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ABSTRACT

Epileptic seizures and convulsions are widespread neurological conditions that impact a large number
of people worldwide, resulting in a substantial impact on the overall disease and disability burden.
Seizures occur worldwide at a rate of approximately 50 million incidents per year, and convulsions
make up a significant fraction of these occurrences. These diseases are defined by abrupt and
excessive electrical discharges in the brain, frequently leading to uncontrolled muscular spasms and
poor consciousness. Although there have been improvements in pharmacotherapy, there is still a
significant demand for novel anticonvulsant drugs that can target numerous pathways implicated in
the genesis of seizures.

This study assesses the anticonvulsant efficacy of a new chemical, 3-lsopropyl-2,6-
Diphenylpiperidin-4-One Oxime, using a comprehensive methodology that includes in silico docking
studies and in vivo efficacy testing with a pentylenetetrazole (PTZ)-induced seizure model. Docking
studies evaluated the compound's binding affinities compared to Diazepam, a widely recognized
anticonvulsant medication. The results obtained from experiments on living organisms showed that
3-Isopropyl-2,6-Diphenylpiperidin-4-One Oxime effectively delayed the start of seizures and
decreased their intensity. This indicates that the compound has a complex mode of action. The results
emphasize the potential of 3-Isopropyl-2,6-Diphenylpiperidin-4-One Oxime as a viable option for
further advancement in treating seizures and convulsions, a pressing requirement in global
neurological healthcare.
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INTRODUCTION:

Seizures and convulsions are prevalent neurological illnesses on a global scale, affecting
approximately 50 million individuals annually (Beghi et al., 2023). Convulsions, which involve
involuntary muscle spasms and are typically accompanied by changes in awareness, significantly
contribute to the worldwide prevalence of neurological illnesses (Riney et al., 2022). The occurrence
and frequency of the condition varied significantly between various areas, with low- and middle-
income nations experiencing higher rates. This can be attributed to reasons such as insufficient
healthcare infrastructure and a more significant occurrence of neurocysticercosis and other infectious
causes (Maloney et al., 2020). The ramifications of these disorders go beyond the individuals affected,
affecting families, healthcare systems, and society as a whole due to the resulting illness, expenses in
healthcare, and decrease in productivity.

The treatment of seizures and convulsions primarily depends on the administration of anticonvulsant
drugs, which are designed to prevent or decrease the occurrence and intensity of seizures. Frequently
employed anticonvulsants encompass carbamazepine, valproate, phenytoin, and benzodiazepines like
diazepam (Sarma et al., 2016). These medications affect different neurotransmitter systems, with
several explicitly targeting the GABAergic system to augment inhibitory neurotransmission and
stabilize neuronal activity (Perucca et al., 2023).

Although these drugs are commonly used, they do have certain limits. Approximately 20-30% of
individuals are unresponsive to current medications, meaning they see minimal to no improvement
in controlling seizures (Dang & Silverstein, 2017). Moreover, the adverse effects of numerous
medications might be significant, affecting patient adherence and overall well-being. Carbamazepine
and phenytoin have been linked to a variety of side effects, including dizziness, ataxia, and
gastrointestinal abnormalities. These medications can also cause more serious effects such liver
damage, abnormal blood cell counts, and birth defects. Valproate poses hazards of liver damage,
inflammation of the pancreas, and considerable harm to fetal development, which restricts its usage,
especially in women who are capable of becoming pregnant. Benzodiazepines, although they are
useful in the immediate treatment of seizures, are linked to drowsiness, tolerance, dependence, and
cognitive decline (Wong & Lhatoo, 2000).

