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ABSTRACT

Background: Initial stage of seizure is due to high frequency burst of action potential, caused by long lasting
depolarization of the neuronal membrane because of large influx of calcium (Ca) ions into cells. As there is role of
calcium channels in the initiation of seizure potential, there may be role of calcium channel antagonists in treatment of
epilepsy. Therefore, we assessed the anticonvulsant effect of nimodipine and amlodipine in mice and compared it with
phenytoin and sodium valproate.

Methods: A total 42 mice were randomly divided into 7 groups with 6 mice each. Group 1 vehicle (1% CMC), group
2- phenytoin (25 mg/kg) and group 3- sodium valproate (100 mg/kg) p.o. group 4 and 5- nimodipine (4 mg/kg and 8
mg/Kkg), group 6 and 7- amlodipine (0.7 mg/kg and 1.3 mg/kg) p.o. in 1% CMC. All animals were tested for convulsions
with current strength 50 mA for 0.2 seconds, delivered by ear electrodes of electroconvulsiometer. Parameters assessed
were presence or absence of convulsions, onset of (latency to) THLE and duration of THLE in seconds, 24 hours
mortality.

Results: The difference in percentage of mice being protected from electro convulsions was found to be statistically
significant in group 5 (nimodipine 8 mg/kg), group 7 (amlodipine 1.3 mg/kg) as compared to group 1(vehicle control)
(p=0.0152). Onset of (latency to) THLE and duration of THLE, expressed as mean (in seconds) + standard deviation
(SD) and analysed using Kruskal-Wallis non-parametric test showed significant difference in latency to THLE among
the groups tested (p value <0.01) and in duration of THLE among the groups tested (p value <0.01), while post- hoc
Dunn’s test showed a statistically significant difference between latency to and duration of THLE in the nimodipine 8
mg/kg and amlodipine 1.3 mg/kg groups as compared to vehicle control group (p<0.01). No mortality seen within 24
hours of testing in any group.

Conclusions: Nimodipine 8 mg/kg and amlodipine 1.3 mg/kg showed significant anticonvulsant activity (absence of
tonic hind limb extension), delayed onset of seizures, reduced duration of seizures comparable to positive control
(phenytoin and sodium valproate) and more effective than vehicle control.
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INTRODUCTION

A seizure is a paroxysmal event due to abnormal excessive
or synchronous neuronal activity in the brain. Epilepsy
describes a condition in which a person has recurrent
seizures due to a chronic, underlying process. According
to conceptual definition of epilepsy “epileptic seizure is a
transient occurrence of signs and/or symptoms due to

abnormal excessive or synchronous neuronal activity in
the brain”.! The definition of epilepsy requires the
occurrence of at least one epileptic seizure. Incidence of
epilepsy is 0.3-0.5%, and the prevalence is 5-30 persons
per 1000.2 In India the incidence of epilepsy is around 0.2-
0.6 per 1,000 population per year as per the recent studies
done in India.?
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The initial stage of seizure is due to high frequency burst
of action potential, which is caused by long lasting
depolarisation of the neuronal membrane because of large
influx of calcium (Ca) ions into cells.? The therapy for
epilepsy is symptomatic as the available drugs only inhibit
seizures, but neither effective prophylaxis nor cure is
available as of now. The mechanisms of action of available
therapy fall into three major categories: 1) Decrease firing
of neurons mediated by promoting the inactivated state of
voltage-activated Na+ channels. 2) Enhanced GABA-A-
mediated synaptic inhibition. 3) Inhibition of voltage-
activated Ca?* channels.®

During experimental studies of seizure, it is observed that
there is increase in intracellular concentration of calcium
and a decrease in extracellular concentration of calcium.
The initiation of epileptogenic activity in the neuron is
thought to involve the normal phenomenon known as
“intrinsic burst firing”, which is activated by an inward Ca
current. It may lead to synchronous burst firing of multiple
neurons.* Hence compounds that interfere with the flow of
Ca ions may be useful in the treatment of seizures.

The existence of L type voltage dependent calcium
channels has been demonstrated in many regions of the
central nervous system (CNS) such as the cortex,
hippocampus, cerebellum, spinal cord. The calcium-
channel antagonists (CCA’s) acts on al subunit of L-type
of voltage dependent calcium channels (VDCCs) and
inhibit the entry of calcium ion (Ca?*) into the excitable
cells. It is reported that the blockade or modulation of the
function of high-voltage VDCCs (types L, N or P/Q) is
associated with the control of partial seizures with or
without secondary generalization. Among the effects of
calcium channel blockers, a reduced release of
neurotransmitters may be related to the protective efficacy
of some antiepileptic drugs.® Calcium-channel antagonists
are classified as benzothiazepines, phenylalkylamines,
dihydropyridines and piperazines. Among these
dihydropyridines namely Nimodipine is more extensively
taken up from the blood into the brain.® Nimodipine,
Amlodipine and Nifedipine belongs to the dihydropyridine
group which are one of the most commonly prescribed
CCAs in India.”

