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of' OPEN ACCESS ABSTRACT
Background: Epilepsy is a chronic neurological disorder with recurrent seizures,
Corresponding Author: often refractory to existing antiepileptic drugs, necessitating exploration of novel

therapeutic targets. Calcium channel modulation is increasingly recognised in
seizure control. Nifedipine, an L-type calcium channel blocker, has shown
potential anticonvulsant effects in experimental models, but its dose-dependent
efficacy in pilocarpine-induced seizures remains insufficiently studied.

Materials and Methods: This experimental study evaluated the dose-dependent
anticonvulsant effects of nifedipine in a pilocarpine-induced seizure model in adult
zebrafish (Danio rerio). Fish were acclimatised and randomly assigned to control,
pilocarpine, diazepam standard, and nifedipine-treated groups (5, 10, and 20
mg/L). Seizures were induced using pilocarpine, and behavioural parameters,
including seizure latency, seizure severity score (0—5 scale), seizure duration, and
mortality, were recorded. Statistical analysis was performed using one-way
ANOVA and appropriate post hoc tests.

Results: Pilocarpine induced severe seizure activity characterised by reduced
latency, maximal seizure scores, prolonged seizure duration, and 35% mortality.
Diazepam significantly suppressed seizures and prevented mortality. Nifedipine
produced a significant dose-dependent anticonvulsant effect, increasing seizure
latency (65.6-140 s), reducing seizure severity (3.65-0.55), shortening seizure
duration (130.6-38.65 s), and decreasing mortality (20%—5%). The highest dose
showed effects comparable to diazepam.

Conclusion: Nifedipine demonstrated significant dose-dependent anticonvulsant
and neuroprotective effects in a zebrafish seizure model. These findings suggest
that calcium channel blockade may represent a promising adjunct or alternative
therapeutic strategy for epilepsy, warranting further preclinical and translational
studies.
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INTRODUCTION

Epilepsy is a long-term neurological disorder characterised by recurrent seizures caused by abnormal electrical activity in
the brain. Due to its effects on physical health, emotional well-being, and general quality of life, it continues to be a
significant health concern for millions of people worldwide. There is a need for safer and more effective treatment options
because many patients still do not achieve complete seizure control despite the availability of various antiepileptic
medications. I'*] Calcium ions play a crucial role in controlling nerve impulse transmission and neuronal function. Neuronal
hyperexcitability and the onset of seizures may be influenced by increased calcium entry via voltage-gated calcium
channels. Through blockade of L-type calcium channels, nifedipine, a dihydropyridine calcium channel blocker commonly
used in cardiovascular disorders such as hypertension and angina, has been shown in experimental studies to possess
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anticonvulsant and neuroprotective properties. 4 Zebrafish (Danio rerio) are widely used as an experimental model in
neurological research due to their genetic similarity to humans, ease of maintenance, rapid reproduction, and suitability for
drug screening studies. Pilocarpine-induced seizure models in zebrafish are frequently used to evaluate potential
anticonvulsant agents, as they share features with human temporal lobe epilepsy. P81 However, few studies have evaluated
the dose-dependent anticonvulsant effects of nifedipine in a pilocarpine-induced zebrafish seizure model. Therefore, the
present study was designed to assess the anticonvulsant effects of different doses of nifedipine in pilocarpine-treated
zebrafish using behavioural and locomotor parameters.

Aim of the study
The present study aimed to evaluate the dose-dependent anticonvulsant effects of nifedipine in a pilocarpine-induced
seizure model in zebrafish.

Objectives
Primary objective
e To evaluate the anticonvulsant activity of nifedipine in a pilocarpine-induced seizure model in zebrafish.

Secondary objectives
e To assess the effect of nifedipine on seizure latency.
To assess the effect of nifedipine on seizure severity score.
To assess the effect of nifedipine on seizure duration.
To evaluate mortality associated with pilocarpine-induced seizures following nifedipine treatment.
To determine the dose-dependent anticonvulsant response of nifedipine.

MATERIALS AND METHODS

Study design

This experimental study was undertaken to investigate the dose-dependent anticonvulsant activity of Nifedipine against
Pilocarpine-induced seizures in zebrafish.

Study setting
The study was conducted in Research Lab, Department of Pharmacology, Dhanalakshmi Srinivasan Medical College and
Hospital, Siruvachur under controlled laboratory conditions.

Experimental animals

Healthy adult zebrafish (Danio rerio) of either sex were selected for the study. The fish measured approximately 3—4 cm
in length and weighed around 0.3-0.5 g. They were obtained from an authorised aquarium supplier and allowed to
acclimatise to laboratory conditions for two weeks before the start of the experiment.

The zebrafish were maintained in clean glass tanks containing dechlorinated water under standard environmental
conditions. The water temperature was maintained at 26 + 2°C with a pH range of 6.8—7.5. A 14-hour light and 10-hour
dark cycle was followed throughout the study period. The fish were fed twice daily with commercially available fish feed,
and feeding was withheld overnight before experimentation. ©!