The current anticonvulsant therapies have limitations, and there is a high prevalence of treatment-
resistant cases. This highlights the urgent need for new therapeutic agents that are effective and have
fewer side effects. Research is now focused on developing compounds that target multiple pathways
involved in seizure generation and propagation, aiming for a more comprehensive approach to
controlling seizures. Specifically, there is increasing interest in compounds that affect both the
GABAergic and cholinergic systems, as these neurotransmitters play crucial roles in maintaining the
balance between excitation and inhibition in the central nervous system (Malwaska, 2005. Stefan &
Feuerstein, 2007). Recent studies have explored novel compounds that have the potential to be
anticonvulsant. Imine derivatives have shown promise because they can modulate neurotransmitter
systems and interact with receptor sites that are involved in seizure activity.

Chemistry:

The compound 3-Isopropyl-2,6-Diphenylpiperidin-4-One Oxime, an imine derivative, has emerged
as an exciting candidate due to its unique chemical structure and promising preliminary data in
preclinical models.

3-1sopropyl-2,6-Diphenylpiperidin-4-One Oxime is characterized by its distinctive chemical
framework, which includes a piperidine ring—a six-membered ring with five carbon atoms and one
nitrogen atom. This ring is substituted at the 2 and 6 positions with phenyl groups, which enhances
the compound's stability and potential interaction with various biological targets (Subbaiah &

Vol.31 No. 08 (2024): JPTCP (1313-1320) Page | 1314


https://jptcp.com/index.php/jptcp/issue/view/79

Evaluation Of Anticonvulsant Properties Of Novel Imine Derivatives Of Piperidone Oximes: In-Silico And In-Vivo
Activity In Seizure Models

Meanwell, 2021). Attached at the 3-position of the piperidine ring is an isopropyl group, which may
influence the compound's lipophilicity and ability to cross the blood-brain barrier (Chia et al., 2023).
Additionally, the oxime group at the 4-position of the piperidine ring is known for its potential to
interact with neurotransmitter systems (Banerjee & Sharma, 2012), contributing to the compound’s
anticonvulsant activity. The unique combination of these structural features positions 3-Isopropyl-
2,6-Diphenylpiperidin-4-One Oxime as a potentially effective anticonvulsant agent, warranting
further investigation into its efficacy and safety profile.

MATERIAL AND METHOD:

In-Silico Docking Studies

The docking studies for the novel piperidone derivative (OX) were conducted using AutoDock Vina
(version 4.2) to evaluate the compound's binding interactions with specific protein targets associated
with antiseizure activity. Diazepam was used as a standard anticonvuslant for comparison (Divya et
al., 2022).

1. Protein Preparation:

The crystal structure of the target protein associated with antiseizure activity was retrieved from the
Protein Data Bank (PDB ID: 6H37) (Kumar et al., 2022). The structure had a resolution of 1.90 A.
Using BIOVIA Discovery Studio Visualizer (DSV), excess protein chains, water molecules, and co-
crystallized ligands were removed. Polar hydrogen atoms and Kollman charges were added to prepare
the protein for docking simulations (Sahoo et al., 2022).

2. Ligand Preparation:

The novel piperidone derivative (OX) and the standard compound Diazepam were modeled, and
energy was minimized using the MMFF94X force field method with 1000 iterations. The minimized
structures were then saved in PDB format and converted to PDBQT files using MGL Tools (Divya
et al., 2022; Sahoo et al., 2022).

3. Docking Procedure:

The docking simulations were performed using AutoDock Vina. A grid box was centered on the
protein's active site with dimensions 60 x 76 x 60 points and a spacing of 2.50 A. The genetic
algorithm's default parameters were employed to search for optimal ligand-enzyme binding modes.
The binding energies (BE) of the receptor-ligand complexes were calculated to assess the binding
affinity ((Divya et al., 2022; Sahoo et al., 2022).

In-Vivo Antiseizure Studies

1. Induction Model and Standard Group:

The antiseizure activity of the imine derivative, 3-1sopropyl-2,6-Diphenylpiperidin-4-One Oxime
(OX), was evaluated using the PTZ (pentylenetetrazole)-induced seizure model in male albino mice
(Balb/c) (Yuan et al., 2020) which were housed in Bagai Medical University Animal House under
standard optimal conditions. The PTZ model is widely recognized for mimicking generalized seizure
activity. PTZ was administered at a dose of 60 mg/kg to induce seizures, and the anticonvulsant
potential of OX was compared to Diazepam, a standard anticonvulsant, at a dose of 3 mg/kg. Three
doses of OX (5 mg/kg, 10 mg/kg, and 20 mg/kg) were tested.

