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ABSTRACT 

Objective: In this study, we reported the synthesis of a novel series of 5-aryl-4(chloroacetylamino)-3-mercapto-1, 2,4-triazoles.  

Methods: These compounds were synthesized to screen for anticonvulsant effects in a Maximal Electroshock Seizure (MES) model and a 
Subcutaneous Pentylenetetrazole (sc‐PTZ) seizure model in rats. Furthermore, molecular docking studies with gamma-aminobutyric acid and in 
silico ADME prediction were carried out to determine interactions of these compounds with Benzodiazepine (BZD) receptors and their similarity 
with standard drugs. The rotarod test was used to evaluate neurotoxicity. 

Results: 08 out of 40 compounds exhibited neurotoxicity at the maximum tested dose. Most of the compounds showed anti‐MES effects without any 
signs of neurological deficit. All the tested compounds significantly reduced seizures induced by PTZ compared to the control group. Carbamazepine 
and phenytoin were used as positive controls for anticonvulsant effects. Compounds 3d, 3h (a diphenylamine derivative of 5-aryl-
4(chloroacetylamino)-3-mercapto-1,2,4-triazole), and 4a (a piperidinyl derivative of 5-aryl-4(chloroacetylamino)-3-mercapto-1,2,4-triazole) 
exhibited greater safety than phenytoin and carbamazepine in terms of neurotoxicity. The docking scores for the identified compounds 3d, 3h and 
4a was 6.5133; 6.6558 and 5.6524, respectively. Nearly all the compounds (90%) demonstrated decreased locomotor activity. 

Conclusion: It is gratifying that the compounds with higher hydrophobicity showed better performance in the seizure models. Many triazole 
derivatives holding a suitable aryl or alkyl group gave a better anticonvulsant activity in their analogs. 
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INTRODUCTION 

Epilepsy is a chronic neurological disorder characterized by 
excessive temporary neuronal discharge resulting in a sudden 
change in behavior due to a transitory change in the electrical 
functioning of the brain [1, 2]. Over the last few decades, more than 
20 novel antiepileptic medications, including eslicarbazepine acetate 
[3], perampanel [4], and ezogabine [5], have been approved. 
However, a considerable proportion of the population is unable to 
achieve a durable anticonvulsant response with monotherapy [6], 
and approximately 30% of patients have refractory epilepsy and 
require a combination of therapy [7, 8]. In addition, there are serious 
side effects of many AEDs [9, 10], and lifelong treatment is needed. 
Therefore, the search for more selective and safer anticonvulsant 
agents is of special interest. In this context, various approaches been 
explored for development of multiple anti-epileptic drugs [11-13]. 

The development of γ‐Amino Butyric Acid (GABA), a major 
inhibitory neurotransmitter, is an active area of research in the field 
of neurodegenerative disorders. GABA-A receptors are valuable 
targets for a range of therapeutically important drugs, such as 
barbiturates, steroids, anesthetics, and Benzodiazepines (BZDs) [14, 
15] (fig. 1A-D). Numerous biological activities are associated with 
1,2,4-triazoles and their derivatives, such as anticonvulsant [16, 17], 
antifungal [18-20], anticancer [21-24], anti-inflammatory [25-27] 
and antibacterial properties [28-31]. The molecular structure and 
bioactivity of commercially available antiepileptic drugs have 
revealed that (i) spatially distant hydrophobic domains (usually 
phenyl rings), (ii) hydrogen bonding domains, and (iii) electron-
donating fragments, which are the elements required for good 
anticonvulsant activity (fig. 1). Wingrove and colleagues, on the 
other hand, proposed that the activity of loreclezole (a second-
generation antiepileptic medication) is dependent on the interaction 

of the triazole moiety with the amide group of asparagine (Asn-289), 
which is found on the GABA A receptor's 2 subunits. Additionally, 
various other compounds bearing a 1,2,4-triazole moiety were found 
to possess anticonvulsant properties in several animal models of 
epilepsy [32-35]. These findings prompted us to (i) search for 1,2,4-
triazole-based compounds endowed with anticonvulsant activity 
and (ii) to determine whether the obtained derivatives may act on 
the allosteric site of GABA-A receptors. In this study, we performed 
synthesis, pharmacological evaluation, and docking studies of a 
novel series of amino derivatives of 5-aryl-4(chloroacetylamino)-3-
mercapto-1,2,4-triazoles as potential anticonvulsant agents using in 
vivo experimental models. 