Ethical approval

The study protocol was reviewed and approved by the Institutional Animal Ethics Committee (IAEC) with reference
022/DSMCH/IAEC/RP/2025. All experimental procedures were carried out in accordance with standard ethical guidelines
for the care and handling of laboratory animals.

Grouping of animals

The zebrafish were randomly divided into six groups, each containing an equal number of fish.
e  Group I: Normal saline

Group II: Pilocarpine 300mg/L

Group III: Diazepam 5mg/L

Group IV: Nifedipine S5Smg/L

Group V: Nifedipine 10mg/L

Group VI: Nifedipine 20mg/L

Experimental procedure

Before the experiment, nifedipine was prepared in graded concentrations and used for pre-treatment. Zebrafish in the
treatment groups were exposed (immersed) to the respective concentrations of nifedipine for a predefined pre-incubation
period before pilocarpine administration to evaluate its protective anticonvulsant effects. The standard group consisted of
fish treated with diazepam. Pilocarpine solution was used to induce seizure-like activity in zebrafish as per established
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experimental protocols and validated epilepsy models.!®!! This model replicates status epilepticus through muscarinic
receptor activation, leading to sustained neuronal hyperexcitability. Each fish was monitored separately for the emergence
of seizure-like behaviour following pilocarpine injection.

Assessment of anticonvulsant activity
Seizure-related behavioural changes were observed and recorded following pilocarpine exposure. The parameters assessed
included seizure latency, seizure severity score, seizure duration, and mortality. Seizure latency was defined as the time
taken for the appearance of the first seizure-like behaviour after pilocarpine administration. Seizure severity was graded
using a behavioural scoring scale ranging from 0 to 5 based on swimming pattern and motor abnormalities. [l A
behavioural grading system based on swimming pattern and motor impairments was used to evaluate the severity of
seizures.

e Score 0: Normal swimming behaviour
Score 1: Increased swimming activity
Score 2: Jittery movement at the top of the tank
Score 3: Ataxia/Hyperactivity
Score 4: Circular swimming, circling a small area

e Score 5: Erratic burst movement with loss of posture/ cockscrew swimming [13:14)
Seizure duration was measured from seizure onset until recovery. Mortality observed during the experimental period was
recorded and expressed as percentage mortality.

Statistical analysis

Data were expressed as mean + sd. Statistical analysis was performed using one-way analysis of variance (ANOVA)
followed by appropriate post hoc analysis, the Scheffé t-test. A p-value <0.05 was considered statistically significant at
95% confidence interval. SPSS 20.0 version was used for analysis.

RESULTS

Table 1 summarises the anticonvulsant effect of nifedipine against pilocarpine-induced seizures in zebrafish. Pilocarpine
administration produced marked seizure activity, characterised by reduced seizure latency, increased seizure severity,
prolonged seizure duration, and elevated mortality. Diazepam significantly attenuated all seizure parameters and
completely prevented mortality. Nifedipine demonstrated dose-dependent neuroprotective and anticonvulsant effects, with
progressive improvement in all assessed parameters. The highest dose (20 mg/L) exhibited effects comparable to diazepam.
One-way ANOVA revealed a highly significant difference in seizure latency among groups (F(5,114) = 1604.54, p <
0.001). Post hoc Tukey analysis showed significant differences between pilocarpine control and all treatment groups (p <
0.001). The pilocarpine group exhibited the shortest latency (30.10 & 4.14 s), whereas diazepam produced the longest
latency (158.80 + 9.29 s). Nifedipine significantly increased latency in a dose-dependent manner (Graph 1). Seizure
severity scores differed significantly between groups (Kruskal-Wallis H=110.89, p < 0.001). Both diazepam and higher
doses of nifedipine significantly reduced seizure scores compared with pilocarpine control (Graph 2). Seizure duration
showed a significant difference across groups (F = 1569.57, p < 0.001), with nifedipine producing a dose-dependent
reduction in seizure duration relative to pilocarpine control (Graph 3). Mortality was highest in the pilocarpine control
group (35%), while no mortality was observed in the normal control and diazepam groups. Nifedipine reduced mortality
in a dose-dependent manner, with rates of 20%, 10%, and 5% at 5, 10, and 20 mg/L, respectively (Graph 4).

