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Objective: The study investigated the effect 5-[(naphthalen-2-yloxy) methyl]-1,3,4-oxadias-
zole2-thiol (B3) in animal model of acute epileptic shock.
Methods: The pharmacokinetics profile of B3 was checked through SwissADME software. 
The binding affinities of B3, diazepam, and flumazenil (FLZ) were obtained through Auto 
Dock and PyRx. Post docking analysis and interpretation of hydrogen bonds were performed 
through Discovery Studio Visualizer 2016. Molecular dynamics simulations of three com-
plexes were carried out through Desmond software package. B3 was then proceeded in PTZ- 
induced acute seizures models. Flumazenil was used in animal studies for elucidation of 
possible mechanism of B3. After behavioral studies, the animals were sacrificed, and the 
brain samples were isolated and stored in 4% formalin for molecular investigations including 
H and E staining, IHC staining and Elisa etc.
Results: The results demonstrate that B3 at 20 and 40 mg/kg prolonged the onset time of 
generalized seizures. B3 considerably increased the expression of protective glutathione 
S-transferase and glutathione reductase and reduced lipid peroxidation and inducible nitric 
oxide synthase (P < 0.001) in the cortex. B3 significantly suppressed (P < 0.01) the over 
expression of the inflammatory mediator tumor necrosis factor–α, whose up-regulation is 
reported in acute epileptic shocks.
Conclusion: Hence, it is concluded from the aforementioned results that B3 provides 
neuroprotective effects PTZ-induced acute epileptic model. FLZ pretreatment resulted in 
inhibition of the anticonvulsant effect of B3. B3 possesses anticonvulsant effect which may 
be mediated through GABAA mediated antiepileptic pathway.
Keywords: docking, molecular dynamic simulations, gamma amino butyric acid A

Introduction
Epilepsy is serious, heterogeneous neurological condition that negatively affects the 
quality of life and standard of living in human populations. Seizures are electrical 
discharges in the brain resulting from either too much excitation or too little 
inhibition specifically in cortical region of brain. The excitation and inhibition of 
neurons may be mediated by many distinctive neurotransmitters.1 Glutamate is 
implicated in the pathophysiology of epilepsy has already been identified.2 It 
directly affects over 4 lac people in the UK and up to 60 million people 
worldwide.3 Approximately 30% of the patients are inadequately medicated 
owing to tolerance and aggressive regimen. Most epileptic patient have behavioral 
comorbidities, including depression, anxiety, psychosis, and impaired cognitive 
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performance. The risk factors of epilepsy include intracra-
nial bleeding or stroke, tumors, central nervous system 
infections, prolonged febrile seizures, and other occur-
rences of status epilepticus.4

In addition to glutamate, which is excitatory in nature, 
an inhibitory neurotransmitter termed as gamma amino 
butyric acid A (GABAA) is available in the cortex to 
prevent or balance the over stimulation caused by excita-
tory neurotransmitter.5 Currently, benzodiazepines are con-
sidered for the management of seizures by increasing the 
chloride conductance and causing hyper polarization mean 
while reducing hyper excitability and minimizing seizures 
attacks.6

Since chronic use of benzodiazepines is associated with 
dependence and tolerance, it is decided to conduct a study 
based on the pharmacological investigation of the synthetic 
compound 1,3,4- oxadiazole derivative (B3) in phenyltetra-
zole (PTZ) induced acute and chronic seizures. PTZ, 
a benzodiazepine receptor antagonist, widely used animal 
model in drug discovery and development process. Its sin-
gle high dose intraperitoneal injection develops acute con-
vulsion while sequential medium doses produce kindling 
seizures.7 Another antidote of benzodiazepine (BDZ) recep-
tor is flumazenil that is also used for reversing the BDZ 
overdose.8,9 As PTZ in involved in causing neuroinflamma-
tion so the selected compound for the study must have 
a potential antiinflammatory nature in order to cope up 
with PTZ-induced acute epileptic shock. In this context 
the selected compound has been already reported for anti-
oxidant, analgesic, anti-inflammatory, toxicity assessment, 
tumor inhibition activities and also effective in relieving 
chronic constriction induced painful symptoms.10,11 The 
two-dimensional (2D) and three-dimensional (3D) struc-
tures of B3 are shown in Figures 1A and 2A, respectively. 
This study utilized the computational techniques, behavioral 
approach, and molecular investigation to elucidate the ame-
liorative effect of B3 in PTZ-induced seizures.

Materials and Methods
Materials
Proteinase K and PBS tablets were ordered from MP- 
Biomedicals, USA. N-(1-Naphthyl) ethylenediamine dihy-
drochloride, trichloroacetic acid (TCA), 5,5′-dithiobis- 
(2-nitro benzoic acid) (DTNB), 1-chlor-2,4-dinitrobenzene 
(CDNB) and reduced glutathione (GSH) were obtained from 
Sigma Aldrich, USA. Mouse monoclonal anti-TNF-α (SC- 
52B83722), The 3,3′-Diaminobenzidine (DAB, SC-216567) 

and Avidin-biotin complex (ABC kit, SC-516216) were 
acquired from Santa-Cruz Biotechnology, USA. Mounting 
media (ab-10431) and horseradish peroxidase-conjugated 
secondary antibodies (ab-6789, ab-6721) were acquired 
from Abcam, UK. Flumazenil (FLZ) and diazepam (DZM) 
was procured from Shifa International Hospital, Islamabad, 
Pakistan. Phenyltetrazole (PTZ) was obtained from Sigma 
Aldrich, USA. TNF-α enzyme linked immunosorbent assay 
(ELISA) kit (Cat # SU-B3098) was bought from Shanghai- 
Yuchun Biotechnology, China. The compound 1, 3, 4-oxa-
diazole derivative (B3) was obtained as gift from 
pharmaceutical chemistry post graduate lab, Riphah 
International University, Islamabad, Pakistan.

