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ABSTRACT

Imidazole scaffolds are well-established pharmacophores in widely used anticonvulsant and antidepressant
medications, including Dizimol, Nafimidone, and Napamezole hydrochloride. In the present study, two imidazole
derivatives (C1 and C3) were synthesised via a green chemistry route using diketones and substituted aldehydes and
were evaluated for neuropharmacological activity. Molecular docking was performed against the Gamma-
aminobutyric acid receptor (PDB ID: 8G4N), sodium channel inactivator (PDB ID: 5VBS), and the monoamine
transporter complex (PDB ID: 2QJU) to elucidate their potential mechanisms of action. Compound C1 exhibited a
stronger affinity toward the sodium channel (—9.4 kcal/mol), while C3 showed comparable binding across all targets.
Free radical scavenging activity, assessed using the 2,2-diphenyl-1-picrylhydrazyl assay, revealed superior
antioxidant potential for C3, with a radical scavenging activity of 84.15%. Neuropharmacological activities were
evaluated in Swiss albino mice using an Actophotometer, rotarod, and pentylenetetrazol-induced seizure model at
doses of 50 and 100 mg/kg. Both C1 and C3 produced significant Central Nervous System depressant and muscle-
relaxant effects, with C1 showing greater protection against Pentylenetetrazol induced seizures at a dose of 100
mg/kg. Overall, these results suggest that C1 and C3 possess dose-dependent anticonvulsant, antidepressant, and
neuroprotective properties, which supports SDG-3. These derivatives can be potential lead candidates for
multifunctional neuroactive drug development in the future.
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INTRODUCTION
Epilepsy is a chronic neurological disorder characterised by unwanted seizures that are abnormal and
caused by excessive neuronal discharge in the brain. According to the World Health Organisation (WHO),
around 50 million people are affected worldwide, making it one of the most widespread neurological
conditions globally.! The epilepsy disorder is clinically dissimilar, which occurs when focal seizures arise
from a specific cerebral region, whereas generalised seizures involve both hemispheres simultaneously.?
The etiological pathogenesis of epilepsy involves multiple genetic factors related to ion channel mutations,
traumatic brain injury, infections, cortical malformations, metabolic abnormalities, and autoimmune
factors.> The pathophysiology of epilepsy involves an imbalance between excitatory and inhibitory
GABAergic neurotransmission, resulting in hyperexcitability and hypersynchrony of neurons.*
Antiepileptic drugs (AEDs) are currently used for treatment, such as phenytoin, carbamazepine, valproate,
benzodiazepines, and levetiracetam, which enhance GABAergic transmission, modulate channels, such as
voltage-gated sodium or calcium channels, and inhibit glutamate release. These medicines demonstrate
antiepileptic effects via all these mechanisms.> The need for newer AEDs is because, despite having all
the AEDs that have significant therapeutic effects, approximately 30% of patients are resistant to AEDs in
epilepsy, which indicates the urgent need for a novel therapeutic molecule that should have improved
efficacy, fewer adverse effects, and broader mechanistic targets that can be targeted for antiepileptic
activity.® Depression is another major neurological illness, such as epilepsy, which affects the mind
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psychologically and is one of the leading causes of global disability, characterized by persistent sadness,
lack of interest, and cognitive and physiological disturbances.” Depression, also known as major
depressive disorder (MDD), is a common but serious mood disorder characterized by persistent sadness,
loss of interest or pleasure in activities, and a range of emotional and physical symptoms that impair daily
functioning. This affects how a person feels, thinks, and behaves, often leading to significant distress and
reduced quality of life. A decrease in the synaptic levels of serotonin (5-HT), norepinephrine (NE), and
dopamine (DA) causes depressive symptoms.®?