2. Utilization of Modified Racine Scale:

The latency to clonic seizures was recorded, and the severity of seizures was assessed using a
modified Racine scale, which categorizes seizures based on their behavioral manifestations. The mice
were monitored for the onset of jerks, clonus, and other seizure-related behaviors, and the duration
of clonic seizures was documented. Additionally, survival rates were observed to determine the
protective effects of OX against PTZ-induced mortality (Van Erum et al., 2019).
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Results

Docking Analysis:

Docking studies were performed to investigate the binding interactions of the novel piperidone
derivative (OX) with antiseizure protein targets using AutoDock Vina software. The compound was
docked into the binding sites of the antiseizure protein target (PDB ID: 6H37). The two-dimensional
interaction plot, as shown in Figure 1, highlights the interactions between OX and the critical residues
within the protein's active site.

The compound 3-1sopropyl-2,6-Diphenylpiperidin-4-One Oxime displayed a binding energy of -7.8
kcal/mol, forming significant interactions with several key amino acids in the binding pocket. These
interactions include two conventional hydrogen bonds with the residues SER-65 and ASN-62,
alongside ten hydrophobic interactions with residues such as TRP-5, GLN-67, GLN-92, HIS-96,
VAL-143, THR-199, THR-200, PRO-201, PRO-202, and TRP-209.

The native ligand Diazepam also docked into the same protein target, demonstrated a slightly higher
binding energy of -7.4 kcal/mol. Diazepam formed hydrogen bonds with the residues ASN-62 and
GLN-67 and several hydrophobic interactions involving residues like PHE-131, VAL-143, and THR-
199.

The interactions depicted in the two-dimensional plot provided in Figure 1 give a detailed view of
how the OX compound aligns within the binding site of the antiseizure protein, engaging in crucial
hydrogen bonding and hydrophobic interactions essential for its inhibitory efficacy. These
interactions suggest that the novel piperidone derivative could serve as a potent antiseizure agent with
the potential to modulate the target protein effectively, similar to or possibly surpassing the efficacy
of Diazepam.
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Figure 1: 2D projection of the standard compound OX with an active site for Antiseizure
activity using PDB ID 6H37

Anti-seizure Analysis:

The results demonstrated in Table 2 suggest that all three doses of OX significantly delayed the onset
of seizures compared to the PTZ group. The 10 mg/kg dose of OX exhibited the most pronounced
anticonvulsant effect, reducing the duration of clonus to 4.83 + 0.31 seconds, compared to 47.33 £
0.49 seconds in the PTZ group. The 5 mg/kg and 10 mg/kg doses of OX achieved a 100% survival
rate, similar to the Diazepam group. However, the highest dose of 20 mg/kg resulted in a 50%
mortality rate, indicating potential dose-dependent toxicity.
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These findings suggest that OX exhibits significant anticonvulsant activity at lower doses, with
efficacy comparable to Diazepam, but higher doses may pose safety concerns. Graphs 1 and 2 also
depict the interpreted antiseizure potential data of OX.

Groups A B C D E F

- PTZ Diazepam 0X 0X 0X
Drug Administered Water (60 mg/kg) (3 ma/ke) (5 mg/ke) (10 mg/kg) (20 mg/kg)
Parameters evaluated
Onset of Jerks (sec) 0 68.16 +£0.91 121.16 £ 0.79** 108.83 £ 0.60** 131.5+£0.72%* 160.5 4+ 3.32%*
Onset of Clonus (sec) 0 90.33 +£0.84 O** 113.50 £ 0.68%** 135.50 + 1.5%* 191.00 + 8.84**
Duration of Clonus (sec) 0 47.33+0.49 0** 9.00 £ 0.37** 4.83+£0.31** 14.67 £ 0.76%*
Onset of Extensor (sec) 0 128.83 +0.48 O** 162.16 + 1.22%* 178.16 £ 1.47** | 260.33 + 6.06**
Jumber: of Episodes of | 114037 1334022+ 7.6+ 0.22%* 466+021%% | 15.16+0.48%*
Recovery Rate 100% 83% 100% 100% 100% 50%
Death Rate 0% 17% 0% 0% 0% 50%

