new anti-inflammatory agents, we report herein the in vitro
and in vivo anti-inflammatory activities and in silico study of N-
substituted 5-{[2-(4-chlorophenoxy) propan-2-yl]-1,3,4-
oxadiazol-2ylthio}acetamides (3a-3h) [16].

Methods

In-vitro anti-inflammatory activity
In vitro anti-inflammatory activity has been performed by

following “ percentage inhibition of protein denaturation ”
protocol. The increase in absorbance value of target compounds
as compared to control is due to stabilization or inhibition of
albumin denaturation effect of tested compounds and standard
drug diclofenac sodium [17].

In this method, mixture consists of 2.8 ml phosphate buffered
saline (pH 6.4), 0.2 ml of fresh egg albumin and 2 ml of different
concentration of test drugs (100 µl/ml). The mixture was
incubated at 37°C ± 2°C for 15 minutes and then heated at 70°C
for 5 minutes. The absorption was calculated at 660 nm by using
the vehicle as blank after cooling the mixture.

Diclofenac sodium (100 µl/ml) used as positive control and
distilled water is used as a negative control. The percentage
inhibition of protein denaturation was calculated by using the
following formula:

% inhibition of protein denaturation=(Vt/Vc-1) × 100

Where,

Vt=absorbance of the test sample

Vc=absorbance of control

In-vivo anti-inflammatory activity
Sprague Dawley (SD) rats (100 g to 120 g) were used to

determine the in vivo anti-inflammatory effects of tested
compounds and kept under control temperature (25 ± 5°C) and
humidity (50 ± 10%) in animal house, with free access of
pathogen and autoclave tap water for 24 hours Experiments
were approved by Institutional Ethical Committee, University of
the Punjab, Lahore and international ethical guideline was also
followed for the care of laboratory animals to provide them
healthy environment.

In vivo anti-inflammatory activity was performed according to
the protocol reported by Lincy et al. [18]. Rats weighing 150 g to
200 g were used for anti-inflammation activity in three groups
and all these rats were deprived of food overnight. 100 µl of 1%
carrageenan was injected into the subplantar surface of rat hind
paw for creating acute inflammation in it. The animals of Group
1 were given 1% sodium carboxymethyl cellulose orally as
control. The animals of Group 2 were given 10 mg/kg diclofenac
sodium as positive control orally and 100 µl of carrageenan in
paw and Group 3 animals were administrated with 50 mg/kg
tested compounds and 100 µl of carrageenan-injected after the
30 minutes of drug administration. The volume of the paw was
measured immediately after the carrageenan administration at
0, 1, 2, 3, and 4th hours by plethysmometer.

Percentage protection (or inhibition) was calculated by using
the formula:

% protection=(1-Vt/Vc) × 100

Where,

Vt is the mean increase in the paw volume in the test animals
group

Vc is the mean increase in the paw volume in the control
group

Carrageenan-induced paw edema model
The further model was designed to describe the prevention

and pre-treatment of inflammation by synthesized tested drugs
(3a and 3h) and compared with standard to evaluate their
activity significantly. Rats weighing 100 g to 150 g were used for
anti-inflammation activity in three groups. First and second
groups of animals (n=5) were administrated orally with distilled
water as negative control and diclofenac sodium (10 mg/kg) in
0.5% CMC as positive control respectively for the four days
consecutively then at 6th and 8th day, after this 100 µl of 1%
carrageenan is injected into the subplantar surface of rat right
hind paw at 4th and 8th day for creating acute inflammation in it.
Third group of animals (n=5) were administrated orally with
tested compound 3a, 3h (100 mg/kg) in 0.5% CMC consecutively
for the four days then at 6th and 8th day, after this 100 µl of 1%
carrageenan is injected into the subplantar surface of rat right
hind paw at 4th and 8th day for creating acute inflammation in
and the volume of paw was measured after 1 hour of injection
of carrageenan each time at 1,2,3 and 4th hour to check the
anti-inflammatory effect of tested drugs. After the 4th hour of
carrageenan injection at the 8th day animals were sacrificed to
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check the change in liver, spleen and kidney and blood was
collected to evaluate the level of cholesterol, triglycerides and
HDL. Percentage protection (or inhibition) was calculated by
using the formula:

% protection=(1-Vt/Vc) × 100

Where, Vt is the mean increase in the paw volume in the test
animals group and Vc is the mean increase in the paw volume in
the control group (Figure 1).

