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Abstract: Epilepsy is one of the challenging medical conditions affecting neonates, children and elderly. It has affected 1710 
to 9780/million populations within India. Although the report of this condition dates to the prehistoric era, drugs for its 
treatment are not 100% effective and more often lead to toxic effects. Therefore, a potent drug or a drug adjunct is the 
need-of-the-hour for providing effective control for this neurological condition. The aim of the present study is to evaluate 
lacidipine, a calcium channel blocker as a protective agent in seizures induced by standard models of epilepsy, namely 
maximal electroshock seizure model (MES) and Pentylenetetrazole (PTZ). Standard methods for the induction of seizures 
such as MES and PTZ were performed on male Wistar albino mice. The mice were then treated with vehicle/standard drug 
(sodium valproate)/ lacidipine. Further, the standard parameters of recovery duration were evaluated. The study revealed 
that lacidipine at a dose of 3mg/kg body weight significantly reduced the duration of hind limb tonic extension and postictal 
depression in MES. PTZ-induced seizures showed significantly reduced mean duration of hind limb tonic flexion, hind limb 
tonic extension, clonus and postictal depression. The findings from the present study suggest that lacidipine has potent 
anticonvulsant ability in better protection against MES-induced seizures over that of the PTZ-induced one. 
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1. INTRODUCTION 
 
The word epilepsy has been derived from Greek, which 
means “to seize”. This is constitutive of a set of neurological 
disorders persistent for an extended period characterized by 
seizures varying in duration 1. Physiologically, this condition is 
characterized by an epileptic discharge from the cerebral 
neurons leading to sensory, motor, or autonomic 
phenomena, which may further lead to loss of consciousness 
2. A systematic meta-analysis has revealed that incidence of 
epilepsy was 61.4 per 100,000 persons annually, with greater 
prevalence in the low-income countries 3,4. Neonates, 
children, and the elderly are at the highest risk of developing 
the disorder, with males having a greater susceptibility than 
females 5. Although epilepsy as a condition was recognized in 
the prehistoric era, advances in its etiology and treatment 
have been seeing an upward trend annually 6. Yet, treatments 
in the past have relied on superstitious and religious beliefs 
employing trephining, cupping and herbal medicines 7. Some 
of the medications used previously were withdrawn owing to 
their adverse effects 8. Some of the drugs fail to show efficacy 
leading to intolerable toxicity for the drugs, impaired 
memory function and depression in patients along with co-
morbidity in refractory patients 9. Owing to the high 
susceptibility rates, identification of a potent anti-epileptic 
drug has been in demand in the healthcare industry. 
Furthermore, recently available drugs fail to address the 
refractory epilepsy, which has risen to be a major hurdle in 
its treatment. Studies have proved that extracellular calcium 
influx triggers the epileptic activity owing to the paroxysmal 
depolarization shift (PDS). Therefore, therapies that focus on 
the inhibition of this calcium influx in turn alter the PDS, 
thereby reverting seizure spread 10. A therapy entailing 
conventional anti-epileptic drugs along with a calcium influx 
modulator has proven effective on gaining control over 
seizure as well as the other characteristics of epilepsy 11. 
Recent studies have demonstrated the use of dihydropyridine 
class of molecules in blocking calcium channels and therefore 
a potent adjuvant with the conventional therapy for treating 
seizures 12,13. In this regard, the L-type calcium channels have 
proven to be a prominent target and blocking this resulted in 
effective control of epileptic seizures. The L- type calcium 
channel antagonists lead to the blockage of spontaneous 
influx of calcium and γ-amino butyric acid (GABA)-induced 
depolarization in HH tissues causing significant antiepileptic 
activity. With this background, the present study aims to 
evaluate the antiepileptic efficacy of lacidipine, a L-type 
calcium channel blocker, in prevention of experimentally 
induced seizures. 
 
2. MATERIALS AND METHODS 
 
2.1. Chemicals 
 
Sodium valproate (Standard drug) and lacidipine were 
obtained from Sun Pharmaceuticals. Sodium valproate was 
prepared by dissolving 400 mg in 10 ml propylene glycol and 
lacidipine was dissolved in water to get a concentration of 3 
mg/kg body weight. Freshly prepared sodium valproate was 
administered at 40 mg/kg body weight orally to the 
experimental animals. Pentylenetetrazole was obtained from 
Sigma Aldrich, Bangalore and prepared by dissolving in 
distilled water. This was administered at 70 mg/kg body 
weight intraperitoneally. 
 