MATERIALS AND METHODS  

Chemistry 

All the chemicals utilized in the synthesis were procured from Merck 
and Sigma Aldrich. The purity of the synthesized compounds was 
confirmed using Thin-Layer Chromatography (TLC) with silica G. 
Visualizations were performed with iodine vapor or 30% v/v 
sulfuric acid. Melting points (uncorrected) of the compounds were 
determined using the Veego VMP-1 apparatus expressed in C using 
a Perkin-Elmer IR spectrophotometer with KBr pellets, IR spectra 
recorded1H NMR spectra were recorded on a Bruker Avance II 400 
MHz apparatus using CDCl3 and tetramethylsilane as internal 
standards and chemical shifts are expressed in δ ppm. Mass spectra 
were recorded on a JeolSx 102/DA-600 mass spectrum/data system 
employing the Fast Atom Bombardment (FAB) technique and 
analyzed on an elemental analyzer (ElementarVario EL III Carlo Erba 
1108). The 1,2,4-triazole derivatives were synthesized from various 
secondary amines and substituted benzoic acid, as shown in Scheme 
1. The physicochemical and spectral data are reported in table S1 
and table S2 as supplementary materials. 
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Fig. 1: Structural features of the compound for good anticonvulsant activity: (A) a hydrophobic aromatic region, (B) a hydrogen-binding 
domain, (C) an electron-donating fragment, and (D) a distant aromatic ring 

 

Synthesis of the methyl ester of substituted benzoic acid (1) 

130 ml of absolute alcohol and 3.3 ml of concentrated H2SO4 were 
introduced to 0.3 mol substituted benzoic acid. The reaction mixture 
was refluxed for 2 hr. Excess ethanol was distilled and extracted 
using carbon tetrachloride (20 ml) after the completion of the 
reaction. The mixed organic parts were rinsed with a strong sodium 
bicarbonate solution until all residual acid was extracted, and carbon 
dioxide did not further evolve. Carbon tetrachloride (organic part) 
was once washed and dried with over 7.5 g of magnesium sulfate 
and distilled under reduced pressure, resulting in ester (1), which 
was recrystallized from absolute ethanol. 

Synthesis of acid hydrazide of substituted esters (2) 

80% hydrazine hydrate (0.1 mol) was gradually introduced to the 
aromatic ester solution (0.1 mol) in ethanol and refluxed in a water 
bath for approximately 15 min. A sufficient amount of absolute 
ethanol was added to achieve a clear solution, and the content was 
again refluxed for 2 hr. Excess alcohol was distilled to obtain an acid 
hydrazide (2) precipitate, which was recrystallized from ethanol. 

Synthesis of potassium dithiocarbazinate (3) 

For 10 hr, substituted aromatic hydrazides (0.02 mol), KOH (0.012 
mol), and CS2 (0.015 mol) were stirred in ethanol (350 ml). Once the 
reaction was completed, 200 ml of ether was added to the mixture to 
obtain the precipitate. For the next stage, without additional 
purification, the synthesized dithiocarbazinate (3) was utilized. 

Synthesis of 5-aryl-4-amino-3-mercapto-1,2,4-triazole (4) 

A mixture of substituted dithocarbazinate (0.1 mol), hydrazine 
hydrate (0.3 mol), and water (30 ml) was refluxed for approximately 

3 h, cold water was added, the mixture was cooled to 5 C, and the 
mixture was acidified with diluted HCl to obtain the precipitate. 
Finally, the precipitate was washed with 95% ethanol and 
recrystallized. 

Synthesis of 5-aryl-4-(chloroacetylamino)-3-mercapto-1,2,4-
triazole (5) 

In a two-necked flask, 30 ml of chloroacetyl chloride was gently 
added to the synthesized compound in 100 ml of toluene, refluxed 
for 5-6 h, cooled, and placed on crushed ice. The mixture was 
subsequently washed several times with cold-ice distilled water. 

Synthesis of the amino derivative of 5-aryl-
4(chloroacetylamino)-3-mercapto-1,2,4-triazole (6) 

In a round bottom flask, 0.03 mol of 5-aryl-4-(chloroacetylamino)-3-
mercapto-1,2,4-triazole, the corresponding amines (0.03 mol), and 
75 ml of toluene were refluxed for 5-6 h and cooled. Repeated 
washes of the organic layer were carried out with distilled water, 
and finally, toluene was distilled off under lower pressure to extract 
and recrystallize the crude product. 

In silico studies 

Molecular docking 

A set of 40 different ligands was drawn using ChemDraw Ultra 4.0. A 
virtual library of selected compounds was prepared by Open Babel, 
and the TRIPOS force field was used to minimize their energies. In 
the present study, SYBYL X 2.1 was the principal docking software 
used for docking. After energy minimization, the complete set of 
proposed compounds was docked to the relevant target receptor 
with the reference co-crystallized ligand. The protein data bank 
(http://www.rcsb.org) was utilized to download the receptor PDB 
files (PDB ID: 1OHV). The docking results were revalidated by 
comparison with the docking results of the standard drugs 
phenytoin and carbamazepine with the active site of GABA-A [36]. 
The ligands were docked into the protein binding sites using an 
empirical scoring function. Prior to docking, the co-crystallized 
ligands and water molecules were removed, and polar hydrogen 
atoms were added to the ligands. Additionally, Kollman-all atom 
charges were assigned to the protein atoms. In this study, self-
docking was employed to create the ProtoMol model, using its two 
key parameters, ProtoMol-bloat and ProtoMol-threshold, set at the 
default values of 0 and 0.50 Å, respectively. With other settings left 
at their defaults, Surflex-Dock generated 20 conformations for each 
ligand. The binding conformation with the highest docking score for 
the co-crystallized ligands under similar conditions was then 
selected for further analysis. Throughout the process, the ligand was 
allowed to be flexible while the protein was treated as rigid [37]. 