Figure 1: Depiction of the experimental protocol for
Carrageenan-induced paw edema model.

Determination of anti-thrombotic activity (CT)
The clotting time was determined at the 4th hour after the last

administration of drugs and a drop of blood was put on the
clean glass slid then with the aid of pinhead drop was stirred at
the interval of 30 seconds until fibrin filament appears in it.
Clotting time is measured in each rat of the model [19,20].

Histopathology of Paw after Edema

Histopathology staining
After the 4th hour of carrageenan injection at the 8th-day

animals were sacrificed, and paw tissues were drawn for
histopathology and tissues were stained with Eosin and
Hematoxylin (H and E). The staining procedure was started when
the slides were placed in hematoxylin solution and solution and
stained for about minutes. Additional staining color was
removed by placing the slides under the running water for about
15 minutes and then in ethanol (70% and 90%) for 5 minutes.

Eosin staining
After hematoxylin staining, the slides were subjected to eosin

staining for 1 second and then placed in alcohol (90% and 100%)
for 5 minutes each after which the slides were kept in xylene
overnight.

Tissue section mounting
All the tissue solutions were mounted with the help of Canada

balsam. Slides were covered with coverslips (dipped in xylene)
and then stored at room temperature in the slides drier.

Docking Methodology
In silico analysis, docking of the newly designed 1,3,4-

oxadiazoles derivatives against COX-2 protein was carried out.
The crystal structure of the COX-2 protein was retrieved from
the Research Collaboratory for Structural Bioinformatics (RCSB)
Protein Data Bank (PDB ID 3LN1). The experimental (in vivo)
studies were carried out against COX-2 from Sprague Dawley rats
and the docking study against human COX-2 (PDB ID: 3LN1 at 2.1
Å resolutions).

Preparation of target COX-2 and compounds for
docking

The coordinate files were subjected to Discovery Studio 4.5
Visualizer for pre-docking receptor preparation by removing
water molecules and adding hydrogen atoms. Ligands1, standard
drug diclofenac sodium, and 3a-3h were docked with COX-2
(3LN1) by Patch Dock (http://bioinfo3d.cs.tau.ac.il/PatchDock/)
to find the docking transformations that produced a good
molecular shape complementarily based on shape
complementarily principles [21]. The input files included the
receptor protein and ligand in PDB format. Patch Dock offers
multiple solutions and “ solution 1 ”  was selected as it
surrounded the most crucial residues for the binding pocket for
docking analyses assigned in the crystal structure of COX-2
target site (3LN1) [22]. The docked structures were examined by
using Discovery Studio 4.5 Visualizer and Chimera 1.9.

Docking analysis
The binding affinities of the docked ligands were evaluated as

scores and Atomic Contact Energy (ACE) of the docked
complexes. The hydrogen bonding and Van der Waals
interactions of each ligand were assessed within the binding
pocket of the receptor protein. The conformation of the ligands
with the highest biological activities is showed in Table 1 with
their favorable contacts in the binding pockets. To get a
qualitative evaluation and to recognize the molecular basis of
the calculated biological activities, the docked complexes of
ligands 1, diclofenac sodium, and 3a-3h were investigated.