Previous studies in rats and mice have shown anti-
convulsant activity of dihydropyridines.”** As there is role
of calcium channels in the initiation of seizure potential,
there may be a role of calcium channel antagonists (CCAS)
in the treatment of epilepsy. Since we found conflicting
reports regarding anticonvulsant effect of
dihydropyridines, in order to further explore this finding
we decided to conduct this study to evaluate the
anticonvulsant effect of nimodipine and amlodipine in
swiss albino mice in our institutional setup.

Aims and objectives

To assess the anticonvulsant effect of nimodipine 4 mg/kg,
8 mg/kg p.o. and amlodipine 0.7 mg/kg, 1.3 mg/kg p.o. in

mice using maximal electroshock test and compare it with
that of phenytoin and sodium valproate.

METHODS

All the drugs in pure powder form were obtained from
Pharmaceuticals companies. Forty-two (42) male Swiss
albino mice were used for the study, which were procured
from a registered breeder. Age and weight of the mice
ranged from 6 to 8 weeks and between 20-30 grams
respectively. ldentification was done using cage tag. The
mice were housed in polypropylene cages with husk paddy
as the bedding and a stainless-steel top grill having
facilities for food and drinking water. The animals were
housed in air-conditioned rooms and were fed a standard
pellet diet, allowed to eat ad libitum. Purified water (by
Aquaguard) was provided in sterilized plastic bottles with
stainless steel sipper tubes, ad libitum.

Study design

After an initial period of acclimatization of 7 days,
screening was done. All the 42 mice were screened 24
hours prior to study to check for presence of convulsions.
Only those mice which showed presence of convulsions in
the form of tonic hind limb extension (THLE) on current
application were included in the study.’? All 42 mice
showed such convulsions and hence were eligible to be
included in the study. 42 mice weighing between 20-30
grams were randomly divided into 7 groups (6 mice per

group).

Group 1 was administered 0.2-0.3 ml of the vehicle p.o.
(1% CMC), group 2 was administered phenytoin (25
mg/kg p.o.) and group 3 was administered sodium
valproate (100 mg/kg p.o.) which were positive controls.”
Group 4 was administered nimodipine (4 mg/kg p.o.) and
group 5 was administered nimodipine (8 mg/kg p.o0.) in 1%
CMC. Group 6 was administered amlodipine (0.7 mg/kg
p.o.) and group 7 was administered amlodipine (1.3 mg/kg
p.o.) in 1% CMC.

All the groups received their respective drugs once orally.
The mice were subjected to MES test one hour after the
dose was administered

Maximal electroshock test

One hour after the dose administration, all the animals
within each group were tested for convulsions with the
current strength 50 mA for 0.2 seconds, delivered by ear
electrodes.”®* The experiment was conducted on a
wooden table in order to clearly observe the reactions in
the mice. The ears were cleaned with spirit to remove any
oil film due to sebaceous gland secretions and then with
saline for proper electric contact. On application of the
current, the mice underwent an initial phase of tonic
flexion, then a phase of tonic extension followed by a
variable clonic phase.’® In the test, the mice was observed
for convulsions in the form of tonic hind limb extension
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(i.e. the hind limbs of animals outstretched 180° to the
plane of the body axis) for 2 minutes. Presence or absence
of convulsions was noted. Mortality within 24 hours in
each group was noted. Latency to and duration of tonic
hind limb extensions in seconds was noted using a
stopwatch.

Parameters assessed were presence or absence of
convulsions, onset of THLE (latency to THLE) in seconds,
duration of THLE in seconds, 24 hours mortality in any
group. Onset of THLE (latency to THLE) in seconds was
noted using a stopwatch keeping a cut-off latency time of
20 seconds for the mice that do not show any
convulsions.®® The duration of THLE for the mice showing
no convulsions was taken as zero.