Animals
In this research, Swiss albino mice of weight 25–30 g were 
used. Mice were allowed to have free access to water and 
diet ad libitum with 12 hours supply of each light and dark 
and housed in standard environment of humidity and tem-
perature (25–30°C). The research study was conducted 
according to guidelines set by ethical committee of 
Riphah Institute of Pharmaceutical Sciences, Riphah 
International University, Islamabad (REC/RIPS/2021/01).

Animal Grouping and Dosing
Mice were distributed into following groups (each having 6 
rats).

Investigation of Anticonvulsant Effect of B3
PTZ + NS: Group I served as sham (saline 10 mL/Kg) + 
PTZ (90 mg/Kg)

PTZ + B3: Group II was administered withB3 (20 mg/ 
Kg) and PTZ

Figure 1 (A) represents structure of 5-[(naphthalen-2-yloxy)methyl]-1,3,4-oxadia-
zole-2thiol (B3) and (B) the target protein gamma amino butyric acid (GABA) with 
protein data band (PDB I.D = 6D6T).
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PTZ + B3: Group III was administered with B3 
(40 mg/Kg) and PTZ

PTZ + DZM: Group IV served standard group admi-
nistered with PTZ + DZM (1 mg/Kg)

Investigation of Flumazenil Inhibitory 
Effect on Anticonvulsant Effect of B3
PTZ + NS: Group I served as sham (saline 10 mL/Kg) + 
PTZ (90 mg/Kg)

PTZ + DZM: Group II was administered with DZM 
(1 mg/Kg) + PTZ.

PTZ + FLZ: Group III served inhibitor group adminis-
tered with FLZ (2mg/Kg) + PTZ

PTZ + B3: Group IV was administered with B3 
(40 mg/Kg) and PTZ

PTZ + B3+ FLZ: Group V was administered with B3 
(40 mg/Kg) + FLZ (2 mg/Kg) and DZM

PTZ+ DZM+ FLZ: Group VI was administered with 
B3 (30 mg/Kg) + FLZ (2 mg/Kg) and DZM

In-Silico Investigation
Preparation of Ligand
Ligand 1, 3, 4 oxadiazole as shown in Figure 1A was 
prepared through ChemSketch and then converted to 

3D structure through Discovery Studio Visualizer 
2016 (DSV 2016) and saved in PDB (protein data 
band) format12 as presented in Figure 2A. The struc-
ture of diazepam and flumazenil was retrieved 
from PubChem structure search in mol format, con-
verted to PDB format through Open Bebel and saved 
in PDB format through DSV 2016 as given in 
Figure 2B and C.

Preparation of Target
Target protein gamma amino butyric acid A (GABAA) 
with PDB ID: 6D6T was retrieved from protein data 
bank and purified through DSV 2016 for further proces-
sing as shown in Figure 1B.

Identification of Active Pockets
The active pockets of the target protein as shown in 
Figure 3 were identified through Dog site scorer, an online 
tool for active site retrieval.13 Dog site scorer is capable of 
giving volume, surface area, drug score, simple score of 
active pockets. The first pocket is considered the most 
important site for checking a ligand to whether drug able 
or not. Some important description of targets protein is 
shown in Table 1A–F.

Figure 2 (A–C) represent the three-dimensional structure of ligands 5-[(naphthalen-2-yloxy) methyl]-1,3,4-oxadiaszole2-thiol (B3), diazepam (DZM), and flumazenil (FLZ), 
respectively drawn using Discovery Studio Visualizer 2016.
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Grid Box Selection
After selecting the active site, the important step is selection 
of Grid box using PyRx software. The Grid centers of the 
Grid box were X = 133.02, Y = 147.50 and Z = 133.19, and 
X = 50, Y = 50, and Z = 50. The dimensions in Angstrom 
were X = 98.17, Y = 121.63 and Z = 100.16 and the spacing 
angstrom was 0.375. The Grid box was set in such a way 
that all the protein was covered inside the Grid box.

Swiss ADME
SwissADME is an online technique to check various para-
meters including pharmacokinetic properties, drug likeli-
ness, physicochemical properties, lipophilicity and 
medicinal chemistry ligand before processing the drug to 
animal model.

Docking
Auto dock vina and PyRx were used for docking of ligand 
against target. Both the ligand and target were first con-
verted to PDBQT through AutoDock and then loaded in 
PyRx. The docking was carried out by selecting the amino 
acid of the active site of the target protein. After running 

of ligand receptors complex through PyRx binding ener-
gies were obtained which are expressed in kcal/mol. The 
best pose obtained through PyRx was then Proceeded for 
post docking analysis was performed through DSV 2016 
for schematic representation of hydrogen bonds (classical 
and non-classical), hydrophobic interactions and amino 
acid residues involved in hydrogen bonding of best docked 
pose of ligand protein complex.14

Molecular Dynamics Simulation
After molecular docking studies molecular dynamics 
simulations study of three complexes B3-GABA, DZM- 
GABA and FLZ-GABA were carried out using Desmond 
software package to tracked molecular interaction.16 In 
MD simulation the complexes were immersed in an auto- 
calculated orthorhombic box which was added with 68444, 
68446 and 68441 for complexes B3-GABA, DZM-GABA 
and FLZ-GABA respectively using simple point charge 
water model. The optimization of the model is further 
done with optimized potential for liquid simulations 
(OPLS5). The complexes of the system were neutralized 
and the system was made isotonic with the addition NaCl 
(Na = 50.73 and Cl = 60.30 mM). In order to make the 