Unlike epilepsy, depression has a more complex pathophysiology, including hypothalamic-pituitary-
adrenal (HPA) axis dysregulation, neuroinflammatory activation, altered GABAergic and glutamatergic
signalling, and impaired synaptic plasticity.'®!! Reduced brain GABA concentrations and abnormal
GABA-A receptor activity are observed in patients with major depressive disorder, suggesting that
inhibitory neurotransmission plays a crucial role in mood regulation.!? Available standard antidepressant
therapies, such as selective serotonin reuptake inhibitors (SSRIs), serotonin norepinephrine reuptake
inhibitors (SNRIs), tricyclic antidepressants, and monoamine oxidase inhibitors (MAOIs), which target
monoaminergic systems, have a slow therapeutic onset, a significant relapse rate, and treatment resistance
remains common in most patients. '3

All of these factors create an urge to search for new compounds or scaffolds capable of acting through
multiple model neuropharmacological pathways. Depression and epilepsy can occasionally coexist, with
overlapping neurochemical and molecular pathways that comprise disruptions in monoaminergic
transmission and GABAergic signalling.!* The compound or scaffold serves as a base scaffold for
anticonvulsant and antidepressant drugs and showcases both activities in these conditions. The imidazole
scaffold has attracted significant attention due to its pharmacological versatility and structural adaptability,
as imidazole is a 5-membered heterocyclic ring containing two nitrogen atoms capable of hydrogen
bonding, electron delocalisation, and m—r stacking interactions, which confer favourable physicochemical
and pharmacokinetic properties. Clinically proven standard drugs with imidazole nuclei, such as losartan,
ketoconazole, metronidazole, and cimetidine, have demonstrated medicinal relevance. Some drugs, such
as Denzimol, Nafimidone, and Napamezole hydrochloride, are imidazole scaffold-based, showing
antiepileptic and antidepressant activities. Furthermore, imidazole derivatives possess lipophilicity
suitable for blood-brain barrier (BBB) penetration and have shown promising neuropharmacological
activities, including anticonvulsant, anxiolytic, and antidepressant effects.!> Their structural flexibility
allows for substitution patterns that can be fine-tuned to optimise receptor binding and biological activity.
In silico computational methods can facilitate the interaction of a compound or its derivatives with three
key central nervous system targets, including the GABA receptor (PDB ID: 8G4N), sodium channel
inactivator (PDB ID: 5VBS8), and monoamine transporter complex (PDB ID: 2QJU). In the brain, rapid
inhibitory neurotransmission is mediated by the GABA-A receptor, a pentameric ligand-gated chloride
channel.!® Positive allosteric modulation of GABA-A receptors hyperpolarises neuronal membranes,
resulting in reduced excitability and anticonvulsant, anxiolytic, and antidepressant effects.!” Sodium
channels are essential for the generation of action potentials, and their inhibition or stabilisation in an
inactivated state can effectively reduce neuronal hyperexcitability. (SVB8) provides information
regarding potential channel-blocking interactions. '

Monoamine transporters (2QJU) are responsible for the reuptake of neurotransmitters from the synaptic
cleft, thereby regulating mood and affective tone. Their inhibition is mostly achieved by antidepressant
drugs, which act as templates for modifying ligand binding at human monoamine transporter sites.?*?! In
continuation of our earlier research on the synthesis of imidazole derivatives using a green chemistry
approach, the present work was designed to address this gap by integrating the environmentally
sustainable synthesis, molecular docking, and in vivo pharmacological evaluation into a single drug
discovery framework. Three imidazole derivatives, C1, C2, and C3, were synthesised using a green
chemistry approach, and their interactions with epilepsy- and depression-related molecular targets were
investigated through molecular docking. In silico molecular docking was performed against the GABA
receptor (PDB ID: 8G4N), sodium channel inactivator (PDB ID: 5VB8), and monoamine transporter
complex (PDB ID: 2QJU) for lead optimization and to reduce the need for extensive trial-and-error
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synthesis. Based on good binding scores and interactions with different amino acids, compounds C1 and
C3 were studied for neuropharmacological activity using the various models. The hypothesis is to
combine the green chemistry approach and in vivo pharmacological evaluation for the establishment of
novel imidazole derivatives with potent antiepileptic and antidepressant activities. This research directly
supports SDG-3: good health and well-being by advancing the discovery of novel therapeutic candidates
for neurological and mental disorders. Furthermore, the use of a green chemistry approach aligns with the
principle of sustainable pharmaceutical development by reducing the environmental impact associated
with conventional synthesis.