 

2.2. Animals 
 
36 healthy wistar albino mice weighing 20-25 grams were 
selected from the central animal facility, JSS Medical College, 
Mysore. The experiments were approved by Institutional 
Animal Ethics Committee (JSSMC/IAEC/04/December – 
2014) and conducted as per the guidelines of CPCSEA, 
Chennai, India. The animals were given food & water ad 

libitum both being withdrawn only a while prior to the 
experimentation. The experimental procedures were carried 
out after 24 hours to avoid any possible “kindling” effect. All 
the preparations except PTZ were administered orally 
whereas PTZ was administered intraperitoneally. The above 
test animals were divided into two groups such that one 
group was subjected to electroshock (50 mA intensity for 0.2 
seconds) using auricular electrodes whereas the other group 
was subjected to chemoshock using PTZ. Only those mice 
showing the convulsive responses were used for the 
experiment & divided into 3X3 groups of six animals each for 
both the experiments (electroshock and chemoshock).  
 
2.3. Experimental method 
 
2.3.1. Maximal Electroshock Seizure Model (MES) 
 
The procedure followed was according to Woodbury & 
Davenport (1955) 14. Adult albino mice (20-25gms) were 
grouped into six animals per drug dose/vehicle. The 
administration and grouping were as per Table 1. Several 
factors are known to alter seizure susceptibility such as 
endocrine, nutritional, temperature and therefore male 
animals were preferred for the experiment to reduce 
variability. The groups were administered with the respective 
drug/ vehicle orally. 30 min after the treatment, the animals 
were subjected to stimulation using trans auricular 
electrodes at a current strength 150 mA for 0.2 s. The 
various phases of epilepsy parameters mentioned previously 
were recorded. Protection percentage was evaluated by 
“abolition of hind leg tonic extension (or) extension not 
>90°” (Fig 1). The parameters studied in MES method are: 
Tonic hindlimb flexion; Tonic hindlimb extension; Clonus; 
Postictal depression [from the regainment of consciousness 
to animals could walk away]. 
 
2.3.2. Chemical Model 
 
Threshold PTZ seizures in rats & mice have long been 
considered as a model for the absence seizures because of its 
selective therapeutic response to drugs for absence seizures. 
In this study, PTZ at a dose of 75 mg/kg i.p. (dissolved in 
distilled water) was used to produce excitement, myoclonic 
jerks and clonic seizures. An occasional fatal tonic seizure 
may also occur. Seizures are produced in at least 97% of the 
animals. PTZ is given 30 minutes after the test drug. The PTZ 
response occurs about 5 to 10 minutes after administration. 
The mice are observed for half an hour post drug. 
Prolongation of duration of seizure latency was taken as an 
index of protection & indicates anticonvulsant activity of the 
test compound 15. The parameters studied in PTZ method 
are: Seizure latency (time taken for onset of seizure); 
Myoclonic Jerk duration; Clonus; Straub’s tail. 

 
3. STATISTICAL ANALYSIS 
 
Results were presented as Mean ± SEM.  One-way analysis of 
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variance (ANOVA) followed by Duncan's multiple range test 
using SPSS Software (version 21.0, Chicago, USA) was used 
for multiple comparisons. For all the tests a ‘p’ value of 0.05 
or less was considered for statistical significance 16. 
 
4. RESULTS  
 
In this study, the anticonvulsant activity of Lacidipine against 
MES- and PTZ-induced convulsions was evaluated. The 
parameters evaluated in the MES model showed (Table 2) that 
the mean duration of tonic hindlimb flexion (THLF) in the 
control group was 8.35 s whereas that of the standard drug, 
sodium valproate, reduced to 3.9 s. lacidipine reduced this 
duration to 5.63 s. Similarly, the mean duration of tonic hindlimb 
extension (THLE) in the control group was 9.11 s, that for 
sodium valproate was 1.81 s and lacidipine reduced it to 3.7 s. 
Likewise, the mean duration of clonus in the control group was 
18.45 s, standard drug reduced it to 11.5 s whereas lacidipine 
showed a reduction to 12.2 s. Further, the mean duration of 