The energy score (S) was the main criterion to evaluate the
binding affinity of ligand (Table 1). The compound having the
highest binding affinity forms the most stable ligand-enzyme
complex. The results of docking studies: energy score, involved
COX-2 active site amino acid residues, and interacting ligands
moieties for each compound and the reference inhibitor are
given in Table 1. Analysis of docking results showed that
standard diclofenac sodium has a score of 4612 with an Atomic
Contact Energy (ACE) value of -242.58 kcal/mol when it docked
with COX-2 and exhibited hydrogen bonding with Ser516. The
length of the hydrogen bond was 1.99 Å.
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Statistical Analysis
All the values are expressed in mean ± SEM. Statistical

significance was calculated by one way ANOVA with Dennett’s
test.

Results

Anti-inflammatory activity
In Vitro anti-inflammatory activity: Results demonstrated

that compound 3a and 3c showed higher activity than standard
drug diclofenac sodium while compound 1 depicted less activity
among all the compounds. The order of the in vitro activity of all
tested compounds is 3a>3c>DS>3h>3d>3e>3f>3b>3g>1. The
results of all synthesized compounds are presented in Figure 2.

Figure 2: Graphical presentation of in vitro anti-inflammatory
activity Graph represents % inhibition by compounds via
protein denaturation method. All data is shown in percentage
values. DS; Diclofenac Sodium was used as standard drug.

In-vivo anti-inflammatory activity: In vivo anti-inflammatory
activity the “carrageenan-induced paw edema” protocol was
applied and volumes of paw were noted within 4 hours interval
of time. Carrageenan is a polysaccharide that facilitates the
activation of inflammatory mediators. Inflammation causes
vasodilation of blood vessels and capillaries. Thus dilation of
capillaries occurs due to inflammation below the surface where
carrageenan is applied. This causes an in an increase of blood
flow to that area resulting in redness or swelling. Graphical
results of activity are given below in Figure 3.

Figure 3: In-vivo anti-inflammatory activity. Graph showing
anti-inflammatory activity of the tested compounds and their
comparison to standard DS. Data were shown as Mean ± SD,
n=2. DS; Diclofenac sodium was used as standard drug.

The findings of experiments indicated that the target
compounds 3a, 3b, 3c, 3d, 3e, 3g, and 3i showed potent activity
but less than standard drug diclofenac sodium. The compounds
3f and 1 showed poor activity. The order of the in vivo activity of
all tested compounds is DS>3a>3c>3b>3g=3d>3h>3f>1.

Carrageenan induce paw edema model
The prevention and protection activity of tested drugs was

measured by selecting 3a and 3h for the carrageenan-induced
paw edema model. Results showed that tested drugs were
administrated for the four consecutive days has a significant
effect on the inhibition of the paw volume as compared to
control but if the administration is not done on the consecutive
days inhibition of paw volume is not very significant as
compared to control (Figures 4 and 5).

The liver spleen and kidney of dissected 3a and 3h were also
weighed and compared with standard. Results are given below
in Figure 6. Weight of organs of experimental rats such as liver
spleen and kidney was significantly different from that of the
weight of control rat. Liver weight (p<0.002) of experimental rats
is greater than that of control but less than standard. Weight of
spleen (p<0.002) and kidney (p<0.002) is less than that of
control as well as standard.

Liver weight of control rat is less than that of treated rats
because of the presences of inflammatory mediators which
leads to the necrosis and cause the shrinkage in the liver.
Decrease and shrinkage in the spleen may be due to the
inhibition of inflammatory cytokines by tested drugs while
reduction of kidney weight probably takes place by the
inhibition of prostaglandins. Cytokines and prostaglandin are
produced in the spleen, kidney, and lymphoid organs by
carrageenan which increases the cellularity of organs.
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Figure 4: In-vivo anti-inflammatory activity of oxadiazole
derivatives. The diagram (A, B, C), (D, E, F) and (G, H, I) show
the paw volume (A) (D) (G) before and after the injection of
carrageenan (B) (E) (H) at 0 and (C) (F) (I) 4hour without the
administration of drugs as negative control, with the
administration of drugs and standard drug as positive control
respectively. DS; Diclofenac sodium was used as standard
drug.