Prediction of pharmacological properties 

The virtual chemical structures of the 12 most active compounds 
were drawn by ChemDraw Ultra 4.0. SwissADME software was used 
to predict the pharmacological effects of the most promising 
compounds. The predicted results were correlated with the standard 
drugs phenytoin and carbamazepine. 

http://www.rcsb.org/
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In vivo experimental models for evaluating anticonvulsant activity 

Male albino rats weighing 100-150 gm were stored in groups of six 
in plastic traps that were maintained at a regulated temperature 
(22±2 °C) and humidity (approximately 55±15%) with a 12 h light 
cycle beginning at 6 AM. The animals were permitted to adapt for 
one week before commencing the experimental testing for 
anticonvulsant activity in the working environment and were 
provided with standard rodent chow and tap water, ad libitum. All 
animal studies were performed in accordance with the guidelines of 
CPCSEA (Committee for the Purpose of Control and Supervision of 
Experiments on Animals, Ministry of Culture, Government of India) 
and protocols were duly approved by Institutional Animal Ethics 
Committee, Dr. H. S. Gour University, Sagar, India. 

Anticonvulsant activity 

Maximum electroshock seizure test (MES)  

The electroshock seizure technique was used to evaluate the 
anticonvulsant activity of the compounds. In rats, a supra-maximal 
electroshock current intensity of 50 mA and 60 Hz was applied at 
doses of 30, 100, and 300 mg/kg test compound with 60 Hz over a 
duration of 0.2 sec. Anticonvulsant behavior was registered as the 
removal of hind limb tonic extender spasms [38, 39]. 

Subcutaneous pentylenetetrazole method (scPTZ) 

The rats of both sexes were divided into groups of six each. A 1% 
(w/v) suspension of all the synthesized compounds in 5% aqueous 
gum acacia was prepared. At doses of 30, 100, and 300 mg/kg, the 
test compounds were administered intraperitoneally (i. p.) to all 
animals in each group. The control animals received vehicle (i. p.) 
only [40]. 

At 30 min and 4 h after the administration of the drug, 
pentylenetetrazole (85 mg/kg) was injected subcutaneously. The 
endpoint was taken as the absence or presence of an episode of 
clonic convulsion. Phenytoin and carbamazepine were used as the 
standard drugs for both studies. 

Neurotoxicity screening (NT) 

To assess the minimum motor impairment in the rats, a rotarod 
test was carried out. An accelerating rotarod with a diameter of 3.2 
cm was used, the rats were rotated at 6 rotations/min, and the rats 
(100-150 g) were educated to remain on it. For the experiment, 
rats were chosen which could remain on the rotating wheel for at 
least one min. Test compounds were given to trained animals via 
the i. p. route at a 300 mg/kg dose. Neurotoxicity was indicated by 
the inability of the animal to maintain balance on the rod for at 
least one min [41]. 

Locomotor activity studies 

The effects of the synthesized compounds on locomotor activity 
were screened, as most of the reported anticonvulsants inhibit 
locomotor activity. 

Albino rats were divided into six groups, each comprising four 
animals. One control group was treated with the standard drug 
(chlorpromazine 5 mg/kg i. p.), while five test groups received the 
test sample of 100 mg/kg i. p. The activities of the animals were 
determined by an actophotometer (Kshitij International, India) 
reading for each animal of each group by placing them separately in 
the actophotometer [42, 43]. The average was then determined at 30 
and 45 min after the administration of the drugs; the experiments 
were repeated to determine changes in activity. The average of the 
readings was determined again. 

The average percentage decrease in locomotive mobility (i. e., 
locomotive activity values) after 30 min and 45 min of drug 
treatment was calculated using the preceding formula. 

% Decrease in locomotive mobility =
Wc − Wt

Wc
× 100 

where, Wt and Wc are the mean values of the test and control groups, 
respectively. 

Statistical analysis 

Student’s t-test (GraphPad Prism, Version 8.0, CA, USA) was used to 
statistically analyze the data, and the level of significance was set at 
p<0.05. 

Molecular simulation 

Molecular Dynamics (MD) studies were performed on the Desmond 
module of Schrödinger using an OPLS4 forcefield [44]. The best-
docked complexes (with a high glide score) were solvated with the 
TIP4P solvent model in an orthorhombic box, keeping a 10 Å buffer 
region between the protein atoms and the box sides. The water 
molecules were removed, and the system was neutralized by adding 
ions. Suitable counterions (Na+/Cl−) were added to the solvated 
system to neutralize the absolute charge of the complex system. The 
complex system was solvated using an explicit solvent (TIP3P) system 
in the size of 10 Å cubic box with Periodic Boundary Condition (PBC) 
box, and the complex system was neutralized by adding counterions 
using the System Setup Panel of Desmond. 19 Na+ and 17 Cl-ions. The 
system was then gradually heated to 300 K in the NPT ensemble with a 
time step of 2 fs. A multiple-time step Reversible Reference System 
Propagator Algorithm (RESPA) integration algorithm was employed 
throughout the MD simulation with time steps of 2 fs for bonded 
interactions, 2 fs for near nonbonded interactions, and 6 fs for far 
nonbonded interactions. The system was then subjected to 50 ns MD 
simulation in the NPT ensemble (T=300 K, thermostat relaxation 
time=200 ps; p=1 atm; barostat relaxation time=200 ps) using a Nose–
Hoover thermostat and Martyna–Tobias–Klein barostat. The MD 
trajectory and 3D structures were visually inspected and analyzed 
using the Maestro graphical user interface. The structural changes in 
the GABA-A protein (C-α backbone atoms) upon binding of lead 
compounds were compared with the docked structure of the 
respective complex in terms of the Root mean Square Deviation 
(RMSD) amino acid fluctuation in terms of the Root mean Squared 
Fluctuation (RMSF) and H-bond analysis [45]. 