postictal depression in the control group was 93.17 s, which was 
reduced by sodium valproate to 13.33 s and by lacidipine to 
14.6s. Overall, this study revealed that lacidipine provided 51.3% 
protection from MES-induced convulsions as against that of the 
standard drug (Table 2). Similarly, the parameters evaluated for 
PTZ- induced convulsions demonstrated (Table 3) that the mean 
duration of seizure latency in the control group was 26.3 s 
which was then increased to 85.5 s by sodium valproate and to 
46.3 s by lacidipine. In addition, the mean duration of myoclonic 
jerks in the control group was 4.7 s, 1.65 s by the administration 
of the standard drug, sodium valproate and lowered to 1.95 s 
using lacidipine treatment. Similarly, the evaluation of mean 
duration of generalized clonic seizures in the control group was 
10.83 s, which was reduced to 7.78 s by sodium valproate and to 
9.6 s by the administration of lacidipine. The postictal depression 
duration that was observed for 94.1 s reduced to 15.2 s using 
sodium valproate and to 45.2 s using lacidipine. Overall, from 
the study it was noted that lacidipine provided 45.8% protection 
against PTZ-induced convulsions (Table 3). 

 

Table 1: Summary of materials used in different types of screening methods 

Group Treatment Details 

Drug received Type of experiment 

MES-I Control Distilled water MES 

MES-II Standard Sodium valproate (40 mg/kg) MES 

MES-III Test group 1 Lacidipine 3mg/kg body weight MES 

PTZ-I Control Distilled water PTZ 

PTZ-II Standard Sodium valproate (40 mg/kg) PTZ 

PTZ-III Test group 1 Lacidipine 3mg/kg body weight PTZ 

 

Table 2: Effect of lacidipine on MES-induced seizures in Wistar albino mice 

Group Treatment Drugs Received THLF(sec) THLE(sec) Clonus (sec) 
Postictal 

depression(sec) 
Protection 

(%) 

MES-I Control Distilled water 8.35 ± 1.79c 9.11 ± 0.75 c 18.45 ± 2.02b 93.17 ± 3.13b - 

MES-II Standard 
Sodium valproate (40 
mg/kg) 

3.90 ± 0.57a 1.81 ± 3.81a 11.55 ± 0.91a 13.33 ± 3.46a 100 

MES-III Test group 1 Lacidipine (3mg/kg) 5.63 ± 2.75b 3.71 ± 0.86b 12.27 ± 4.80a 14.67 ± 3.46a 51.30 
Values are expressed as mean ± SEM. Means in the same column with distinct superscripts are significantly different (p≤0.05) 

 as separated by Duncan's multiple range test. MES: Maximal electroshock. 

 

Table 3: Effect of lacidipine on PTZ-induced seizures in Wistar albino mice 

Group Treatment 
Drugs  

Received 
Seizure 

latency(sec) 
Myoclonic 
jerks(sec) 

Clonic 
seizures 

(sec) 

Postictal 
depression 

(sec) 

Protection 
(%) 

PTZ-I Control Distilled water 26.33 ± 0.64 a 4.70 ± 1.47b 10.83 ± 0.67c 94.10 ± 0.68c - 

PTZ-II Standard 
Sodium valproate  
(40 mg/kg) 

85.07 ± 2.34c 1.65 ± 0.43a 7.78 ± 1.05a 15.20 ± 0.24a 100 

PTZ-III Test group 1 Lacidipine (3mg/kg) 46.32 ± 0.51b 1.95 ± 1.11 a 9.62 ± 2.08b 45.20 ± 0.95b 45.81 
Values are expressed as mean ± SEM. Means in the same column with distinct superscripts are significantly different (p≤0.05)  

as separated by Duncan's multiple range test.PTZ: Pentylenetetrazole. 

 

 
 

Fig 1: Maximal electroshock (MES) model showing lacidipine-induced tonic hind limb extension phase(a) and 
clonus phase(b) in Wistar albino mice 
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5. DISCUSSION 
 