Statistical analysis

Assessment of MES test: Experimental data for the
parameters, presence or absence of convulsions and
mortality, expressed as proportions, were analysed using
Fisher’s exact test of probability. The parameters, onset of
(latency to) THLE and duration of THLE, expressed as
mean (in seconds) + standard deviation (SD), were
analysed using Kruskal-Wallis non-parametric test (as the
data obtained is not normally distributed), followed by
post-hoc Dunn’s test for multiple comparisons. A p value
of <0.05 was considered statistically significant. Statistical
analyses were performed using GraphPad InStat 3
software.

RESULTS
Presence or absence of convulsions

The data indicating the presence or absence of convulsions
is shown in Table 1.

Table 1: Incidence of convulsions in study using
maximal electroshock model.

Group Group Convulsions (THLE)

no. SlEEMIeli Present  Absent el

1 CMC1% 6 0
Phenytoin .
25mgkyg  ° 6 0.0022
Sodium

3 valproate 1 5 0.0152*
100 mg/kg
Nimodipine

¢ amgkg 2 4 0.0606
Nimodipine )

> 8 mg/kg 1 5 0.0152
Amlodipine

° 0.7mgkyg 2 4 0.0606
Amlodipine .

! 1.3 mglkg 5 0.0152

*p<0.05- statistically significant compared to group 1 by
Fisher’s exact test.

The difference in percentage of mice being protected from
electro convulsions was found to be statistically significant
in group 5 (nimodipine 8 mg/kg), group 7 (amlodipine 1.3
mg/kg) as compared to group 1 (vehicle control) (p=0.0152
by Fisher’s exact test for all comparisons).

The difference between anticonvulsant action of
nimodipine 4 mg/kg (group 4), nimodipine 8 mg/kg (group
5), amlodipine 0.7 mg/kg (group 6) and amlodipine 1.3
mg/kg (group 7) as compared to positive control (sodium
valproate 100 mg/kg) was not statistically significant (p
value=1, Fisher’s exact test) (data not shown in table).

The difference between anticonvulsant action of
nimodipine 4 mg/kg (group 4), amlodipine 0.7 mg/kg
(group 6) as compared to positive control (phenytion 25
mg/kg) was not statistically significant (p value =0.4545,
Fisher’s Exact test) and the difference between
anticonvulsant action of nimodipine 8 mg/kg (group 5),
amlodipine 1.3 mg/kg (group 7) as compared to positive
control (phenytion 25 mg/kg) was not statistically
significant (p value=1, Fisher’s exact test) (data not shown
in table).

Onset of THLE (latency to THLE) in seconds

Using a cut-off latency time limit of 20 seconds, the latency
in mice with no convulsions was taken as 20 seconds. The
data showing onset of THLE (latency to THLE) of study
are shown in Table 2.

Table 2: Onset of THLE (latency to THLE) using
maximal electroshock model.

Group Group Mean latency to

no. description THLE (insec) " ValUe
1 CMC 1% 1.89+0.1
Phenytoin 25 20.00+0.00**
mg/kg
Sodium valproate *
3 100 ma/kg 17.25+6.71
Nimodipine 4
4 ks 14.46+8.57 0.0005%
Nimodipine 8 17.38+6.39*
mg/kg
; Amlodipine 0.7 ) o510 35
mg/kg
. Amlodipine 1.3 17 57,5 o
mg/kg

$p value statistically significant using Kruskal-Wallis test;
**p value <0.001- statistically significant as compared to
control (Group 1); *p value <0.01- statistically significant as
compared to control (group 1) by post-hoc Dunn’s test for
multiple comparisons.

As shown in Table 2, there was significant difference in the
latency to THLE among the groups tested (p value <0.01,
Kruskal-Wallis test). Maximum latency to THLE was seen
in the positive control group (phenytoin 25 mg/kg)
(p<0.001, post-hoc Dunn’s test) when compared with
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vehicle control. On post-hoc Dunn’s test, there was a
statistically significant difference between the latency to
THLE in the nimodipine 8 mg/kg and amlodipine 1.3
mg/kg groups as compared to vehicle control group
(p<0.01). The difference between latency to THLE in the
nimodipine 8 mg/kg and amlodipine 1.3 mg/kg as
compared to that of positive control groups (phenytoin 25
mg/kg and sodium valproate 100 mg/kg) was not
significant.

Graphical representation of mean latency to THLE (in
seconds) of groups in study is done in Figure 1.

Onset of THLE (mean =+ SD)
30
17.26
2 1445 1738 e 1737
20
20
15
10
5 189
0
o & ) [ S )
N & & & & & &
0 8 S ¢ ©
O & g » S A B
S w %Q) &‘O Q N
A 2 S \9 &
> § § & &
& & & & s
EX S S & &

Figure 1: Onset of THLE (latency to THLE) using
maximal electroshock model.