EXPERIMENTAL
Chemicals and Reagents
All experiments used essential reagents, including Tween 80, DPPH (2,2-diphenyl-1-picrylhydrazyl), 2-
aminothiazole, ammonium acetate, benzil, benzaldehyde, ascorbic acid, and pentylenetetrazol (PTZ).
CAN (Ceric ammonium nitrate) and copper sulphate as catalysts. At the same time, ethanol, glacial acetic
acid, and methanol were obtained as solvents from the institutional laboratory stock of St. John Institute
of Pharmacy and Research, Vevoor, Palghar, India.
The standard Central nervous system (CNS) drugs diazepam (2 mg/kg) and phenytoin (1 mg/kg),
manufactured by Abbott Healthcare Pvt. Ltd., India, and Pentoxifylline (2 mg/kg), manufactured by
Zentiva Pvt. Ltd., India, were procured from a local pharmacy. All chemicals and reagents used were of
analytical grade. FT-IR Spectrophotometer (Bruker Alpha II) and 1H-NMR Spectrometer (500 MHz
Bruker Ascend 500) were used for spectral characterisation.

In Silico Study

Prediction of the Probability of Activity of Novel Imidazole Derivatives

The probability of activity and inactivity was predicted using the PASS Online Software for the structure
of novel synthetic imidazole derivatives.

Docking Study

Computational studies were carried out to elucidate the molecular basis of interactions between novel
synthetic imidazole derivatives and the GABA receptor (PDB ID: 8G4N), sodium channel inactivator
(PDB ID: 5VBS), and neurotransmitter transporter (SERT, NET, DAT) blockers (PDB ID: 2QJU).

Steps for Docking

Preparation of Ligand

First, the structures of all ligands were drawn in ChemDraw Ultra 8.0 and saved as a mol file. The file
was then opened in ChemDraw 3D, and the ligand energies were minimised using the MMFF94 force
field. This file was saved in PDB format.

Preparation of Protein
The downloaded protein file was opened in Discovery Studio Visualizer v 3.1, and the heteroatoms and
water molecules were removed. This file was saved in the PDB format, as with FIX.

Run Molecular Docking in PyRx

The cleaned protein structure was first loaded into the docking software and prepared using AutoDock
Tools by selecting the macromolecule option. The ligand structures were prepared using Open Babel,
where the ligand molecules were imported and subjected to energy minimisation to obtain stable
conformations. After minimisation, the ligand files were converted to the pdbqt format, which is required
for docking calculations. Subsequently, the Vina Wizard was opened, and the prepared protein and ligand
files were loaded. The grid box was calculated to cover the active site.

After setting the grid parameters, the docking process was initiated to calculate the ligand-target protein
binding affinity. Upon completion of the docking simulation, results were generated and binding affinity
values recorded. The output data were then exported and saved as a CSV file, which was subsequently
opened and stored as an Excel file for further analysis and interpretation.
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Visualisation of Ligand and Protein Interaction

Open the output file of the docked ligand in Discovery Studio and minimise it. Then opened PC and then
opened Discovery Studio to user and then selected our folder macromolecules, selected the protein file
(underdo FIX), then dragged that file and opened it in the Discovery Studio. Clicked the label in
Discovery Studio, selected Add, and then applied the amino acid. Clicked Ligand Interaction, clicked
SAS, then showed distance, and then clicked minima, showing a 3D diagram. Clicked on the 2D diagram
to display it, and then clicked on the interaction to show the distance. The 2D and 3D diagrams were
saved as ligand and image files.

Synthesis of Novel Synthetic Imidazole Derivatives

Ten imidazole derivatives were rationally designed using a validated strategy previously employed by our
research group. Of these, C1, C2, and C3 were identified as promising candidates through in silico studies
and were subsequently synthesised and characterised by TLC, melting point determination, and FT-IR
and 1H-NMR spectroscopy.