Figure 3 The active sites of gamma amino butyric acid (GABA) (P0, P1, P2, P11, P15 and p17) obtained through Dog site scorer.
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Table 1 The Dog Site Scorer Value of the Target Protein Gamma Amino Butyric Acid a (GABAa) with Protein Data Band (PDB) ID: 
6D6T. 1A Represents the First 3 Pockets P_0, P_1 and P_2 and Then Randomly Selected Three Pockets for Docking P_11, P_15 and 
P_17. 1B Represents the Size and Shape of Each Pocket (P_0, P_1 and P_2, P_11, P_15) with Respects to Its Volume, Surface Area, 
Depth, Ellipsoid Main Axis Ratio c/a, Ellipsoid Main Axis Ratio b/a, and Enclosure. 1C Represents the Elements of Each Pocket 
Including Pocket Atom, Carbon, Nitrogen, Oxygen, and Sulfur. 1D Represents the Functional Group of Each Pocket Involve in Bonding 
as Hydrogen Bond Donor, Acceptors, Metal, Hydrophobic Interactions, and Hydrophobicity Ratio. 1E Represents the Amino Acid 
Composition of Each Pocket Involved in Bonding as Apolar Amino Acid Ratio, Polar Amino Acid Ratio, Positive Amino Acid Ratio, and 
Negative Amino Acid Ratio. 1F Represents a Specific Amino Acid in a Given Pocket of the Target Involve in Bonding as Polar Amino 
Acid Ratio, Polar Amino Acid Ratio, Positive Amino Acid Ratio, and Negative Amino Acid Ratio

1A

Name Volume Surface area Drug score Simple score

P_0 1205.76 1551.71 0.82 0.68

P_1 944.67 1581.9 0.83 0.58
P_2 848.53 1212.42 0.81 0.5

P_11 430.09 646.67 0.7 0.19

P_15 402.26 510.69 0.8 0.32
P_17 396.19 428.64 0.84 0.17

1B

Volume [Å3] 1205.76 944.67 848.53 430.09 402.26 396.19

Surface [Å2] 1551.71 1581.90 1212.42 646.67 510.69 428.64
Depth [Å] 26.89 33.71 18.22 16.31 20.06 23.18

Ellipsoid main axis ratio c/a 0.08 0.06 0.20 0.11 0.13 0.06

Ellipsoid main axis ratio b/a 0.35 0.19 0.62 0.15 0.48 0.19
Enclosure 0.03 0.14 0.07 0.25 0.00 0.00

1C

Pocket atom 249 198 177 76 143 124

Carbons 286 138 121 49 109 98
Nitrogen 24 26 24 10 13 13

Oxygen 36 31 29 17 21 12

Sulfurs 3 3 3 0 0 1

1D

Hydrogen bonds donors 19 30 21 14 4 12

Hydrogen bonds acceptors 57 61 63 36 24 25

Metals 0 0 0 0 0 0
Hydrophobic interactions 69 42 27 14 16 11

Hydrophobicity ratio 0.48 0.32 0.24 0.22 0.36 0.23

1E

Apolar amino acid ratio 0.59 0.40 0.46 0.24 0.65 0.69

Polar amino acid ratio 0.33 0.36 0.35 0.35 0.29 0.15

Positive amino acid ratio 0.07 0.20 0.14 0.24 0.03 0.12
Negative amino acid ratio 0.02 0.04 0.05 0.18 0.03 0.04

1F

Alanine ALA 0 3 1 1 3 0

Arginine ARG 1 4 1 1 1 3
Asparagine ASN 1 3 2 0 0 1

Aspartate ASP 1 1 1 2 0 1

Cysteine CYS 0 1 0 0 1 0

(Continued)
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system electrically stable, counter ions were added. Nose- 
hoover thermostat was used to provide 300 k temperature. 
Martyna-Tobias-Klienbarostate was used to maintained 
pressure of 1.01325 bars. The total time of MD simulation 
was 50 ns. The electrostatic interactions were calculated 
by mesh Ewald method.17 Ligand and protein interactive 
behavior was analyzed through simulation interaction dia-
gram tool in Desmond package. The density functional 
theory method was applied for the optimization of struc-
tures of all the three ligands. The Desmond software 
package results in RMSD of protein and RMSF of the 
residue which was further used for analysis.17

Target Information
The targets information in the form of total residues, 
protein chain, atoms, heavy atoms and charged atoms are 
shown in Figure 4A. The root mean square fluctuation 
(RMSF) in angstrom of target protein with a mean 
RMSF of protein needs not more than 2.5 angstrom as 
shown in Figure 4B. Protein secondary structure elements 
(SSE), alpha helices shown in red and beta strands shown 
in blue monitored through simulation are shown in 
Figure 4C.

Ligand Information
Ligands (B3, DZM and FLZ) information in the form of 
RMSD values, radius of gyrus (RG) value, intra molecular 
hydrogen bonds, molecular surface area (MSA), solvent 
accessible surface area (SASA) and polar surface area 
(PSA) are shown in Figure 5. Torsion region of each ligand 

B3, DZM and FLZ throughout the simulation in different 
colors are given in Figure 6A–C. The color marked rotatable 
bonds of the ligands are also given in Figure 6A–C. Each 
rotatable bond torsion is complemented by a dial plot 
Figure 6A1–C1 and bar plots of the same color. In addition, 
the ligand in format ion-like number of atoms, atomic mass, 
charge, molecular formula, number of fragments and number 
of rotatable bonds are shown in Figure 7A–C.

Evaluation of B3 Against PTZ-Induced 
Seizures
The mice were randomly allocated in four groups (each 
having 6 animals). After 30 minutes of treatment with 
NS, B3, DZM and FLZ, all the groups received 
a chemo-convulsant PTZ and the animal were observed 
for the onset of seizures, duration of seizures and per-
centage protection for 30 minutes. The percentage mor-
tality was also noticed after 24 hours of PTZ 
administration.18,19

Evaluation of FLZ Effect on 
Anticonvulsant Effect of B3
In order to explore the possible mechanism of B3 for its 
anticonvulsant effect, FLZ a BDZ receptor antagonist was 
injected 5 minutes before the administration of B3 and 
DZM. Following induction of convulsion in mice with i.p 
injection of PTZ after 35 minutes, the animals were observed 
for the onset of seizures, duration of seizures and percentage 
protection for 30 minutes. The percentage mortality was also 
noticed after 24 hours of PTZ.20

Table 1 (Continued). 