Figure 5: Carrageenan induces paw edema model of
Oxadiazole derivatives. Graph showing anti-inflammatory
activity of the tested compounds 3a and 3h and their
comparison to standard. (A) Represented paw volume at the
0, 60, 240 and 340 minutes after the administration of tested
compounds consecutively for the four days to check how
many diseases can be prevented. (B) Showed the paw volume
at the 0, 60, 240 and 340 minutes of the eighth day without
the administration of tested compound on 5 and 7 day to
check how much it can treat disease. Data were shown as
Mean ± SD, n=5. DS; Diclofenac sodium was used as standard
drug. p<0.002 showed significant difference statically when
compared to control.

Figure 6: Organ weight of carrageenan-induced paw edema
model of oxadiazole derivatives. Organs weight of the tested
compounds 3a and 3h and their comparison to standard. A
Graph showing), (B) and (C) represented the comparison of
Liver, Spleen and Kidney weight of tested compounds with
negative control and DS as positive control but (D) describe
this comparison as a whole. Data were shown as Mean ± SD,
n=5. DS; Diclofenac sodium was used as standard drug. A
significant difference was p<0.002.

Determination of anti-thrombotic activity (CT)
Results of clotting time (CT) of 3a and 3h are given below

(Figure 7):

Figure 7: Graph showing antithrombotic activity (CT) of the
tested compounds 3a and 3h and their comparison to
standard. DS; Diclofenac sodium was used as standard drug.
All the data were expressed as Mean ± SD, n=5. p<0.002****

showed significant difference statically when compared to
control.
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According to the literature review, oxadiazole has significant
effects on blood as anti-thrombolytic agents. Compound 3h
show higher clotting time than standard while 3a has
comparable to standard drug.

Case with high LOH content
A case 199, corresponding to a female depicting

dysmorphism, low set ears, and poor coordination showed
extended contiguous regions of allele homozygosity (>8 Mb) in
multiple chromosomes that is consistent with common descent
(related parents). Several large regions of homozygosity were
detected, encompassing approximately 17.5% of the genome.
These may be added to provide a measure of identity by descent
which in this case is equivalent to brother-half-sister parentage.

Lipid Profile of compounds 3a and 3h
Lipid profile of targeted compounds was also evaluated and

compared with standard. Results of the lipid profile are given
below (Figure 8):

Figure 8: Lipid profile of carrageenan induce edema model of
oxadiazole derivatives.

Graph (A), (B) and (C) illustrate the level of cholesterol,
triglycerides, and HDL in the animal model for the anti-
inflammatory activity. All the data were expressed as Mean ± SD,
n=5. DS; Diclofenac sodium was used as standard drug. p<0.01**,
p<0.001***, p<0.002**** showed significant difference statically
when compared to control.

Results showed that the cholesterol level of both tested
compounds is comparable to standard (DS). Triglyceride level of
3a is very less than 3h and standard while the HDL of 3h is
higher than standard and 3a.

Histopathology of paw after edema
Results of a histopathological study of compounds 3a and 3h

are given below. Histological chemistry of carrageenan induces
edema in paw SD rat via HE staining represented that the
presence of various inflammatory cells in the paw tissues of
treated rat 3a and 3h is less than that of control rat (Figure 9).

Figure 9: Representation of histological study. HE staining was
used to check the presence of inflammatory cells in the
experimental rat paw. A) Control group; B) standard; C)
synthesized drug 3a and; D) synthesized drug 3h. Arrow
indicates the clearance of inflammatory cell in inflamed paw.
The picture was taken at 10X.

Further work is required at the molecular level to determine
which enzymatic pathway is affected by these compounds to
inhibit the inflammation.

Docking Study
The energy score (S) was the main criterion to evaluate the

binding affinity of ligands. The compound having the highest
binding affinity forms the most stable ligand-enzyme complex.
The results of docking studies: energy score, involved COX-2
active site amino acid residues, and interacting ligands moieties
for each compound and the reference inhibitor diclofenac
sodium are given in Table 1.