Table 2 The comparison of OX with the positive control group and standard Diazepam

Where: No. of studied animals in each group n=10;
Significant level p<0.01 denoted by **; relative to control.
P-value <0.05 is considered significant.
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Graph: 1. The comparison of Anti-seizure activity observed in treatment groups (OX) at
doses of 5, 10, and 20 mg/kg with the positive control (PTZ) and Standard Diazepam

Where: No. of studied animals in each group n=10;
Significant level p<0.01 denoted by **; relative to control.
P-value <0.05 is considered significant.
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Graph 2. The comparison of the Recovery Rate observed in treatment groups (OX) at doses of
5, 10, and 20 mg/kg with positive control (PTZ) and Standard Diazepam
Where: No. of studied animals in each group n=10.

Discussion

The docking studies revealed that OX exhibited a binding affinity that was slightly better than
Diazepam when interacting with the antiseizure target (PDB ID: 6H37). OX formed stable
interactions, including hydrophobic interactions and hydrogen bonds with critical residues in the
binding pocket. This suggests that OX has a solid potential for binding effectively to the target protein,
which could underlie its antiseizure activity. The binding energy of -7.8 kcal/mol for OX, compared
to -7.4 kcal/mol for Diazepam, indicates a favorable interaction, suggesting that OX could be a potent
inhibitor of the target protein (Nune-Alves et al., 2021).

In the PTZ-induced seizure model, OX demonstrated significant antiseizure activity across the tested
doses. The compound notably delayed the onset of seizures and reduced the severity and duration of
convulsive episodes, particularly at doses of 10 mg/kg. This effect was comparable to that observed
with Diazepam, a widely used standard anticonvulsant, indicating that OX has similar, if not superior,
efficacy in managing seizure activity.

Interestingly, while lower doses of OX (5 and 10 mg/kg) were associated with 100% survival rates,
the highest dose (20 mg/kg) resulted in a 50% mortality rate. This dose-dependent toxicity
underscores the importance of careful dosing and further investigation into the safety profile of OX.
The reduced duration of clonus and the delayed onset of both jerks and extensor seizures across the
lower doses indicate that OX effectively modulates seizure activity, likely through mechanisms that
warrant further exploration.

The comparative analysis with Diazepam highlights the potential of OX as a novel antiseizure agent.
While Diazepam is well-established for its rapid action in acute seizure management, OX's ability to
achieve similar outcomes in the PTZ model with different dosing regimens suggests that it may offer
a viable alternative, especially in cases where conventional benzodiazepines are contraindicated or
lead to tolerance and dependence issues.

Conclusion

This study provides compelling evidence supporting the antiseizure potential of 3-lsopropyl-2,6-
Diphenylpiperidin-4-One Oxime. The compound's efficacy, demonstrated through both in silico
docking studies and in vivo PTZ-induced seizure models, positions it as a promising candidate for
further development. However, the observed dose-dependent toxicity at higher concentrations
underscores the need for additional research to optimize dosing strategies and evaluate long-term
safety.
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Given the high global burden of seizure disorders and the limitations of current pharmacotherapies,
the development of new agents like OX could represent a significant advancement in neurology.
Future studies should focus on elucidating the precise mechanisms of action, long-term safety, and
potential clinical applications of OX, emphasizing its use in treatment-resistant cases.

This research contributes to the growing body of literature on novel antiseizure agents. It highlights
the importance of exploring new chemical entities with unique mechanisms of action to address the
unmet needs in seizure management.
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