Table-1: Effect of nifedipine on pilocarpine-induced seizures in zebrafish

Seizure Duration Mortalit
Groups Latency (sec) | Score (sec)
Dose/drug (MEAN+SD) (MEAN4SD | (MEAN4SD | n %
) )
Group-1 Normal saline 0.00+0.00 0.00+ 0 0.00+0.00 0 0.00
Group-1I Pilocarpine 261.75 +
(300me/L) 30.10+4.14 540 1854 7 35.00
Group-III Diazepam 158.80+ 9.29 024041 | 1794508 |0 0.00
(5Smg/L)
Group-1V Nifedipine 130.6 +
5 mel) 65.63+7.54 365049 | o 4 20.00
Group-V Nifedipine 97.15+7.94 245+051 | 828+789 |2 10.00
(10 mg/L)
Group-VI Nifedipine 140.03+7.97 0.55+0.51 |38.65+829 |1 5.00
(20 mg/L)
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Graph-1: Effect of Nifedipine on Latency to Seizure
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Figure 3: Effect of Nifedipine on Duration of Seizures
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Graph 4: Effect of Nifedipine on Mortality
DISCUSSION

The present study demonstrates that nifedipine exhibits a significant dose-dependent anticonvulsant effect in a pilocarpine-
induced seizure model in zebrafish. Pilocarpine administration produced marked seizure activity characterised by reduced
seizure latency, increased seizure severity, prolonged seizure duration, and elevated mortality, consistent with established
experimental models of status epilepticus and temporal lobe epilepsy. The seizure pattern observed in the pilocarpine
control group closely matches previous experimental findings where pilocarpine induces status epilepticus through
muscarinic receptor activation, leading to sustained cholinergic overexcitation and neuronal hyperexcitability. %! In the
present study, this was reflected by a significantly reduced seizure latency (30.10 + 4.14 s), maximal seizure severity score
(5), prolonged seizure duration (261.75 + 18.54 s), and elevated mortality (35%), confirming successful induction of a
robust epileptic model. In contrast, nifedipine produced a clear dose-dependent anticonvulsant response. Seizure latency
progressively increased with dose (65.6 = 7.54 s at 5 mg/L to 140 + 7.97 s at 20 mg/L), while seizure severity decreased
(3.65 £ 0.49 to0 0.55 £ 0.51), and seizure duration was significantly reduced (130.6 + 14.83 s to 38.65 + 8.29 s). Mortality
also decreased in a graded manner from 20% to 5%, indicating a strong neuroprotective effect.

These findings are statistically supported by significant differences across groups, including seizure latency (F(5,114) =
1604.54, p < 0.001), seizure severity (Kruskal-Wallis H = 110.89, p < 0.001), and seizure duration (F = 1569.57, p <
0.001), confirming a consistent pharmacological effect of nifedipine across multiple seizure parameters. The observed
anticonvulsant activity of nifedipine is consistent with evidence that calcium channel blockade reduces neuronal
excitability and seizure susceptibility.>*! Calcium channel blockers have been shown to attenuate seizure severity and
reduce neuronal injury in chemically induced epilepsy models, supporting the findings of the present study.*] The present
results extend this evidence by demonstrating a clear graded pharmacological response of nifedipine in a zebrafish seizure
model, with higher doses showing effects approaching those of diazepam. The behavioural seizure patterns observed in
this study are consistent with established zebrafish epilepsy models, which describe hyperlocomotion, clonus-like activity,
and loss of posture following convulsant exposure. [*71 The behavioural scoring system used in this study aligns with
validated zebrafish seizure grading methods, confirming the suitability of this model for anticonvulsant screening. (¢!

Diazepam significantly suppressed seizure activity and completely prevented mortality, consistent with its established
GABA-A mediated anticonvulsant mechanism. In comparison, nifedipine demonstrated significant but partial seizure
suppression, with the highest dose showing effects comparable to diazepam in seizure latency and severity reduction. This
suggests that calcium channel blockade may provide an alternative or complementary mechanism for seizure control.
Pilocarpine-induced seizures resulted in the highest mortality rate (35%), consistent with severe status epilepticus
conditions.["”) Nifedipine reduced mortality in a dose-dependent manner, suggesting a neuroprotective effect against
seizure-induced systemic dysfunction. This is in agreement with experimental evidence indicating that calcium channel
inhibition may reduce neuronal injury and improve survival outcomes in seizure models. ! The anticonvulsant effect of
nifedipine may be attributed to the blockade of L-type voltage-gated calcium channels, resulting in reduced calcium influx
and decreased neuronal excitability. ) Excess intracellular calcium is a key contributor to excitotoxicity and seizure
propagation; thus, its inhibition likely plays a central role in the observed anticonvulsant and neuroprotective effects. !

However, the present study has limitations. Molecular biomarkers of oxidative stress, neuronal injury were not assessed.
Additionally, pharmacokinetic profiling of nifedipine in zebrafish was not performed. Further studies are required to
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elucidate the underlying molecular mechanisms and validate the translational potential of nifedipine in mammalian seizure
models.

CONCLUSION

The administration of Nifedipine has shown dose-dependent anticonvulsant activity in the pilocarpine-induced seizure
model in zebrafish. This drug is effective at increasing seizure latency, reducing seizure severity and duration, as well as
decreasing mortality rate in a dose-dependent manner. The maximal dose produced similar results to diazepam, indicating
anticonvulsant and neuroprotective activity. These results indicate that nifedipine can be potentially repurposed as a
therapeutic drug for seizures, but more studies need to be conducted.
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