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INTRODUCTION

Raina Jain?, Ashish Jain?*

ABSTRACT

Background: To evaluate the anticonvulsant activity of Nimodipine alone and
in combination with Phenytoin, in MES induced seizures.

Methods: The study was conducted in mice and MES seizure was induced by
Techno electroconvulsometer. In first part of study, animals were treated with
Nimodipine (20mg/kg i.p. and 40mg/kg i.p.) and Phenytoin (0.5 mg/100g i.p. and
1.0mg/100g i.p.), MES was induced and durations of various phases were noted.
Duration of Tonic hind limb extension (THLE) was taken as index for
antiepileptic activity. In second part, the animals were treated with combination
of sub effective doses of Nimodipine (20mg/kg i.p.) and Phenytoin (0.5mg/100g
i.p.), MES was induced and durations of various phases were noted.

Results: Nimodipine produced significant antiepileptic activity, in dose
dependent manner. Phenytoin produced significant antiepileptic effect in dose of
1.0mg/100g but failed to produce any such effect in dose of 0.5mg/100g, when
administered alone. But when sub effective doses.

Of Nimodipine and Phenytoin were combined, a synergistic effect was seen.
Conclusions: Nimodipine possess significant antiepileptic activity, alone, as well
as it potentiates the antiepileptic effect of Phenytoin, suggesting the novel
application of already proven safe and efficacious calcium channel blockers.
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state is the result of an abnormal and excessive
hypersynchronous firing of epileptic neurons in the brain.*

Epilepsy is the second most common neurological disorder
in India.*? John hughlingson Jackson, The father of
modern concept of epilepsy, proposed that seizures were
caused by occasional, sudden, excessive, rapid and local
discharges of gray matter. There is an important role of
synapses and defective synaptic function i.e., reduction in
inhibitory or enhancement of excitatory activity, might
lead to seizures. Many other factors were also identified,
including volume of the extracellular space as well as
intrinsic properties of neurons such as voltage regulated
ion channels, including calcium ions.® The alteration in
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The influx of calcium ions through channels in cellular
membrane plays a pivotal role in many physiological and
physiopathological processes.’ Since calcium channel
blockers have been effective in a variety of cardiovascular
ailments, it is predictable that these drugs may be of value
in treating those pathological states where over activity of
calcium channel is apparent, because the excitability of
these tissue are functionally dependent on the influx of
extracellular calcium ions.® Calcium ions play a central
role in the control of neuronal excitability.” Intensive
research has highlighted that calcium is an important factor
involved in epileptogenesis and neurotoxicity during status
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epilepticus.®® Based on the facts of the role of calcium ions
in excitability of various tissues, calcium channel
antagonists have been studied and results shows the
blockade of various aspects of epileptogenesis and are
effective anticonvulsants in a number of in-vivo
models.’*12 Thus the present study was undertaken to
investigate the anticonvulsive activity of nimodipine, a
cerebroselective DHP, blocking L type calcium channels.
BAY K-8644, an agonist at the DHP binding site of L type
calcium channel, was found to diminish the protection
offered by  conventional antiepileptic ~ drugs
(carbamazepine, diphenylhyadantoin, Phenobarbital),
against MES induced seizures, indicating that some of the
conventional antiepileptic drugs partially exerts their
anticonvulsive effects via blockade of calcium influx.*®
keeping in mind the above fact, as well as, the toxicity and
teratogenecity of PHENYTOIN, which is a conventional
antiepileptic drug, the present study was extended to see,
if there is any synergistic effect of the combination of
Nimodipine with Phenytoin, against MES induced
seizures.

METHODS
Animals

Adult, healthy swiss albino mice, aged 6-8 weeks of either
sex weighing 20-30 g were used. They were housed under
standard laboratory conditions [controlled temperature
(around 22 +/- 2°C) and humidity (50%) colony room] for
one week before experiments were started and were kept
in groups of 3-4 in per polypropylene cages. Animals were
allowed standardized diet and water ad libitum, except for
the period of experimentation.

Drugs and chemicals

e  Nifedipine (JB chemicals, Mumbai)

e  Phenytoin sodium (smarth pharma, Mumbai) — an
aqueous solution was freshly prepared in distilled
water just before use.

The animals were grouped, comprising of 10 animals in
each group. Saline treated animals were served as control.
Maximal electroshock seizure was induced by Techno-
electroconvulsometer (50 mAmp for 0.1 sec), through ear
electrode, via small alligator clips. Duration of various
phases of MES seizures (tonic flexion, tonic extension,
clonic convulsion, and post tetanic depression) were noted
with the help of stop watch.