RESULTS AND DISCUSSION 

Chemistry 

The reaction order given in Scheme 1 was used to synthesize the target 
compounds. Various substituted benzoic acids, when reacted with 
methanol in the vicinity of concentrated sulfuric acid gave methyl ester 
as a substitute for benzoic acid (1), which, upon reaction with hydrazide 
hydrate in absolute alcohol, furnished acid hydrazides (2). The (2) on 
reacting with potassium hydroxide and carbon disulfide in absolute 
ethanol afforded potassium dithiocarbazinate derivative (3), which was 
then treated with hydrazine hydrate in absolute ethanol and water to 
yield (4). The compounds (4) were made to react with chloroacetyl 
chloride in toluene to afford 5-aryl-4-(chloroacetylamino)-3-mercapto-
1,2,4-triazole (5) The compounds (4) were made to react with amine in 
the presence of toluene to yield amino derivatives of 5-aryl-
4(chloroacetylamino)-3-mercapto-1,2,4-triazole (6).(Scheme 1). 

Molecular docking 

To investigate the effectiveness and specificity of the targeted 
compounds, we conducted a thorough molecular docking study 
involving 40 different triazole derivatives. These compounds were 
docked against the GABA-A protein (PDB 1OHV) using the Sybyl-X 
2.1 docking program. The results revealed successful binding of all 
40 compounds to the active site of GABA-A, with docking scores 
ranging from 8.0261 to 3.0244 (fig. 2). 

Notably, these compounds formed direct hydrogen bonds with 
specific amino acids, including Gln301, Lys329, Ser137, Ser328, and 
Gly136, which are located at the active site. These interactions 
occurred at distances between 1.9 and 2.7 angstroms (Å), indicating 
strong binding (fig. 3-4). 

Additionally, we observed other weak interactions, such as pi-pi and 
pi-alkyl bonds. Many of the studied compounds exhibited improved 
binding energies when compared to well-established drugs such as 
phenytoin and carbamazepine. 

Among all the compounds, 4c and 3e were the most promising, 
with total binding scores of 8.02 and 7.7, respectively. The 
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variations in total scores between these compounds and the 
reference ligand may be attributed to slight differences in 
interactions with amino acids within the binding pocket of the 4-
aminobutyric acid [46]. 

Important interacting polar amino acids that participated in 
hydrogen bond interactions at the protein's binding sites included 
Gln301, Lys329, Ser137, Ser328, and Gly136. The results are 
summarized in table 1. 

 

 

Scheme 1: Synthesis of target compounds 

 

Table 1: Docking score values of the synthesized 1,2,4-triazole derivatives 

S. No. Name Total score Crash G Score C score Polar 

1 3a 6.1153 -1.5983 -160.18 4 1.8303 
2 4a 5.6524 -2.4444 -189.11 5 2.5392 
3 5a 4.1837 -2.6468 -181.30 3 1.9829 
4 6a 4.3805 -1.1289 -172.33 4 1.3426 
5 7a 4.6675 -0.8467 -245.16 1 0.5985 
6 3b 6.0278 -1.5359 -120.78 4 2.8303 
7 4b 5.9727 -0.9297 -185.47 3 3.1039 
8 5b 6.0629 -3.2163 -76.83 4 3.6414 
9 6b 5.6033 -1.0774 -212.78 2 3.0355 
10 4c 8.0261 -1.4813 -253.96 5 4.2158 
11 7c 7.6768 -1.708 -168.67 4 4.2829 
12 3d 6.5133 -1.4641 -110.45 5 1.1738 
13 4d 6.3107 -2.0109 -122.66 4 1.0829 
14 3e 7.731 -1.5712 -171.89 4 1.2177 
15 6e 4.5034 -0.8392 -132.45 3 0.0004 
16 7e 5.1049 -1.6647 -313.40 5 0.2668 
17 3f 5.8557 -1.5609 -276.18 4 1.5297 
18 4f 4.5637 -0.8616 -118.78 2 2.3113 
19 5f 3.1316 -3.1182 -167.90 4 2.3025 
20 3g 5.7769 -2.817 -172.89 5 1.4851 
21 4g 4.6099 -1.7054 -243.17 4 1.2042 
22 5g 3.0244 -2.7536 -265.24 4 1.4645 
23 6g 4.1718 -1.0839 -167.18 4 1.7037 
24 7g 5.8311 -1.3407 -212.24 5 1.2944 
25 3h 6.6558 -1.0217 -234.15 4 1.1437 
26 Reference Ligand 6.6683 -0.9701 -102.56 4 4.1505 
27 Carbamazepine 2.295 -0.7184 -156.45 3 1.0512 
28 Phenytoin 5.1428 -1.1447 -170.16 4 1.7183 