Procedure for the Synthesis of Novel Synthetic Imidazole Derivatives

Synthesis of 1,2,4,5-tetrasubstituted imidazole derivatives (C1-C3) using green chemistry approach
Benzil (0.012 mol), substituted aromatic aldehyde (0.014 mol), and ammonium acetate (0.06 mol) were
introduced into a 250 mL round-bottom flask containing glacial acetic acid (40 mL). A 2% (w/v) aqueous
copper sulphate solution was prepared separately, and 2.5 mL was added dropwise to the reaction mixture.
Copper sulfate acts as a Lewis acid catalyst, enhancing carbonyl activation and facilitating imine
formation, followed by cyclocondensation.?? The reaction mixture was refluxed for 3 h. After completion
of the reaction, the mixture was cooled to 50-60 °C and carefully poured into distilled water (125 mL)
with gentle stirring. The resulting mixture was allowed to stand for 15 min to ensure complete
precipitation. The completion of the reaction was monitored by TLC (Mobile Phase: Methanol:
Chloroform: Acetic acid 7:2:1). The solid product was isolated by vacuum filtration, washed with ice-cold
water to remove residual impurities, dried, and recrystallised from methanol (20 mL)*** (Fig. 1).
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Fig.-1: Scheme of Synthesis of Substituted Imidazole Derivative (C1-C3)

1-(4-methylthiazol-2-yl)-2,4,5-triphenyl-1H-imidazole (C1)

Yellow crystals from methanol: Yield: 50.89 %, m.p.: 120-122 °C, FT-IR (cm): 3037.12 (Ar-H),
2920.77 (CH3), 1649.53 (C=N), 1586.11 (Ar C=C), 1322.58 (CH bend), 1027.14 (C-N); '"H NMR (400
MHz, DMSO-ds )6 =7.33-6.58 (m, 15H, Ar-H), 6.17 (s, 1H, C=CH thiazole), 3.07 (s, 3H, CHz).

2-(4,5-diphenyl-1-(thiazol-2-yl)-1H-imidazol-2-yl)phenol (C2)

Buff crystals from methanol: Yield: 91.63 %, m.p.: 160-162 °C, FT-IR (cm™): 3471.29 (OH), 3059.77
(Ar-H), 1657.64 (C=N), 1591.60 (Ar C=C), 1292.67 (CH bend), 1172.94 (C-O Phenolic), 1070.45 (C-N);
"H-NMR (400 MHz, DMSO-ds): 8 = 12.79 (s, 1H, OH), 8.09-8.08 (d, 1H, N-C=CH thiazole), 7.77-7.52
(m, 4H, Ar-H Phenolic), 7.51-7.29 (m, 10H, Ar-H), 7.23-7.21 (d, 1H, S-C=CH thiazole).
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2-(1-(4-methylthiazol-2-yl)-4,5-diphenyl-1H-imidazol-2-yl)phenol (C3)

Buff crystals from methanol: Yield: 66.58 %, m.p.: 102-104 °C, FT-IR (cm™): 3569.32 (OH), 3028.68
(Ar-H), 2935.38 (CH3), 1656.0 (C=N), 1594.60 (Ar C=C), 1310.99 (CH bend), 1209.91 (C-O Phenolic),
1070.27 (C-N); 'H-NMR (400 MHz, DMSO-ds): & = 12.95 (s, 1H, OH), 8.04-7.81 (m, 4H, Ar-H
Phenolic), 7.79-6.82 (m, 10H, Ar-H), 7.46 (s, 1H, C=CH thiazole), 3.74 (s, 3H, CHz).

Selection of Animals for Neuropharmacological Study

Healthy adult Swiss Albino mice, aged 89 weeks, weighing 20-30 g, were obtained from Lacsmi
Biofarms Pvt. Ltd. [Registration No. 1277/PO/RcBt/S/09/CCSEA]. They were housed in a controlled
environment at a temperature of 22 = 2 °C on a 12-hour light/dark cycle, and humidity was maintained
between 50% and 60% (but not below 30% or exceeding 70%). The mice were provided unrestricted
access to a commercial standard diet and water. The animals were allowed to acclimatise for 24 h under
laboratory conditions before beginning the study. All experimental procedures were conducted during the
light period between 8:00 AM and 4 PM.?° The experimental protocols and procedures used in the study
were reviewed and approved by the Institutional Animal Ethics Committee (IAEC) of the St. John
Institute of Pharmacy and Research, Vevoor, Palghar, Maharashtra, India (SJIPR/IAEC/07/24-25). A total
of 42 mice were evenly distributed into seven groups (n = 6/group). The treatment groups were as follows:
Control, Disease Control (diazepam), standard (pentoxifylline), test group I (C1, 50 mg/kg), test group II
(C1, 100 mg/kg), test group III (C3, 50 mg/kg), and test group IV (C3, 100 mg/kg).