Table 1: Docking results for highest ranked biologically active ligand COX-2.

Compd. No. Global
Energy

ACE/
Kcal/mo le

Amino acids showing
hydrogen bond contacts

Distance (Å) Amino acids showing
van der Waals contacts
lie within 4 Å

Amino acids
showing arene-
cation contacts

1 4300 -232.83 - - Leu345, Val102, -
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- - - - - Phe504, Leu338, -

Leu370, Ser516

3a 5705 -300.1 Ala142, Pro140 2.62, Asn28, Arg29, -

- - - - 2.12 Gln27, Leu138, -

- Asn24, Gln447,

Val141, Gly121,

Tyr122, Asn19,

Glu31, Gly30,

Gln451, Arg455

3b 5902 -380.56 - - Asn28, Gln27, -

- - - - - Cys26, Gly30, -

Asn19, Tyr122,

Ser34, Asn24,

Gln447, Leu138,

Glu451, Lys454

3c 5938 -157.95 Thr198, Thr198 2.97, Ile260, Val277, -

- - - - 2.87 Lys197, Thr369, -

- His200, Gln440,

Phe196, Lys201

3d 5738 -316.77 Asn24 2.83 Gly121, ASn19, -

- - - - - Cys32, Arg455, -

Gly30, Gln27,

Glu451, Cys26,

Gln447, Val141,

Cys22

3e 4466 -395.84 Gln447 3.37 Glu451, Asn24, -

- - - - - Asn19, Tyr122, -

Gly90, Cys26,

Gln27, Arg29,

Asn28

3f 5790 -336.43 Gly30, Arg29, 3.34, - -

- - - Cys26 2.26, - -

- 3.18

3g 5172 -364.34 Gln447 3.37 Asn28, Arg29, -

- - - - - Gln27, Cys26, -

Gly30, Asn19,

Tyr122, Asn24,

Glu451

3h 5840 -143.21 Thr198, Arg208 2.72, Thr369, Asn368, -
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- - - - 2.76 Phe196, Gln275, -

- Val277, Lys197,

Lys201, His200

Diclofenac Sodium 4612 -242.58 Ser516 1.99 Ser339, Leu345, -

- - - - - Val102, Met99, -

Leu517, Trp373,

Phe504

Analysis of docking results showed that standard drug has a
score of 4612 with an Atomic Contact Energy (ACE) value of
-242.58 kcal/mol (Figure 10) when it docked with COX-2 and
exhibited Van der Waals contact potential with pocket amino
acids Ser339, Leu345, Val102, Met99, Leu517, Trp373, Phe504. It
also shows hydrogen bonding with amino acid Ser516 .

Figure 10: 3D (A) and 2D (B) binding site interaction of
standard diclofenac sodium.

In the initial assessment of the docked complexes of COX-2 (1,
Diclofenac sodium, 3a-3h), seven ligands 3a, 3b, 3c, 3d, 3f, 3g,
and 3h showed significant better interaction patterns when
compared with standard diclofenac sodium. Ligand 3c and 3b
showed the most potent interaction with COX-2 active site.
Visual inspection of these complexes predicts a binding
conformation of ligand 3c, which showed significant interaction
with the COX-2 binding site compared to the other ligands with a
score of 5938 and an ACE of -157.95 kcal/mol (Table 1 and
Figure 11).

Figure 11: 3D (A, C) and 2D (B, D) binding site interactions of
the most probable docked Ligands 3c, and 3b within COX-2
active site showing their binding interactions.

Ligand 3c has shown a potential hydrogen bond between the
oxygen of carbonyl groups and oxygen of oxadiazole ring with
Thr198 . The length of the hydrogen bonds was 2.97 Å and 2.87
Å indicating significant interaction. Similarly, ligand 3c exhibited
Van der Waals contact potential with pocket amino acids Ile260,
Val277, Lys197, Thr369, His200, Gln440, Phe196, Lys201.