Duration of THLE in seconds

The data showing duration of THLE (seconds) in part 1 are
shown in Table 3. Duration of THLE in mice showing no
convulsions was taken as 0. Values are expressed as
meanzSD.

Table 3: Duration of THLE using MES model.

Mean duration of

Group Group

As shown in Table 3, there was significant difference in the
duration of THLE among the groups tested (p value <0.01,
Kruskal-Wallis test). On post-hoc Dunn’s test, there was a
statistically significant difference between the duration of
THLE in the nimodipine 8 mg/kg and amlodipine 1.3
mg/kg groups as compared to vehicle control group
(p<0.01).

The difference between duration of THLE in the
nimodipine 8 mg/kg and amlodipine 1.3 mg/kg as
compared to that of positive control groups (phenytoin 25
mg/kg and sodium valproate 100 mg/kg) was not
significant. Thus, the high dose of the test drugs can be said
to possess anticonvulsant property.

Graphical representation of duration of THLE (in seconds)
of groups in study is done in Figure 2.
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description THLE (in sec) - valte
1 CMC 1% 14.35+1.72
) Phenytoin 25 5040.00%*
mg/kg
Sodium valproate *
3 100 mg/kg 1.02+2.51
Nimodipine 4
. i 3.675.67 0.00048
: Nimodipine 8 19,5 g1«
mg/kg
] Amlodipine 0.7 5 5. 7,
mg/kg
; Amlodipine 1.3 4 39,5 4
mg/kg

$p value statistically significant using Kruskal-Wallis test; **p
value <0.001- statistically significant as compared to control
(group 1); *p value <0.01- statistically significant as compared
to control (group 1) by post-hoc Dunn’s test for multiple
comparisons.

Figure 2: Duration of THLE (in seconds) using
maximal electroshock model.

24 hours mortality

There was no mortality within 24 hours of testing in any
group in the study.

DISCUSSION

In epilepsy calcium plays an important role in generating
seizures. Ca?" is a primary mediator during epileptogenesis
and status epilepticus-induced neurotoxicity. It has been
shown that epileptic depolarization of neurons is
effectively suppressed by Ca®* channel blocking agents.
The Ca?* channel inhibition by dihydropyridines exhibited
protection in experimental models of seizures. Several
animal studies have reported that dihydropyridines by
virtue of their brain penetrating property potentiate the
protective efficacy of some antiepileptic drugs like
phenytoin, carbamazepine, valproic acid etc,10:16

The therapy for epilepsy is long term, also the available
antiepileptic drugs have many side effects along with the
higher cost (newer antiepileptic).'” Dihydropyridine
calcium channel blockers on the other hand have fewer
side effect and lower cost!! Nimodipine is a
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dihydropyridine calcium channel blocker which relaxes
the cerebrovascular musculature preferentially to the
systemic vasculature and is effective in the management of
subarachnoid haemorrhage and ischaemic stroke as it is
more extensively taken up from the blood into the
brain.18:1°

The present study was planned to evaluate the
anticonvulsant action of nimodipine and amlodipine in
mice under the parameters of onset of seizures and the
duration of seizures using maximal electroshock (MES)
test model. Results presented in this study suggest that
nimodipine and amlodipine have an anticonvulsant
activity of their own with respect of delayed onset of
seizures, reduced duration of seizures.

In our study, nimodipine and amlodipine reduced the
occurrence of electro convulsions (tonic hind limb
extension) as compared to the vehicle control. The number
of mice having convulsions in nimodipine 4 mg/kg was 2
(n=6) and in 8 mg/kg was 1 (n=6), similarly number of
mice having convulsions in amlodipine 0.7 mg/kg was 2
(n=6) and in 1.3 mg/kg was 1 (n=6). This suggests that the
anticonvulsant effect could be dose dependent. The
number of animals without THLE in nimodipine 8 mg/kg
and amlodipine 1.3 mg/kg group was significant as
compared to vehicle control (p=0.0152) (Table 1). The
difference in protection offered by nimodipine 8 mg/kg
and amlodipine 1.3 mg/kg was not significant when
compared to phenytoin and sodium valproate (positive
controls) which means the effect is comparable to that of
the positive control.