Acute Toxicity

An acute toxicity study of synthetic imidazole derivatives (C1 and C3) was conducted according to the
Organisation for Economic Co-operation and Development (OECD) Guideline No. 425, which refers to
the “Acute Oral Toxicity-Up and Down Procedure” (UDP), assessing the safety of chemicals and
substances.?®

Dose Preparation

All the doses of Synthetic Imidazole derivatives and standard drugs were prepared in a 2% v/v aqueous
solution of Tween 80. Synthetic Imidazole derivatives were evaluated for CNS depressant and
anticonvulsant effects at oral doses of 50 and 100 mg/kg.

Antioxidant Activity
DPPH Radical Scavenging Assay
Antioxidant activity was evaluated using the DPPH assay in accordance with the method of Choi et al.
(2002), with some modifications. Different concentrations of the test compounds (10-500 uM) were
mixed with methanolic DPPH solution (85 uM) and incubated at 30 °C for 30 min. The absorbance was
recorded at 517 nm using a Shimadzu UV-1900 spectrophotometer (Japan).?”-?® Ascorbic acid was used as
the standard. The % inhibition and ICso values were calculated. All experiments were performed in
triplicate.?
Percentage of DPPH radical scavenging activity was calculated using the formula:

Control (absorbance)-Sample (absorbance)

Scavenging effect( %) = Control (absorbance) x100

Evaluation of CNS Depressant Activity

Antidepressant Activity by Actophotometer

Locomotor activity was evaluated using a Digital Actophotometer (Japson/India) based on the photobeam
interruption. The enclosed area of the Actophotometer where mice move is 30 cm x 30 cm x 30 cm. The
baseline activity was recorded before the administration of any treatment, before acclimatisation. Mice
were randomly assigned to seven groups (n = 6/group) and received treatment by the peroral (p.o.) route
using oral gavage 30 min before the test. The control, disease control, and standard groups received saline
solution, diazepam (2 mg/kg), and pentoxifylline (2 mg/kg), respectively. The test groups were treated
with C1 and C3 at 50 and 100 mg/kg doses of diazepam (2 mg/kg). Each mouse was placed in an
Actophotometer for 10 min, and activity scores were recorded.?%*!
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The percentage inhibition of locomotor activity was calculated using the following formula:

Control — Treatment
Inhibition (%) = x 100
Control

Antidepressant Activity by Rotarod

The motor coordination effect was evaluated using a rotarod apparatus (Dolphin/India) rotating at 25
revolutions per minute (rpm). Mice were randomly divided into seven groups (n = 6/group), and before
any experimental treatment, the mice were trained in multiple sessions. The baseline readings were
recorded before treatment. The control, disease control, and standard groups received saline solution (0.2
mL, orally), diazepam (2 mg/kg), and pentoxifylline (2 mg/kg), respectively. The test group was treated
with C1 and C3 at 50 and 100 mg/kg doses plus diazepam (2 mg/kg) by oral gavage (p.o.) 60 min before
the test.>>33 All groups were subjected to 5 minutes in the apparatus. Fall-off time was measured in
seconds during the test.3! The percentage inhibition of time spent on the rotarod was calculated using the
following formula:

. Control — Treatment
Inhibition (%) = x 100
Control

Evaluation of Anticonvulsant Activity

PTZ-induced Seizures

The anticonvulsant activity was evaluated using the PTZ-induced seizure paradigm. Mice were randomly
divided into seven groups (n = 6 per group). Seizures were induced by intraperitoneal (i.p.) administration
of PTZ (75 mg/kg) 30 min after administration of the test compound. The control group received saline (2
mg/kg, p.o.), the disease control group received PTZ only, and the standard group received phenytoin (1
mg/kg, p.o.). The test groups were treated with C1 and C3 at doses of 50 and 100 mg/kg (p.o.) before the
PTZ challenge. Following PTZ injection, the animals were observed individually for 30 min in plexiglass
cages (25 x 15 x 10 cm). Latency to onset of tonic-clonic convulsions, duration of seizures, and mortality
were recorded. Seizure protection was defined as a delayed onset, reduced duration, or complete absence
of seizures during the observation period.>*7

Statistical Analysis
All data obtained are expressed as the mean + Standard Error of the Mean (SEM). Data from behavioural
tests were statistically analysed using two-way repeated measures ANOVA. In both cases, Tukey’s
multiple range test was used for the post-hoc analysis. A value of p < 0.05 is considered statistically
significant.