Glutamine GLN 1 2 1 0 0 0

Glutamate GLU 0 1 1 1 1 0
Glycine GLY 1 1 0 0 1 1

Histadine HIS 0 2 1 0 0 0

Isoleucine ILE 5 3 5 0 3 2
Leucine LEU 10 3 4 0 3 5

Lysine LYS 2 3 3 3 0 0

Methionine MET 4 4 4 0 1 1
Phenylalanine PHE 3 2 1 0 5 3

Proline PRO 3 2 2 1 0 3

Serine SER 0 3 3 1 2 0
Threonine THR 10 4 6 4 4 1

Tryptophan TRP 0 0 0 1 1 1

Tyrosine TYR 2 2 1 1 1 1
Valine VAL 2 1 0 1 4 3
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Biochemical Investigation
LPO Assay
Lipid hydroperoxide assay was carried out by colori-
metric method for the determination of thiobarbituric 
acid reactive substances (TBARS).21 According to this 
assay 200 uL supernatant of the homogenized samples 
was mixed with 200 uL ascorbic acid, 20 uL ferric 
chloride and 580 mL phosphate buffer. The mixture 
was incubated at 37 °Cfor 1 hour. After this step, 
1000 uL of each 0.66% thiobarbituric acid and 10% 
trichloroacetic acid was added to halt reaction. The 
samples tubes were then passed through water at 25°C, 
then cold water and centrifuged at 3000× g for 10 
minutes. The concentration of TBARS – Nm/min/mg 
protein was calculated by collecting and measuring the 
supernatant at 535 nm.

Nitric Oxide Assay
NO assay was carried out according to the already estab-
lished methodology.22 According to this protocols, super-
natant (50uL) and Griess reagent (50uL) were mixed 
together. This reagent consists of 5% phosphoric acid, 
0.1% naphthyleethylenedaiamine dihydrochloride and 1% 
sulfanilamide in distilled water. Incubated the mixture at 
37°C for 30 minutes and then processed for the reading on 
micro plate reader (Bio-ELx 808). The absorbance coeffi-
cient was calibrated by using sodium nitrate solution.

Estimation of Oxidative Stress
The damaged caused by PTZ is find out by the determi-
nation of oxidative stress markers. The sample (cortex) 
after homogenization in phosphate buffer containing 
phenylmethylsulfonyl fluoride (PMSF) as protease 

Figure 4 Part (A) represents the total residues, protein chain, atoms, heavy atoms, and charged atoms. Part (B) shows the mean root square fluctuation (RMSF) in 
angstrom (Å) of the target protein. Part (C) represents the protein secondary structure elements (SSE), alpha-helices shown in red, and beta-strands shown in blue 
monitored through simulation. The plot summarizes the SSE composition for each trajectory frame over the course of simulation.
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blocker, was centrifuged at 4000× g for 10 min at 4°C 
and collected the supernatant.23 For determination of 
GST level, the supernatant (0.2mL) was mixed with 
a 2mL solution of sodium phosphate (0.2M) and 
DTNB (0.6Mm). About 3 mL phosphate buffer was 
added to mark up the volume and then incubated for 
10 min at room temperature. Spectrophotometer was 
used for the absorbance measurement at 412nm. 
Solution of phosphate buffer and DTNB was used as 
control. The value obtained from the subtraction of 
control absorbance from that of sample containing tissue 
was considered as real absorbance which denotes GSH 
level showed in umol/mg of proteins. The GST level 
was find out according to protocol as used earlier.24 The 
supernatant (60uL) was poured into 1.2 mL of freshly 
formulated solution (5mM GSH, 1mM CDNB in 

phosphate buffer of 0.1M) in triplets via glass vials. 
From mixture a 210uL was putted into micro plate and 
rate of reaction was found with the help of ELIZA 
microplate reader (Bio-Tek ELx-808, Winooski, VT, 
USA) at 340nm. Instead of tissue, 60uL of water was 
added which acted as control. The GST was expressed 
as umol of CDNB conjugate/min/mg of proteins.

Histopathological Examination
Hematoxylin and Eosin (H and E) Staining
H and E staining was performed according to the estab-
lished and well explained protocol.25

Immuno Histopathological Evaluation
Immunohistochemical study was carried out according to 
the already enlightened protocol explained.26

Figure 5 Parts (1), (2), and (3) represent ligands (5-[(naphthalen-2-yloxy) methyl]-1,3,4-oxadiaszole2-thiol [B3], diazepam [DZM], and flumazenil [FLZ]) root mean square 
deviation (RMSD) values, radius of gyrus (RG) value, intra molecular hydrogen bonds, molecular surface area (MSA), solvent accessible surface area (SASA), and polar surface 
area (PSA), respectively. Parts (A–C) represent the torsion region of each ligand B3, DZM and FLZ throughout the simulation shown in different colors. (A1-AC) represent 
rotatable bonds. Each rotatable bond torsion is complemented by a dial plot (A1–C1) and bar plots of the same color.
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ELISA
ELISA kit was used for finding out the expression of inflam-
matory marker TNF-α in the cortex of brain. In 96 well-plates, 
the brain cortex supernatant was treated with the designated 
antibodies and then ELISA micro-plate reader was used to find 
the expression degree of inflammatory markers ie, TNF-α. The 
values were denoted as pictograms/milliliter (pg/mL). The 
procedure was repeated in triplicate.27

Statistical Analysis
Data are showed as mean ± SEM. H and E staining, IHC 
staining, behavioral data, oxidative stress data and ELISA 
were analyzed using One Way ANOVA, followed by the 
post-hoc Tukey’s test in Graph Pad Prism. The morpholo-
gical data was analyzed by using Image J-software. 
P value was calculated through Graph Prad prism Sign 
*** and ***Represents significant difference values P < 
0.05, 0.01 and 0.001 respectively.