A drug tested in MES model is said to have anticonvulsant
effect if it increases the latency to THLE or decreases the
duration of THLE. In our study, we found that latency to
THLE in groups nimodipine 8 mg/kg and amlodipine 1.3
mg/kg was more as compared to vehicle control group
(p<0.01). Also, the mean duration of THLE in these groups
was significantly lower compared to that of control group
(p<0.01). These findings are in accordance with the
findings of the previous parameter (number of animals
without THLE- Table 1). Thus, high doses i.e nimodipine
8 mg/kg and amlodipine 1.3 mg/kg have some
anticonvulsant activity.

Similar findings elaborating anticonvulsant activity of
nimodipine and amlodipine were reported in a few earlier
studies.

An acute single dose study conducted by Bajracharya et al,
demonstrated that amlodipine has an anticonvulsant effect
in 30 mice using maximal electroshock test.” Results
showed in MES test, amlodipine at 1 mg/kg did not show
anticonvulsant effect whereas in the higher doses of 2
mg/kg and 4 mg/kg there was decreased the duration of
tonic hind limb extension. The findings in our study were
in agreement to this, as we also found amlodipine in higher
dose (1.3 mg/kg) decreased the duration of tonic hind limb
extension.

A study conducted by Hassan et al demonstrated
antiepileptic action of amlodipine using maximal
electroshock induced seizures in mice in acute phase
study.® It was observed that amlodipine (up to 20 mg/kg)
did not affect electroconvulsive threshold in mice, thus it
has no anticonvulsant effect. The finding in our study
contradicts these observations as amlodipine was found to
be effective as anticonvulsant at higher doses.

A study conducted by Khanna et al demonstrated that in
acute studies nifedipine and nimodipine  have
anticonvulsant effect in mice using MES test and PTZ
induced seizure. Results showed that nimodipine at the
dose of 5 mg/kg and 10 mg/kg and nifedipine 10 mg/kg
exhibited anticonvulsant activity by decreasing the
duration of tonic hind limb extension in mice. But in
chronic phase only nifedipine showed anticonvulsant
activity in PTZ induced seizures. ® The results of our study
are in accordance to above mentioned study as we have
also found that nimodipine at the higher 8 mg/kg dose
exhibited anticonvulsant activity by decreasing the
duration of tonic hind limb extension in mice.

Another acute single dose study conducted by Seema et al
did not find significant elevation in seizure threshold
current in nimodipine 10 mg/kg whereas nimodipine (20
and 40 mg/kg) significantly raised the seizure-threshold
current as compared to control group, which suggests that
low dose does not possess anticonvulsant effect which
contradicts the findings of our study.’® We found
nimodipine to be effective as anticonvulsant at 8 mg/kg.

The proposed mechanism of the anticonvulsant activity of
calcium channel antagonist is that, the drugs which cross
the blood brain barrier (nifedipine, nimodipine) reach at
higher concentrations to the brain and -effectively
suppresses the epileptic depolarization of neurons.®?°
Calcium plays an important role in the release of multiple
neurotransmitters such as serotonin (5-HT), acetylcholine
(Ach), noradrenaline and dopamine from nerve terminals
and dendrites in the CNS.2%% Also it effectively
suppresses epileptic depolarization of neurons. Hence, it
can be hypothesized that a calcium channel antagonist will
block the action of these neurotransmitters by preventing
their release.

Hypertension disorders may be associated with the
development of epilepsy. Systemic hypertension is a cause
and risk factor for increased morbidity after aneurysmal
subarachnoid haemorrhage (SAH). Patients with
hypertension were associated with development of
epileptic seizures after SAH.® Also study done by
Hesdorffer et al suggest that hypertension and left
ventricular hypertrophy without treatment is associated
with an increased risk of generalized-onset unprovoked
seizure of unknown aetiology among adults.?® Hence anti-
hypertensive agents which have an anticonvulsant effect
may help in the management of epilepsy along with
hypertension.
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Further in vitro studies are required to test for the levels of
the drugs in the brain tissues to add more value to the
pharmacodynamic evidence obtained from the current
study.

The limitation of our study is that we did not evaluate the
cumulative effect of chronic administration of nimodipine
and amlodipine. Also, we did not measure the
concentration of drug of nimodipine and amlodipine in
plasma and CNS.

CONCLUSION

Findings of our study are nimodipine 8 mg/kg and
amlodipine 1.3 mg/kg showed significant anticonvulsant
activity (absence of THLE), delayed onset of seizures,
reduced duration of seizures comparable to positive control
(phenytoin and sodium valproate) and more effective than
vehicle control. However, more detailed and
comprehensive studies with larger sample sizes, multiple
experimental models and multiple doses are needed to
confirm these findings and further paving the way for
clinical studies in the future.
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