RESULTS AND DISCUSSION
Acute Toxicity
Acute oral toxicity was assessed according to the OECD Guideline 425 UDP procedure. Both Synthetic
Imidazole derivatives (C1 and C3) were administered at a dose of 2000 mg/kg to Swiss albino mice.
During the 14 days, there were no signs of toxicity or mortality. No behavioural or physiological
abnormalities were observed in any animals; therefore, derivatives of Imidazole C1 and C3 were found to
be safe at 2000 mg/kg.

In Silico Molecular Docking

The selected protein and ligand structures were docked using PyRx, and their binding affinities were
predicted. The binding affinities of C1, C2, and C3 were higher than those of the other compounds,
indicating their stronger interactions with the target (Table-1).

Compounds ranging from C1-C3 were docked with the help of the PyRx software tool and interacted with
GABA (PDB ID 8G4N), a sodium channel inactivator (PDB ID 5VBS), and antidepressants (PDB 1D
2QJU). Ligands C1 and C3 showed moderate binding affinities across all three targets compared with the
other compounds. For the protein ID 8G4N, the binding affinity scores are —8.3 and —8.1 kcal/mol for C1
and C3, respectively.

However, for the sodium channel inactivator protein (5VBS), both C1 (-9.4) and C3 (-9.3) exhibited
strong affinities, comparable to those of the best-performing ligands, suggesting good potential for
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channel inhibition. Their binding (2QJU) affinities (—8.4 each) were moderate and consistent with those
of most ligands. (Table-1). However, the derivatives Cl and C3 showed good binding affinities.
Therefore, these were selected for further studies. (Fig.-2a to 2i)

Table-1: Binding Affinities of Ligands of C1 to C10 against Different Proteins

Binding affinities of receptors and ligands
S. No. Ligand GABA rece[:ltor PDB ID | Sodium channel inactivator I?SE;{)}E a;ﬁftgx%nz?gggrs
(8G4N) PDB ID (5VBS) PDB ID (2QJU)
1 Cl -8.3 -9.4 -8.4
2 C2 -8.5 -9.3 -8.2
3 C3 -8.1 -9.3 -8.4
4 C4 -8.8 -8.6 -8.2
5 C5 -8.9 -9.1 -9.2
6 C6 -8.2 -9 -8.4
7 Cc7 -9 -8.8 -9.4
8 C8 -9 -8.9 -8.4
9 C9 -9.4 -9.1 -8.3
10 C10 -8.7 -8.4 -9.2

y
—z\ E 1 i
£
o 1075

Fig.-2c¢: 2D and 3D images of Ligand C1 and Target 2QJU Receptor Interaction
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Fig-2d: 2D and 3D images of Ligand C2 and Target 8G4N Receptor Interaction
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Fig.-2e: 2D and 3D images of Ligand C2 and Target 5VB8 Receptor Interaction
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Fig.-2h: 2D and 3D images of Ligand C3 and Target 5VB8 Receptor Interaction
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Fig.-2i: 2D and 3D images of Ligand C3 and Target 2QJU Receptor Interaction

Antioxidant Activity (%oRSA) of Test Compounds C1 and C3 using DPPH Assay

The antioxidant potential of compounds C1 and C3 was evaluated using a DPPH radical scavenging assay.
The %RSA values increased with increasing concentration for both test compounds and the standard. C1
exhibited an ICso value of 68.06%, which was lower than the standard ICso of 35.08%, indicating stronger
antioxidant activity than the standard. C3 showed an ICso value of 84.15%, also lower than the standard
ICso of 59.9%, suggesting even greater antioxidant potency than both the standard and C1. Both
compounds C1 and C3 possessed significant antioxidant activity, but C3 had significantly greater activity
than C1 (Tables-2 and 3).