Results
Pharmacokinetic Profile of B3
The pharmacokinetic profile of B3 is shown in Table 2.

Docking Analysis
The best pose of the ligand molecules B3, DZM, and 
FLZ against target proteins GABA are shown in 
Figures 5A, 8A and 9A. The interaction of the ligands 
is shown in Figure 5B, 8B and 9B, and the hydrogen 
bonds are shown in Figure 5C, 8C and 9C. B3 with the 
highest binding affinity (6.3 kcal/mol) formed four 
hydrogen bonds. DZM and FLZ formed one and two 
hydrogen bonds with binding affinity of 5.7kcal/mol and 
5.3 kcal/mol respectively. The hydrogen bonds number, 
binding energies (kcal/mol), and residues of amino acid 
involved in the interactions of B3, DZM, and FLZ are 
summarized in Table 3.

Molecular Dynamic (MD) Simulation 
Analysis
MD simulation was performed using the Desmond soft-
ware package. All the complexes were run for 50ns to 
obtain the results after providing physiological environ-
ment to the complexes. The root mean square fluctuations 
(RMSF) of B3, DZM, and FLZ are shown in Figure 10A– 
C. The stability of the ligand receptor complex can be 

Figure 6 (A–C) represent ligands (5-[(naphthalen-2-yloxy) methyl]-1,3,4-oxadiaszole2-thiol [B3], diazepam [DZM], and flumazenil [FLZ]) information in the form of number 
of atoms, atomic mass, charge, molecular formula, number of fragments and number of rotatable bonds.
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predicted by the RMSD values as shown in Figure 11. 
Little variation in the RMSD shows more stable binding. 
The RMSD of the B3, DZM, and FLZ, and targets are 
shown in 11 (a, b and c). The representation of the inter-
actions in the form of H-bonds, hydrophobic, ionic, and 
water bridges are shown in Figure 12A1–A3. The top 
panel shows the total number of specific contacts of the 
ligand and protein shown in blue color. The bottom panel 
(orange color) represents the interaction of the ligand 
with the exact residue of the target. Protein interactions 
with the ligand were monitored throughout the simula-
tion. These interactions are shown in Figure 12B1–B3. 
The schematic detail of the ligand–atom interactions with 
protein-residues are shown in Figure 12C1–C3. The 
quantitative analysis of the MD simulation specifically 
for the ligand B3 and DZM an agonist of GABA receptor 
showed that B3 forms hydrogen bond with aspartate 
(ASP) 56 (95%), threonine (THR) 133 (70%). DZM 
was found interacting at similar points and makes 

hydrogen bonds at ASN, THR, SER and ILE. The data 
presented as is complying with the previously published 
data.16,17

Effect of B3 on PTZ-Induced Seizures
Administration of intraperitoneal (i.p) injection of B3 at 20 
and 40 mg/kg resulted in the protection of 50.0% and 
83.33% of animal respectively in PTZ-induced mortality. 
In addition, B3 also significantly increased the onset time 
of seizures with P < 0.01 and decreased the duration of 
seizures with P < 0.01 in PTZ-induced seizures. B3 also 
reduced the mortality to 16.66% and increased the protec-
tion (83.33%) as compared to 100% mortality and 0% 
protection in the PTZ group as shown in Table 4. The 
result obtained from anticonvulsant studies of B3 is com-
plying with the recently published data by Van and their 
colleague who explained the PTZ-induced epilepsy in 
mice as animal model.28

Figure 7 Best pose of B3 (A), interactions of B3 (B) and two-dimensional representation of hydrogen bonds of B3 (C) drawn using Discovery Studio Visualizer 2016.
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Table 2 Represent the Pharmacokinetics Profile of Ligand 5-[(naphthalen-2-yloxy) methyl]-1,3,4-oxadiaszole2-thiol (B3

Medicinal Chemistry Water Solubility Drug Likeness

Formula C13H10N2O2S Class Soluble Lipinski Yes

Lead likeliness Yes Solubility 4.66e - 02mg/mL 

1.8e – 04 mol/L

Ghose Yes

Synthetic Accessibility 2.37 Log S (ESOL) 3.74 Veber Yes

Pain Assay Interface Structures 0 alert Pharmacokinetic Properties Egan Yes

Molecular weight 258.30 g/mol GI absorption High Muegge Yes

No of heavy atoms 15 Pg substrate No Bioavailability score 0.55

No of H bonds acceptor 4 CYP 1A2, CYP 2C9, CYP 2C19, CYP3A4 Yes Log kp Skin permeation −5.75sm/ 

s

Molecular refractivity 70.04 CYP 2D6 No Topological Polar Surface 

Area

86.95

Figure 8 Best pose of diazepam (DZM) (A), interactions of DZM (B) and two-dimensional representation of hydrogen bonds of DZM (C) drawn using Discovery Studio 
Visualizer 2016.
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Effect of Flumazenil on Anticonvulsant 
Effect of B3
Administration of i.p injection of FLZ at 2 mg/kg 5 minutes 
before B3 and 35 minutes before PTZ resulted in inhibition 
of the percentage protection to 66.6% from 83.33% in PTZ- 
induced mortality. FLZ also significantly decreased (P < 
0.01) the onset time of seizures and increased the duration 
of seizures (P < 0.01). Administration of flumazenil also 
increased the mortality to 33.3% as compared to saline 
(100%) as shown in Table 5.