The present study is the first in evaluating the anti-epileptic 
activity of lacidipine, a calcium channel blocker on MES and 
PTZ-induced convulsions. Anticonvulsant drugs currently 
available can control over 70% of cases, whereas a smaller 
population demonstrates intolerance to these drugs 17. 
Therefore, newer drugs were always on the lookout to 
optimize treatment methods for epilepsy. GABA agonists and 
calcium blockers have been studied for their beneficiary 
effects on the PTZ-induced convulsions and therefore in the 
present study, lacidipine, a calcium channel blocker, was used 
against the two standard models of epilepsy namely, MES and 
PTZ. Studies have proven the efficiency of both the models 
as standards to evaluate anti-epileptic activity with little 
difference among the results although PTZ describes the 
human exposures better than the MES model 18. Yet, while 
evaluating drugs both the models provide conclusive 
evidences and hence used in the present study. In our study, 
lacidipine at 3 mg/kg body weight administered showed a 
remarkable reduction in the phases of convulsion parameters 
when compared to that of the control group. The results 
from our study revealed that lacidipine has significantly 
decreased THLE phase as well as extensor/flexion ratio in 
MES model as compared to that of the control group. 
Similarly, it also extended the onset of myoclonic jerks, 
generalized clonic seizure, tonic generalized extensor phase 
by significantly decreasing the duration of generalized clonic 
seizure and postictal depression phase induced by PTZ, as 
compared to that of the control. Also, it was noted that 
lacidipine provided 51.3% protection against the seizures 
induced in the MES model and 45.8% protection against that 
of PTZ model when compared with the standard drug 
sodium valproate. The THLE and THLF have been used as a 
primary end point for the assessment of anti-epileptic activity 
of several drugs in generalized tonic-clonic seizures 19, 20. In a 
study by Kulkarni and George (1996) 21, the clonic seizures 
for less than 5 s were considered protective against the MES-
induced seizures. Likewise, in our study it was reduced 
relative to that of the control group suggesting its protective 
ability. All the mice recovered following the MES test. 
However, it was also noted that a few mice in the PTZ 
model died after exhibiting various phases of convulsion. 
Mortality may be probably due to a combination of factors 
which include marked depression of vital medullary centers 
by persistent high concentration of circulating PTZ, hypoxia 
and exhaustion resulting from initial and recurrent seizures. 
Similar results were obtained by several studies suggesting a 
chronic toxicity exerted by PTZ at a persistently high dosage 
22,23. Control group animals (which received propylene glycol) 
were not protected against both MES & PTZ models. The 
potential benefits of either competitive or non-competitive 
antagonists of calcium channels is not clear in bringing about 
antiseizure effects, yet competitive antagonists are expected 
to revert the antagonistic effect by the increased 
concentration of the agonist. It is suggested in several studies 
that a noncompetitive antagonist is more potent over the 
competitive one as the effects may be retained even at an 

increasing concentration of the agonist24,25. However, findings 
from our study suggest that although lacidipine is a 
competitive antagonist it has the capability to act as a potent 
agent in bringing down the seizures induced by MES as well 
as PTZ. Yet, its use as an adjunct with the standard drugs to 
reduce the toxic effects of the drugs and in turn reduces the 
seizure incidences. Furthermore, studies have suggested that 
the drugs that often present positive effects in the MES 
model by exerting activity like that of the phenytoin by 
affecting the sodium gated channels 26. Similarly, the drugs 
that prove positive on the PTZ-induced seizures exert their 
action through the GABAergic brain receptors or altering 
post-synaptic receptors for GABA. In addition, these drugs 
may also act on the calcium channels by blocking them 
thereby inhibiting the influx of calcium ions into the cells 27. In 
a study previously, several calcium channel blockers were 
evaluated for their anticonvulsant potential. It was expected 
to act by mobilization of calcium ions from intracellular 
stores thereby bringing about anticonvulsant activity28. This 
was one of the preliminary studies on anticonvulsant activity 
of dihydropyridine class of molecules. Likewise, in our study 
the action of lacidipine revealed that the compound is 
effective in reducing the seizures by a combination of the 
above-said mechanisms suggesting the promising role of 
lacidipine as a potent anti-epileptic drug. 
 
6. CONCLUSION 
 
Lacidipine, a calcium channel blocker is known to block the 
influx of calcium ions by a competitive mechanism. In this 
study, potential ability of lacidipine as an anti-epileptic agent 
was evaluated. The results suggested that the drug indeed 
provided protection against the MES- and PTZ-induced 
seizures, wherein it was more effective on the MES model 
than PTZ model. Our findings form the basis for further 
studies in understanding the mechanism of lacidipine action in 
bringing about protection against seizures during epilepsy 
conditions. Further studies on various models of epilepsy 
need to be performed in order to affirm the activity and 
extrapolate the same on human subjects.  
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