Interestingly, ligand 3b showed no hydrogen bond interaction
with COX-2 receptor even given the significant geometric fit of
this ligand in the receptor, and the scoring in Patch Dock is based
on shape complementarily principles, it resulted in a score of
5902 and an ACE of -380.56 Kcal/mol with COX-2 (Table 1).
Ligand 3b exhibited Van der Waals contact potential with pocket
amino acids Asn28, Gln27, Cys26, Gly30, Asn19, Tyr122, Ser34,
Asn24, Gln447, Leu138, Glu451, Lys454. It also showed pi-sigma
interaction of phenyl ring of oxadiazole moiety with Met99
(Figure 11).

Discussion
The synthesized oxadiazole derivatives (3a-3h) were screened

for in vivo and in vitro anti-inflammatory activity. The in vitro
anti-inflammatory has done by % inhibition of protein
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denaturation method while in-vivo anti-inflammatory activity
done by carrageenan-induced paw edema of Sprague Dawley
rats and compared with diclofenac sodium, which is a standard
drug. Carrageenan induces edema in rat paw is the best and
effective method for the evaluation of the anti-inflammatory
activity of tested compounds nowadays [23].

This has been frequently used to assess the anti-edematous
effect of the drug. Carrageenan is a strong chemical used for the
release of inflammatory and proinflammatory mediators
(prostaglandins, leukotrienes, bradykinin, histamine, TNF-α, etc.)
[24].

Carrageenan is a complex polysaccharide. Below the surface
where carrageenan has been applied, inflammation thus causes
dilation of the capillaries underneath the skin surface. This
increases the blood flow to the area and causes swelling/
redness of the affected area [4]. In vivo model of inflammation,
compounds 3a and 3c showed potent anti-inflammatory activity
and thus showed a significant decrease in the paw thickness of
rat. The course of acute inflammation is biphasic. The first phase
starts with the release of histamine, kinins, and serotonin after
the injection of the phlogistic agent in the first few hours [25].
While during the second phase prostaglandins like substances
are released within 2-3 hours. The second phase is sensitive to
both the clinically useful steroidal and nonsteroidal anti-
inflammatory drugs [26]. Prostaglandins are the main mediators
responsible for acute inflammation. N-Substituted 5-{[2-(4-
chlorophenoxy)propan-2-yl]-1,3,4-oxadiazol-2ylthio}acetamides
(3a-3h) might be containing some anti-inflammatory agent
which is responsible for the blockage of prostaglandins and
inflammatory pathway.

Although the cyclooxygenase and lipoxygenase pathways play
a basic role in the inflammatory process, the inhibition of
cyclooxygenase is more effective in inhibiting carrageenan-
induced inflammation rather than lipoxygenase inhibitors [27].

N-substituted 5-{[2-(4-chlorophenoxy)propan-2-yl]-1,3,4-
oxadiazol-2ylthio}acetamides (3a-3h) might have inhibited the
cyclooxygenase that synthesizes prostaglandins. Prostaglandins
play a vital role in inflammation [28]. COX-2 is responsible for the
increased production of prostaglandins and hence, tested
compounds overcome the inflammation induced by carrageenan
by inhibiting the cyclooxygenase-2.

Conclusion
All the compounds exhibited variable anti-inflammatory

potential that was also supported by molecular docking study. In
vitro compounds, 3a and 3c showed excellent results even
superior to standard drug diclofenac sodium. In vivo 3a and 3c
also showed potent activity but less than standard. Remaining
compounds showed least to moderate activity both in vitro and
in vivo. In molecular docking study, all compounds except 1 and
3e showed higher docking score than standard. Among all the
tested compounds 3c showed highest docking score. Our
research findings suggest that these compounds may be useful
agents for the development of new anti-inflammatory agents.
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