Effect on LPO and Nitric Oxide
The B3 was evaluated for its effect against lipid perox-
idation (LPO) and inducible nitric oxide synthase 
(iNOS) in brain cortex. The oxidative stress markers 
are the prominent molecules responsible for promoting 
inflammation and neurodegeneration.29 Several studies 
explain the up regulation of such damaging factors 
which are involved in increasing the potential of 

harmful consequences. B3 significantly decreased the 
level of both iNOS (46.41 ± 2.6) and LPO (187.16 ± 
3.1) with P < 0.01 and P < 0.001 compared to the saline 
group, iNOS (70.22 ± 1.2) and LPO (253.13 ± 3.1) as 
shown below in Table 6.

Effect on the Oxidative Stress Enzyme
B3 was investigated for its effect against certain oxida-
tive stress-related enzymes like GSH and GST in brain 
cortex as shown in Table 6. The level of GSH and GSH 
in PTZ-induced convulsion group was 7.22 ± 4.2 and 
5.88 ± 2.3 respectively. Treatment of B3 significantly 
increased (P < 0.01) the level of both the GSH and GST 
to 47.26 ± 1.2 and 69.78 ± 2.6, respectively. The results 
of B3 showing the effect on modulation of protective 
biomarkers and reversing the signs of epileptic shock 
are well studied markers for their role in neurodegen-
erative ailments.29

Figure 9 Best pose of flumazenil (FLZ) (A), interactions of FLZ (B) and two-dimensional representation of hydrogen bonds of FLZ (C) drawn using Discovery Studio 
Visualizer 2016.
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Effect of Histo-Pathological Changes 
(Hematoxylin and Eosin Staining)
Morphological alteration in brain tissue after administered of 
PTZ is a well-known reported parameter explaining the 
damage to the affected area. Administration of PTZ results 
in increased infiltration, disturbance in cellular structure, 
edema formation, increased intracellular spaces, and disor-
ganized pattern as shown in Figure 13. Treatment with B3 
(40mg/kg) reverses the PTZ induced pathological changes 
and results in a well-organized cellular structure, without 
infiltration, and intact intracellular spaces free from edema. 
The results of the current study are in compliance with the 
results of the already published literature.30

Effect on Immunohistochemistry Changes 
(IHC Staining)
The results of immunohistochemistry are shown in 
Figure 14A and B. Results demonstrated marked eleva-
tion/expression of the TNF-α in case of the PTZ- 
induced group. B3 administration attenuated the over 
expressed level of TNF-α, significantly (P < 0.001) in 
the cortex. The results are in accordance the previous 
literature.30

Effects on the Inflammatory Marker 
(ELISA)
We investigated the B3 effects on expression of TNF-α in 
the cortex as shown in Figure 15. Over expressed level of 
TNF-α in the PTZ group was seen in cortex. B3 adminis-
tration significantly (P < 0.001) down regulated TNF-α 
and reduced the sign of convulsion suppressing PTZ- 

induced inflammation. The results obtained can be corre-
lated with the already published data.30

Discussion
In order to improve the patient quality of life (QOL) and 
reduce the burden of disease some commonly used drugs 
are available in the market comprising carbamazepine, 
phenobarbital, phenytoin, diazepam, etc. for managing 
the seizures attacks, however, utilization of these agents 
is also linked with gastrointestinal problems, dizziness, 
somnolence, and addictive potential. Moreover, it has 
also been found that these agents are ineffective in 30% 
of the population. Hence, the health system needs to 
develop safe and effective agents for epilepsy to improve 
patient QOL.31 Epilepsy is neurological disease described 
by frequent and unpredictable disturb electrical discharges 
that affected 50 million people, irrespective of age, across 
the globe. The mechanism of epilepsy is not yet clear but it 
is postulated that infections, neuroinflammation, and 
stroke or disturbance in GABA and glutamate pathways 
may cause epileptic shock. GABA has been a well-known 
target of epilepsy and is the point of focus and discussion 
of many researchers from decades. Pyrimidine-trizine 
newly synthesized compounds were recently researched 
for their potential in attenuating the seizures attacks by 
their GABA mimetic action.32 This study was also 
designed in order to develop and add a new moiety having 
anti-epileptic activity mediated through GABA receptors. 
GABA with PDB-ID: 6D6T is also used in previous 
research in computational studies by many researchers.33 

Based on literature study and evidences about GABA for 
its involvement in seizures we also select it in our study. In 

Table 3 Binding Affinity (Kcal/mol) of Hydrogen Bonds, Amino Acid Residues Pi Alkyl Bonds, Van der Waals forces After Docking of 
5-[(naphthalen-2-yloxy) methyl]-1,3,4-oxadiaszole2-thiol (B3), Diazepam (DZM), and Flumazenil (FLZ) Against Gamma Amino Butyric Acid 
(GABA)

Name GABA (6D6T)

Binding 
Affinity

Hydrogen 
Bonds

Amino Acid 
Residues

Pi Alkyl 
Bonds

Amino 
Acid 

Residues

Van der 
Waals 
forces

Amino Acid Residues

B3 6.3 2 ASN 303 
TRP 246

2 TRP 304 6 ASN 248, ARG 249, LEU 247, PHE 245, PHE 
306, PHE 307

DZM 5.7 1 THR 61 – – 8 ASN 54, ARG 136, ARG 187, GLU 59, GLY 
51, PRO 52, SER 54, THR 134

FLM 5.3 2 ASN 111 
VAL 106

1 PHE 105 7 HIS 110, LYS 102, LYS 103, LYS 106, LYS 112, 
VAL 108, SER 104
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order to evaluate the effect of B3 in epileptic shock pri-
marily the ligand B3 and GABA were screened through 
molecular docking studies. Molecular docking was con-
ducted to check out the binding affinity of the ligand with 
GABA. Nowadays docking is a preliminary step to first 
confirm the interaction of ligand with its respective 
target.10,11 The favorable results of docking in the form 
of binding affinities and hydrogen bonds was the reason to 
perform molecular dynamics (MD) simulation for further 
validation interaction of B3 against GABA. MD simula-
tion is gaining attention of researcher involved in drug 
discovery and development.34 This tool can be utilized in 
checking conformational changes, positioning of various 
atomic structure, detect mutation and protonation and 
phosphorylation and more interestingly the interactions 
of any atom, target or ligand with its surroundings.35 The 
MD simulation was first used in 1970 and later on attract 