a. Total score: Overall performance for docking, b. Crashscore: The degree of improper entry of ligand into the binding site, c. Polarscore: record the 
polar nonbonding hydrogen interactions with respect to the total score, d. G Score (Grid score): Empirical docking score that evaluates the 
interaction of the ligand with the protein's active site, e. C score (Consensus score): Account multiple parameters such as hydrophobic interactions, 
electrostatics, and ligand-receptor complementarity. 
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Fig. 2: 3D and 2D binding pose of the reference ligand with 4-aminobutyric acid (PDB ID: 1OHV) 

 

 

Fig. 3: 3D and 2D binding pose depiction of compound 4c with 4-amino butyric acid from docking studies, where GLN301, LYS329, 
ACT500, SER137, and GLY136 are interacting amino acids to form a hydrogen bond 

 

Prediction of pharmacological properties 

The pharmacological properties of the best active compounds were 
predicted by Swiss ADME software, which is based on Lipinski’s rule 
of five [47]. The predicted pharmacological effects are shown in 
table 2. The predicted values implied that the selected compounds 

successfully fulfilled the criteria of Lipinski’s Rule of Five. Veber’s 
rule states that the oral bioavailability of a drug can be assessed by 
multiple criteria, such as molecular weight, number of hydrogen 
bonds, and number of rotatable bonds. Thus, the predicted drug's 
polar surface of the (TPSA) suggested that the selected compounds 
must be able to assure oral bioavailability [48]. 
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Fig. 4: 3D and 2D binding pose depiction of compound 3 with 4-amino butyric acid in depiction from docking studies, where SER328 and 
GLY136 are interacting amino acids to form a hydrogen bond 

 

Table 2: The molecular descriptor values of the most active 5-aryl-4 (chloroacetylamino)-3-mercapto-1, 2,4-triazole derivatives 

S. 
No. 

Cpd 
No 

Molecular 
formula 

Mol. wt. LogP No. of H-bond 
donors 

No. of 
H-bond acceptors 

No. of rotatable 
bonds 

TPSA Drug 
likeliness 

1. 3a C22H18ClN5OS 435.9 5.47 1 3 7 101.85 3.35 
2. 3b C22H18N6O3S 446.5 4.75 1 5 8 147.67 3.49 
3. 5b C24H38N6O3S 490.7 6.38 1 6 10 147.67 4.17 
4. 3c C22H18N6O3S 446.5 4.73 1 5 8 147.67 3.55 
5. 4c C15H18N6O3S 362.4 1.97 2 6 6 156.46 2.98 
6. 5c C24H38N6O3S 490.7 6.38 1 6 10 147.67 4.24 
7. 6c C14H16N6O4S 364.4 1.18 1 7 6 156.90 3.16 
8. 7c C14H17N7O3S 363.4 0.63 2 7 6 159.70 3.19 
9. 3d C30H27N5OS 505.6 7.41 1 3 8 101.85 3.99 
10. 4d C23H27N5OS 421.6 4.65 2 4 6 110.64 3.41 
11. 3e C23H21N5O2S 431.5 4.80 1 4 8 111.08 3.55 
12. 3h C29H25N5O2S 507.6 6.28 2 4 9 122.08 3.82 

 

Molecular docking and in silico ADME studies were carried out on 
a series of 1,2,4-triazole derivatives using SYBYL X 2.1 and 
SwissADME software, respectively. The data for the target protein 
GABA-A were obtained from the protein data bank. The active site 
was identified, and the compounds were docked with reference 
ligands and standard drugs. The wide range of anticonvulsant 
behaviors of compounds 3a, 3f, 3e, 5a, 6a, 6f, 7a, 7f, 4a, 4c, 4e and 
4f has been shown to be beneficial relative to phenytoin. Cited 
compounds could be used both for clonic‒tonic (grand mal) and 
absence (petit mal) seizures, as both the MES and scPTZ models 
could have been blocked. None of the compounds with ortho or 
meta substituents showed this dual activity. Compounds with a 
phenyl moiety at R’ were relatively better substituents compared 
to –C2H5. Substitutions with a heterocyclic ring in place of R’, such 
as morpholine, piperazine, and piperidine, showed better activity 
than phenyl or ethyl substituents. This phenomenon has also been 
reported in the literature, which suggests that the presence of a 
heterocyclic ring at these positions increases the lipophilicity of 
these compounds, which ultimately results in increased 
anticonvulsant activity. In the scPTZ screening, the compounds 
exhibited activity only at higher doses, i. e., 300 mg/kg, but some 
of the compounds, such as 6a, 6f, 7a, 7f, 4a, and 4f, exhibited 
activity at 100 mg/kg body weight. This difference might be 
attributed to the substitution with the heterocyclic ring at R’ and 
the p-substitution in the phenyl ring. 6a, 7a, 4a, and 4f were found 
to be the most effective compounds in the sequence at a lower 
dose level (30 mg/kg i. p. in the MES display). In these compounds, 
R’ was substituted with a heterocyclic ring, and the phenyl ring 