Table-2: Percentage RSA of C1 and Standard

S. No. Concentration in ppm %RSA of C1 £ SEM %RSA of Standard + SEM
1 20 12.66 £ 0.26 22.9+0.77
2 40 13.60 £ 0.24 32.84 £ 0.33
3 60 14.62 £ 2.68 42.09 £0.72
4 80 14.70 £3.76 52.35+0.25
5 100 17.16 +34 57.69+£0.13

Table-3: Percentage RSA of C3 and Standard

S. No. Concentration in ppm %RSA of C3 + SEM %RSA of Standard + SEM
1 20 26.95 £ 0.68 39.11 £ 1.63
2 40 33.40+1.93 44.62 £ 0.55
3 60 42.01 £1.02 49.86 £ 2.04
4 80 47.45+£2.38 55.91+1.63
5 100 56.28 +1.02 60.61 £ 0.34

Evaluation of CNS Depressant Activity

Evaluation of CNS Depressant Activity using Actophotometer

Locomotor activity was significantly reduced in the disease control group at all time points compared
with that in the normal control group (p < 0.05), indicating the induction of motor impairment. The
standard drug (STD, 2 mg/kg) group exhibited a marked increase in locomotor activity from 1352 + 0.73
at 0 min to 1498.67 + 0.92 at 120 min, demonstrating robust central nervous system (CNS) stimulation.
The test groups treated with C1 and C3 at both 50 and 100 mg/kg showed a time-dependent increase in
activity. C3 (100 mg/kg) produced the highest activity at 120 min (1301 + 1), closely approaching that of
the standard group, suggesting potent CNS stimulant activity. C1 (100 mg/kg) also increased locomotor
activity (1299.67 £ 0.75 at 120 min), indicating dose-dependent efficacy. Overall, both C1 and C3
treatments significantly improved locomotor activity compared to the disease control and were
comparable to the standard drug, supporting their potential CNS stimulant properties (Fig.-3). This study
supports SDG 3 by developing and evaluating novel imidazole derivatives as potential antiepileptic and
antidepressant agents, with the goal of improving therapeutic options for neurological and mental health
disorders. [Data are expressed as mean + standard error of the mean (SEM). @p < 0.01, *p < 0.05, **p <
0.01, #p < 0.05, ##p < 0.05 compared to the disease control group (two-way ANOVA followed by
multiple comparisons)].
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Fig. 3: Effect of C1 and C3 Derivatives on Locomotor Activity in the Actophotometer

Evaluation of CNS Depressant Activity using the Rotarod

We assessed motor coordination and balance using the rotarod apparatus. The disease control group
exhibited a significant decrease in the fall latency (11 + 0.31 s), confirming motor impairment. In contrast,
the standard group maintained normal motor performance (44.6 + 0.43 s), comparable to the control
group (44.5 £ 0.29 s). Among the test compounds, C3 at 100 mg/kg showed the most significant
improvement in motor coordination, with a fall latency of 46.6 & 0.54 s, surpassing both the control and
standard groups. C1 (100 mg/kg) and C3 (50 mg/kg) exhibited moderate activity with fall times of (34.4 +
0.33 s) and (29.4 = 0.33 s), respectively, while C1 at 50 mg/kg showed the least improvement (28 £+ 0.92 s)
(Table-4). These results suggest that C3 has significantly higher activity, particularly at 100 mg/kg, exerts
a protective effect on motor coordination, and shows stronger muscle relaxant activity, indicating that
CNS depressants potentially reverse motor deficits. This study supports SDG 3 by developing and
evaluating novel imidazole derivatives as potential antiepileptic and antidepressant agents, with the goal
of improving therapeutic options for neurological and mental health disorders.