many biologists to screen their newly developed/discov-
ered compound through MD simulation. It was used by 
many researchers in order to brought comparison and 
correlation of results obtained from animal studies.36,37 It 
is also utilized in neurosciences to detect the neuronal 
signaling pathways, their working and how these pathways 
are altered to develop a disease condition and how to 
target it to reverse the pathological process.38–40 We also 
perform MD simulation of three complexes for 50ns. 
Complexes were validated for the stability, implementing 
a MD simulation using Desmond software package for 50 
ns. The complexes were found stable and presenting in 
range RMSF and RMSD value with favorable interaction 
determining the affinity of the ligands to its targets. The 
obtained results of docking and MD simulation were in 
line with the already published data and hence we perform 
animal studies.15–17 In animal studies various types of 

Figure 10 (A–C) represents the root mean square fluctuation (RMSF) of the atomic positions for the ligand 5-[(naphthalen-2-yloxy) methyl]-1,3,4-oxadiaszole2-thiol (B3), 
diazepam (DZM), and flumazenil (FLZ) using the Desmond package.
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chemo convulsant agent are used in animal’s model to 
explore the effect of synthetic or agents obtained from 
natural sources.18,41 We select PTZ-induced acute epileptic 
model to investigate the effect of B3 in acute epileptic 
shock. PTZ is a BDZ receptor antagonist and is a chemo- 
convulsant agent that is associated with the up regulation 
of various types of inflammatory mediators IFMs like 
interleukin-6 (IL-6), TNF-α, interleukin-1β (IL-1β), inter-
leukin-10 (IL-10), and interferon gamma (INF-γ) in the 
hippocampus and cerebral cortex.42,43 The involvement of 
pro-inflammatory cytokines including IL-6, interleukin-17 
(IL-17) and IL-17 receptors (IL-17R), and TNF-α has also 
demonstrated their role in disruption of BBB and induction 
of seizures. The primary cells for the production of these 
IFMs are called glial cells of the brain, and are involved in 
the pathogenesis of many neurological disorders.44–46 

TNF-α activates TNF receptors-1 and 2 (TNFR1 and 
TNFR2). TNFR1 and TNFR2 are the receptors with 
hyper excitation/ictogenic and antiictogenic properties. 

PTZ injection, bacterial or viral infection results in activa-
tion of the TNFR1, and hence, results in the excitation of 
neuronal cells and epilepsy.47 The involvement of IFMs in 
neuro-inflammatory and neurodegenerative diseases has 
been extensively studied in the past.48 These IFMs play 
a crucial role in disease development and pathogenicity of 
two important regions of the brain such as the cortex and 
the hippocampus that are readily affected under such neu-
ronal crises.49,50 In order to cope up with worse circum-
stances, anti-inflammatory agents are the most commonly 
used agents to reverse the pathogenic state, and to limit the 
release of IFMs consequently correcting the behavioral 
deficits.51 Among the various classes effective in the neu-
rodegeneration and neuroinflammation, oxadiazoles play 
an important and promising class of synthetic origin 
attenuating various kind neuroinflammation in neurode-
generative diseases. Oxadiazole is a biologically active 
moiety possessing five membered heterocyclic ring struc-
tures. The agents of this class have promising anti- 

Figure 11 (A–C) represents root mean square deviation (RMSD) for protein GABA (6D6T) shown in blue and RMSD of ligands including 5-[(naphthalen-2-yloxy) methyl]- 
1,3,4-oxadiaszole2-thiol (B3), diazepam (DZM) and flumazenil (FLZ) as shown in red using the Desmond software package.
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inflammatory, analgesic, and anti-oxidant potential.10,11 

Recently this class of active agents has been also 
researched for its attenuating potential of middle cerebral 
artery occlusion-induced stroke.52 The agents belonging to 
oxadiazoles are also researched for anti-Alzheimer poten-
tial, anticancer, antimicrobial, anti-inflammatory, anti-allo-
dynic properties, and anti-insomnia.53–55 In animal studies 

it has been found that B3 administration results in correc-
tion of behavioral deficit by increasing onset time of 
seizures and reducing the seizures duration as shown in 
result section. In molecular studies as confirmed from the 
literature study that PTZ is involved in increasing expres-
sion of nitric oxide, lipid peroxidase and TNF-α, which are 
the reason of mediating epileptic shock. B3 down 

Figure 12 A timeline representation of the interactions and contacts (hydrogen bonds, hydrophobic, ionic, and water bridges) are displayed in (A1–A3). The top-panel 
displays the total count of the specific contacts of the protein with the ligand. The bottom-panel shows the interacting residues with the ligand. Some residues form more 
than one specific contact with the ligand, denoted by a darker-shade of Orange, according to the scale to the right of the plot. Protein interactions with the ligand are shown 
in (B1–B3). These interactions are categorized as hydrogen bonds, hydrophobic, ionic, and water bridges. Schematic detail of the ligand–atom interactions with the protein 
residues. Interactions that occurred more than 30% of the simulation time are shown in (C1–C3).