was substituted at the p-position. The compound's rapid 
metabolism rate is likely accountable for its short duration of 
activity. The rapid onset of action and long duration of activity 
were shown by compounds with observed activity at both 0.5 h 
and 4 h. At a maximum dose level of 300 mg/kg, 50% of the 
compounds showed no neurotoxicity. The reason for this might be 
no binding or less binding of these compounds to neurons. Nearly 
all the compounds (90%) showed a decrease in locomotor activity. 

Pharmacological evaluation 

In vivo anticonvulsant activity 

Different in vivo tests were performed to evaluate the anticonvulsant 
effects of all the newly synthesized novel compounds. Two well-
recognized models i. e., maximal electroshock-induced seizure (MES) 
and pentylenetetrazol-induced convulsion (scPTZ), were used to 
explore the anticonvulsant activities of the synthesized compounds. 
Phenytoin and carbamazepine were used as standard drugs to 
assess the anticonvulsant activity of the synthesized compounds. 

In the MES test, at 0.5 hr, Compounds 3(a, b, c, e, f, g), 5(a, b, c, e, f, g, 
h), 6(a, b, c, d, f, g, h), 7(a, b, c, e, f, g, h), and 4(a, b, c, e, f, g) were 
identified as active. At 30 mg/kg body weight, only six compounds, 
namely,3e, 6a, 7a, 4a, 4c, and 4f, exhibited activity, whereas at 100 
mg/kg body weight, twenty-four compounds, namely, 3a, 3b, 3c, 3f, 
3g, 5a, 5c, 5e, 5h, 6b, 6c, 6e, 6f, 6g, 6h, 7b, 7c, 7e, 7f, 7g, 7h, 4b, 4e, 4f, 
and 4g, were found to be active, and the remaining compounds, 
namely, 5b, 5f, and 5g, were found to be active at 300 mg/kg at 0.5 h. 
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All the tested compounds significantly reduced seizures induced 
by PTZ compared to the control group. The presence of a 
heterocyclic ring at the R’ position results in more lipophilic 
compounds, such as 3a, 3c, 3e, 3f, 5a, 5c, 6a, 6c, 6f, 7a, 7f, 4a,4c, and 
4f. These compounds showed activity at 100 mg/kg at 0.5 hr 
except for 3a and 5a, which were found to be active at 300 mg/kg 
at 0.5 hr. No compounds were active after four hr, as shown in 
table 3. 

It is common knowledge that triazole compounds with the right aryl 
or alkyl group had stronger anticonvulsant effects in their analogs 
[49]. Triazole derivatives' hydrophobicity is a crucial factor in 
determining their anticonvulsant efficacy. The developed 
compounds with increased hydrophobicity can demonstrate higher 
Blood-brain Barrier (BBB) permeability, which is required for the 
drugs to function in vivo. Hence, the lipophilic compounds can 
perform as better anticonvulsant agents [50]. 

 

Table 3: Anticonvulsant activity of the synthesized compounds 

Compound code R R’ Minimum active dose (mg/kg)* 
MES test scPTZ test 
0.5 h 4 h 0.5 h 4 h 

3a p-Cl (C6H5)2N- 100 300 300 - 
3b p-NO2 (C6H5)2N- 100 - - - 
3c m-NO2 (C6H5)2N- 100 300 100 - 
3d p-C8H10 (C6H5)2N- - - - - 
3e o-OCH3 (C6H5)2N- 30 300 100 - 
3f p-OH (C6H5)2N- 100 - 300 - 
3g p-I (C6H5)2N- 100 - - - 
3h p-CH2C6H4OH (C6H5)2N- - - - - 
5a p-Cl (C2H5)2N- 100 300 300 - 
5b p-NO2 (C2H5)2N- 300 - - - 
5c m-NO2 (C2H5)2N- 100 - 100 - 
5d p-C8H10 (C2H5)2N- - - - - 
5e o-OCH3 (C2H5)2N- 100 - - - 
5f p-OH (C2H5)2N- 300 - - - 
 5g p-I  (C2H5)2N-  300 - - - 
5h p-CH2C6H4OH (C2H5)2N- 100 - - - 
6a p-Cl NH O

 
30 300 100 - 

6b p-NO2 NH O

 
100 - - - 

6c m-NO2 NH O

 
100 - 100 - 

6d p-C8H10 NH O

 
- - - - 

6e o-OCH3 NH O

 
100 - - - 

6f p-OH NH O

 
100 300 100 - 

6g p-I NH O

 
100 - - - 

6h p-CH2C6H4OH NH O

 
100 - - - 

7a p-Cl NH NH

 
30 300 100 - 

7b p-NO2 NH NH

 
100 - - - 

7c m-NO2 NH NH

 
100 - 100 - 

7d p-C8H10 NH NH

 
- - - - 

7e o-OCH3 NH NH

 
100 - - - 

7f p-OH NH NH

 
100 300 100 - 

7g p-I 
NH NH

 
100 - - - 

7h p-CH2C6H4OH 
NH NH

 
100 - - - 

4a p-Cl 
NH

 