Table-4: Effect of C1 and C3 Derivatives on Motor Coordination in Rotarod
Groups Mice fall from the rotarod in seconds + SEM

Control group 44.5 £0.288675
Disease control group 11£0.307318

STD group 44.6 + 0.428174
C1(50mg/kg) 28 £0.918937
C1(100mg/kg) 34.4 +0.333333
C3(50mg/kg) 29.4 £0.333333
C3(100mg/kg) 46.6 + 0.542627

[Data are presented as mean + standard error of the mean (SEM). Statistical significance was assessed using one-
way analysis of variance (ANOVA) followed by multiple comparisons]

Evaluation of Anticonvulsant Activity

Pentylenetetrazol (PTZ) Induced Seizures

In the PTZ-induced seizure model, the control group exhibited rapid seizure onset (30.5 £ 0.5 s) with no

protection. The standard drug (STD) significantly delayed seizure onset (240.33 + 0.5 s, p < 0.01) and

prolonged seizure duration (5.32 + 0.26 s), offering 2 = 0.01% protection. Among test compounds, C1

(100 mg/kg) demonstrated significant anticonvulsant activity with delayed onset (30.66 + 0.3 s, p < 0.01),

increased seizure duration (2.33 £ 0.12 s), and 1.6 + 0.03% protection. C3 (100 mg/kg) also significantly

delayed seizure onset (38.8 = 0.3 s, p < 0.01) and offered 1.3 + 0.01% protection, although seizure

duration remained relatively short (1.8 + 0.29 s) (Table-5).

Table-5: Effect of C1 and C3 Derivatives on the Onset of Seizure, Duration of Seizure, and % Protection of Seizure
in the Anticonvulsant Model

Groups Onset of seizure Duration of seizure % Protection
Control group 30.5+0.5 0+0.39 0+0
STD group 240.33 £ 0.5%* 5.32 £0.26%* 24+ 0.01**
C1(50mg/kg) 20.5+0.3* 1.66 £ 0.43* 0=+0.0*
C1(100mg/kg) 30.66 £ 0.3%* 2.33 £0.12%** 1.6 +0.03**
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C3(50mg/kg) 35+0.3* 1.2 +£0.45* 0+0*
C3(100mg/kg) 38.8 £ 0.3** 1.8 +£0.20%* 1.3£0.01**
[Data are presented as mean + standard error of the mean (SEM). Statistical significance was assessed using one-
way analysis of variance (ANOVA) followed by multiple comparisons. Symbols indicate significance compared to
the disease control group: *p<0.01 and **p<0.05]

Lower doses of C1 and C3 were less effective, with C1 (50 mg/kg) showing minimal anticonvulsant
activity and C3 (50 mg/kg) showing no protection. These findings suggest that both C1 and C3 at 100
mg/kg exhibit moderate anticonvulsant effects, with C1 showing slightly greater efficacy in seizure
suppression.
CONCLUSION

The present study on the neuropharmacological evaluation of novel synthetic imidazole derivatives
demonstrated significant pharmacological activities, supporting the medical relevance of imidazole
scaffold-based antiepileptic and antidepressant activities. The imidazole derivatives C1 and C3 were
selected based on their binding energies using a computational in silico method, such as docking. The
radical scavenging antioxidant assay (DPPH assay) revealed that C3 exhibited superior free radical
scavenging activity compared with C1, which could contribute to its neuroprotective effects.
Neuropharmacological evaluations showed both derivatives produced dose-dependent CNS depressant
effects by reducing locomotor activity and impairing motor coordination, with C3 showing stronger
activity. Furthermore, in the PTZ-induced seizure model, C1:1-(4-methylthiazol-2-yl)-2.4,5-triphenyl-1H-
imidazole and C3:2-(1-(4-methylthiazol-2-yl)-4,5-diphenyl-1H-imidazol-2-yl) phenol (100mg/kg)
significantly suppressed seizures and offered substantial protection. Acute toxicity studies confirmed the
safety of both C1 and C3 at doses up to 2000 mg/kg. This study validated the neuropharmacological
potential of imidazole derivatives C1 and C3 in Swiss Albino mice, emphasising C3 as a natural CNS-
active antiepileptic and antidepressant agent. This study supports SDG-3 by developing and evaluating
novel imidazole derivatives as potential antiepileptic and antidepressant agents to improve therapeutic
options for neuropharmacological and mental health disorders. These findings provide a direction for
further studies of both C1 and C3 synergistic compounds, mechanisms of action, and clinical relevance in
neurological disorders.
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