Table 4 Effect of 1,3,4 Oxadiazole Derivative (B3) on Phenyltetrazole (PTZ)-Induced Seizure in Mice. Data are Showed as Mean ± 
Standard Error of Mean (SEM) (n = 6). **P < 0.01 vs PTZ Group, One-Way Analysis of Variance (ANOVA) and Post Hoc Tukey’s Test

Groups %Protection (30 min) Seizure Onset (s) Seizure Duration (s) Mortality (24 h)

PTZ + NS 0.0 76.58 ± 4.67 35.78 ± 4.12 100

PTZ + DZM 100 1534.54 ± 5.80 2.45 ± 2.10 0.0

PTZ + B3 (20mg/Kg) 50.0 645.32 ± 6.62** 17.91 ± 4.60** 50.0
PTZ + B3 (40mg/Kg) 83.33 1135.41 ± 4.24** 12.66 ± 5.10** 16.66

Abbreviations: NS, normal saline; FLZ, flumazenil; DZM, diazepam; B3, 5-[(naphthalen-2-yloxy) methyl]-1,3,4-oxadiaszole2-thiol.
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Table 5 Effect of Flumazenil on Anticonvulsant Effect of 1,3,4 Oxadiazole Derivative (B3) in Phenyltetrazole (PTZ)-Induced Seizure in 
the Presence of Flumazenil in Mice. Data are Showed as Mean ± Standard Error of Mean (SEM) (N = 6). **P < 0.01 and***P < 0.001 vs 
PTZ Group, One-Way Analysis of Variance (ANOVA) and Post Hoc Tukey’s Test

Groups %Protection (30 min) Seizure Onset (s) Seizure Duration (s) Mortality (24 hr)

PTZ + NS 0.0 76.58 ± 4.67 35.78 ± 4.12 100.0

PTZ + FLZ 0.0 95.50 ± 6.72 25.83 ± 2.12 100.0
PTZ + DZM 100.0 1534.54±5.80*** 2.45 ± 2.10*** 0.0

PTZ + FLZ + DZM 33.33 228.62 ± 6.33 42.54 ± 2.28 66.66

PTZ + B3 (40mg/Kg) 83.60 1135.41 ± 4.24** 12.66 ± 5.10 ** 16.6
PTZ + FLZ + B3 66.6 194.93 ± 5.28** 28.86 ± 3.06 33.3

Abbreviations: NS, normal saline; FLZ, flumazenil; DZM, diazepam; B3, 5-[(naphthalen-2-yloxy) methyl]-1,3,4-oxadiaszole2-thiol.

Table 6 Express Effects of 5-[(naphthalen-2-yloxy) methyl]-1,3,4-oxadiaszole2-thiol (B3) on Oxidative Enzymes of the Brain Cortex in 
Acute Epileptic Model. Data are Showed as Mean± Standard Error of Mean (SEM) (n = 6).).*P < 0.05,**P < 0.01 and***P < 0.001 vs 
PTZ Group, One-Way Analysis of Variance (ANOVA) and Post Hoc Tukey’s Test

Groups GSH GST iNOS LPO

PTZ + NS 7.22 ±4.2 5.88 ±2.3 70.22 ±1.2 253.13 ±3.1
PTZ + B3 47.26 ±1.2** 69.78 ±2.6** 46.41 ±2.6* 187.16 ±3.1*

PTZ + DZM 69.42 ±2.2** 77.33 ±1.4** 26.12 ±1.7** 82.26 ±1.8***

PTZ + FLZ 5.23 ±2.8 6.33± 2.5 76.20± 1.8 263.76 ±2.3
B3 + FLZ 9.12 ± 2.0 12.88 ± 4.3 55.32 ± 5.2 233.13 ± 3.1

PTZ + FLZ + B3 4.33 ± 1.8 7.33 ± 1.5 85.20 ± 1.3 290.76 ± 2.3

PTZ + FLZ + DZM 10.33 ± 3.8 13.18 ± 2.2 65.05 ± 4.4 196.43 ± 1.6**

Abbreviations: NS, normal saline; FLZ, flumazenil; DZM, diazepam; B3, 5-[(naphthalen-2-yloxy) methyl]-1,3,4-oxadiaszole2-thiol.

Figure 13 Representative Immuno-histochemical images of hematoxylin, eosin (H and E) and quantified histogram of survival neuron reactivity and integrated density in 
cortex.
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regulated the over expressed level of nitric oxide, lipid 
peroxidase and TNF-α which indicates the anti-neuro 
inflammatory potential.

Conclusion
The results revealed that B3 is a promising candidate 
possesses good binding affinity with GABA and form 
stable complex as confirmed by both molecular dock-
ing and molecular dynamic simulation studies. In addi-
tion to its role in correction of the behavioral deficits 
induced by PTZ, It increased the latency of seizures, 
elevated the level of GSH and GST, and meanwhile 
decreased the level of LPO and iNOS. It can reverse 
the PTZ induced pathological changes as established 
by H & E and IHC staining of brain. Therefore, the 
neuroprotective property of B3 may be arbitrated to the 
down regulation of TNF-α, which is found to be up 
regulated in PTZ-induced seizures. Hence, the avail-
able results explain the potential of B3 for attenuating 

Figure 14 Immunohistochemical results of tumor necrosis factor (TNF)-α in the cortex of mice. Bar 20µm, magnification 40 ×. Histograms present a comparatively higher 
expression of TNF-α in the PTZ-induced seizure group ***P < 0.001 present significant difference compared to the phenyltetrazole (PTZ)-group. Data are expressed as 
mean ± standard error of mean (SEM) and analyzed by one-way analysis of variance (ANOVA), followed by post-hoc Tukey’s test in Graph Pad Prism. The p value was 
calculated using Graph Pad Instate.

Figure 15 Protein expression of TNF-α, quantified by using enzyme linked immu-
nosorbent assay. (ELISA). The data are shown as mean ± standard error of mean 
(SEM). ***P<0.001 indicates significant difference vs treatment group and ###P 
<0.001 shows significant difference vs PTZ. Data were analyzed by using one way 
analysis of variance (ANOVA), followed by post-hoc Tukey’s test in Graph Pad 
Prism. The P value was calculated using Graph Pad Instate.
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neurodegeneration and neuroinflammation caused 
by PTZ.
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