30 100 100 - 

4b p-NO2 
NH

 

100 300 - - 

4c m-NO2 
NH

 

30 300 100 - 

4d p-C8H10 
NH

 

- - - - 

4e o-OCH3 
NH

 
100 - - - 

4f p-OH 
NH

 

30 300 100 - 

4g p-I 
NH

 

100 - - - 

4h p-CH2C6H4OH 
NH

 

- - - - 

Phenytoin 30 100 - - 
Carbamazepine 30 100  100 - 

*Dose in mg/kg at which the biological activity was observed in animals (n=4). (-ve) sign indicates absence of protection from convulsion at the 
maximum dose administered i. e. 300 mg/kg. 
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Neurotoxicity studies 

Eight out of forty compounds exhibited neurotoxicity at a 
maximum dose of 300 mg/kg, as shown in table 4. Neurotoxicity 
was not demonstrated at a dose of 100 mg/kg. Compounds 3d, 
3h, and 4a exhibited extended neurotoxicity for up to 4 h, as 

determined through the rotarod test. Fifty percent of the 
compounds showed no neurotoxicity at a maximum dose level of 
300 mg/kg. The reason for this might be no binding or less 
binding of these compounds to neurons, key cells that transmit 
and process signals in the brain and other parts of the nervous 
system [12]. 

 

Table 4: Minimal neurotoxicity studies of the synthesized compounds 

Compound 
code 

R’ *Neurotoxicity dose (mg/kg) 
0.5 h 4 h 

3a (C6H5)2N- - - 
3b (C6H5)2N- - - 
3d (C6H5)2N- 300 300 
3e (C6H5)2N- - - 
3f (C6H5)2N- - - 
3g (C6H5)2N- - - 
3h (C6H5)2N- 300 300 
5a (C2H5)2N- - - 
5b (C2H5)2N- - - 
5f (C2H5)2N- - - 
5g (C2H5)2N- - - 
6a 

NH O

 
 - 

6b 
NH O

 
- - 

6e 
NH O

 
- - 

6f 
NH O

 

- - 

6g 
NH O

 

300 - 

7a 
NH NH

 
- - 

7c 
NH NH

 

300 - 

7e 
NH NH

 
- - 

7g 
NH NH

 

300 - 

4a 
NH

 

300 300 

4b 
NH

 

300 - 

4c 
NH

 
300 - 

4f 
NH

 

- - 

4g 
NH

 
- - 

Phenytoin 100 100 
Carbamazepine 100 300 

*Dose in mg/kg at which the neurotoxicity was observed in animals (n=4). (-ve) sign indicates the absence of neurotoxicity at the maximum dose 
administered i. e. 300 mg/kg 
 

Behavioral study 

Actophotometer scoring technique was used in the behavioral study. All 
the synthesized compounds decreased locomotor activity ranging 
between 20% and 58% (table 5). The standard drug chlorpromazine 
showed a 70% decrease in activity. After 30 min, all compounds depicted 
significant reduction in locomotor activity (p<0.05). Moreover, all the 
compounds except except 6g and 7e depicted a significant reduction in 
locomotor activity (p<0.001) after 45 min of administration of the test 
compound. 7f was the least potent compound in the prepared series, 
while 5a and 5g were the most potent. Results clearly demonstrated that 
nearly all the compounds decreased locomotor activity. In a particular 
series, methoxy-substituted compounds (at the phenyl ring) exhibited 
improved activity. All the compounds showed better activity at 45 min, 
which might be due to the increased level of administered compound in 
the biological system [13]. 

MD simulation 

To determine the structural stability of the docked ligand with the 
target protein and to provide a dynamic view of the ligand-protein 

interaction, compound 4c, which exhibited good docking and in vitro 
and in vivo activity, was subjected to MD simulation. From the MD 
trajectory of 50 ns simulated protein-ligand complex, it was 
emphasized that the RMSD of protein Cα atoms achieved 
equilibrium after 30 ns and stabilized until 50 ns with an RMSD 
range of 2.5 to 3.0 Å with the fluctuation ranging from 3.0 to 4.5 (fig. 
5A). The ligand RMSD values observed remain lesser than the RMSD 
of the protein (Cα). The RMSD during MD for the compound was 
found to be within an acceptable range(i. e., 0–3Å) with some 
deviation and maintained equilibrium until the end of dynamics 
[44]. The RMSF fig. shows the residue-wise fluctuations in the amino 
acid residues (fig. 5B). The RMSF plot showed major fluctuations in 
the range of 1.3 to 4.8 Å, and the least residue fluctuation in 0.6 to 
1.8 Å range. Most amino acid residue interaction took place with the 
values of side chains of the complex were calculated, which was 
found below 3.0 Å. The peaks indicate the areas of the protein that 
fluctuated the most over the simulation run. MD analysis confirms 
the stable complex formation of ligands with the protein and is 
thermodynamically favorable [45]. 
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Protein-ligand contacts: Protein interactions with the ligand can 
be monitored throughout the simulation. These interactions can be 
categorized by type and summarized, as shown in the plot (fig. 5C). 
Protein-ligand interactions (or 'contacts') are categorized into four 
types: hydrogen bonds, hydrophobic interactions, ionic 

interactions and water bridges. Arg 100, Ala 134, Cys 135, Met332 
Asn 352, Leu 355, and Gly 356 are amino acid residues engaged in 
hydrogen bond interactions with compounds, and other 
hydrophobic interacting residues include Trp354 and Lys 360, 
depicted in fig. 5C. 

 

Table 5: Locomotor activity studies of the synthesized compounds 

  Meantime (sec)SD 
Before treatment  After treatment 
 30 min % Change in 

locomotor activity 
45 min % Change in 

locomotor activity 
3a 464.720.32 265.290.87** 43 243.760.34**** 48 
3b 475.360.52 365.541.19**** 23 265.540.94**** 44 
3d 455.260.62 301.230.58*** 34 244.130.45**** 46 
3e 576.651.22 296.450.69*** 48 265.231.45**** 54 
3f 486.820.54 411.451.54**** 15 284.441.98**** 42 
3g 550.640.80 299.760.90**** 46 273.100.43**** 50 
5a 377.871.25 345.542.40**** 9 176.640.67**** 58 
5b 450.651.26 276.540.89*** 39 298.651.99**** 34 
5f 470.440.92 431.340.56**** 8 238.230.43**** 49 
5g 378.550.93 265.680.34* 30 158.430.56**** 58 
6a 460.650.96 375.230.14**** 19 257.430.54**** 44 
6b 378.220.63 345.150.67**** 9 217.340.54**** 43 
6e 389.320.67 354.380.98**** 9 198.120.33**** 54 
6f 381.452.70 343.400.29**** 10 240.240.44**** 37 
6g 352.320.48 309.460.18*** 12 169.341.54ns 52 
7a 389.260.45 354.100.39**** 9 254.390.54**** 35 
7c 289.110.38 265.200.40* 8 199.830.54**** 31 
7e 380.460.56 356.380.48**** 6 165.000.76ns 57 
7g 376.691.67 301.290.39*** 20 244.450.92**** 35 
4a 494.560.78 417.190.49**** 15 283.720.71**** 42 
4b 389.100.45 329.380.93**** 15 192.000.62**** 51 
4c 495.560.65 457.830.73**** 8 232.930.02**** 53 
4d 478.350.66 438.840.65**** 8 294.540.75**** 38 
4f 531.450.33 465.430.31**** 12 265.130.76**** 50 
4g 456.450.62 416.310.43**** 9 293.150.75**** 36 
Chlorpromazine 549.401.02 254.122.42 54 165.100.31 70 

Value represents mean SD, n=4. *indicates p<0.05, **indicates p<0.01, ***indicates p<0.001 and ****indicate p<0.0001 while ‘ns’ indicates no 
significant variation 

 

 

Fig. 5: MD analysis of protein-ligand complex for 50ns with A) RMSD plot, B) RMS fluctuation, C) Protein-ligand contact histogram showing 
hydrogen bond interactions, hydrophobic interactions, ionic contacts and water bridges observed during MD, D) 2D pose of ligand 

binding interactions in the active pocket of4-amino butyric acid (PDB ID: 1OHV) 
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The experiments carried out with the developed triazole compounds 
demonstrated that the compound with aryl substitution offered 
proven anticonvulsant effects. However, their limited duration of 
action (less than 4 h) may limit their utility in clinical application. 
The compounds with maximum docking scores were not the lead 
compound offering beneficial effects. The experimental design can 
also be considered limited in scope as the effectiveness as well as 
toxicity was measured only at three designated dosages. However, 
the developed compounds offered high lipophilicity to provide 
better BBB permeability. The information provided indicates that 
compounds containing triazoles could be a valuable target for 
pharmaceutical researchers. These novel substances can serve as a 
model compound for the creation of novel medications.  

CONCLUSION 

All the compounds were synthesized according to the synthetic 
scheme under appropriate experimental conditions and analyzed by 
elemental analysis, IR, mass, and 1H/13CNMR. From the results of the 
in silico and biological evaluations, it can be concluded that the 
substitution with the heterocyclic ring at R’ and the p-substitution in 
the phenyl ring showed good anticonvulsant activity. Molecular 
docking was performed for all the synthesized compounds to assess 
their binding affinities for the GABA-A receptor to rationalize their 
anticonvulsant activities qualitatively. The MD simulation revealed 
the structural stability of the GABA-A ligand complex in the solvated 
environment.  

The information provided here indicates that compounds containing 
triazoles could be a valuable target for pharmaceutical researchers. 
Among the synthesized compounds, the triazole derivative 3d, 3h 
and 4a exhibited least neurotoxicity. These compounds may even be 
considered as potential therapeutic candidates in preclinical and 
clinical research as effective antiepileptic medications.  
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