In the first phase, the animals were treated with
Nimodipine (20mg/kg i.p.). MES was induced by techno
electroconvulsometer, 2 hours after the administration of
the drug, and various phases were noted.

In the second phase, the dose of Nimodipine was increased
to 40mg/kg, and durations of various phases MES induced
seizure were noted.

In next phase of study, animals were injected Phenytoin
(0.5mg/100g i.p.) and MES was induced 1 hr after
Phenytoin administration and various durations were
noted. This dose of Phenytoin was increased to
1.0mg/100g, and duration of various phases of MES
induced seizure was noted.

The study was further extended to see the synergistic effect
of combination of Nimodipine and Phenytoin. For this, the
animals were treated with Phenytoin (0.5mg/100g i.p.) and
Nimodipine (20mg/kg i.p.). CCB was administered 1hr
before Phenytoin administration and MES was induced 1
hr after Phenytoin administration and durations of various
phases of MES induced seizure were noted.

Results were statistically analyzed by unpaired student’s t
test. p values <0.05 were considered significant.

RESULTS

The present study was undertaken to explore the
anticonvulsant effects of Nimodipine and keeping in mind
the adverse effects, toxicity, and teratogenic effects of
Phenytoin, the study was extended to see if there is any
synergistic effect of the combination of Nimodipine with
Phenytoin, in MES induced seizures. The experimental
study was conducted in mice. Each study was conducted
with control group treated with distilled water. The
abolition or reduction of Tonic hind limb extension
(THLE) was considered as index for antiepileptic activity.

On per se administration, Phenytoin (1mg/100g i.p.)
significantly reduced the duration of THLE (p<0.001), in
all groups studied, but, in the dose of 0.5mg /100g i.p.,
Phenytoin failed to produce any significant alteration in
any phase of MES induced seizures.

When administered alone, Nimodipine, in the dose of,
20mg/kg i.p., produce significant reduction in THLE
(p<0.01), but in dose of, 40mg/kg i.p., the effect of
Nimodipine increased and there is reduction in duration of
THLE (p<0.001), in a dose dependent manner.

Table 1: Effects of different doses of nimodipine and
phenytoin on THLE.

Dose THLE '

Control 13.9+1.19

Nimodipine (20mg/kg) 8.70+0.67*
Nimodipine (40mg/kg) 2.43+1.15**
Phenytoin (0.5mg/100g) 14.0+1.4***
Phenytoin (1.0mg/100g) 2.2+1.70****

N+P (20mg/kg + 0.5mg/100g) 2.8+1.37****
Values are given as mean +SD (n=10), *p<0.05, **p<0.01,
***p>0.05, ****p<0.001 (student’s paired ‘t’ test), N =
Nimodipine, P = Phenytoin

With combined administration of subeffective doses of
Nimodipine (20mg/kg i.p.) and Phenytoin (0.05mg/100g
i.p.), potentiation of antiepileptic effect of Phenytoin was
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observed, that is, there was significant reduction in the
duration of THLE (p<0.001).

DISCUSSION

The anticonvulsant effect of calcium antagonists through
inhibition of calcium entry via voltage dependent L type
channels has been investigated in some in-vitro and in-
vivo studies.' The L type calcium channel (DHP Channel)
is part of the high voltage activated family of voltage
dependent calcium channel. This channel has four
subunits- Cav 1.1, Cav 1.2, Cav 1.3 Cav 1.4.1 Nimodipine,
which is a cerebroselective calcium antagonist that blocks
the voltage dependent L type channel. Its antiepileptic
properties have been proved in various animal models. A
statistically significant reduction in epileptic activity was
seen by Nimodipine, in Cefazoline (applied cortically)
induced epilepsy in rabbit.'® In a further study, Nimodipine
has been found to attenuate excitability by blocking
calcium influx in kainic acid induced membrane
depolarization.*” Nimodipine also proved efficient against
PTZ induced seizures.'® Anticonvulsant effect of 1,4
dihydropyridine (bis - DHP) has also been proved in male
CF1 mice, on PTZ epileptic model.*® The results of present
study were in support of the previous studies, showing
significant antiepileptic activity of NIMODIPINE, which
significantly reduced the duration of THLE (p <0.001).
Further, the potentiation of antiepileptic effect of
PHENYTOIN was observed, when sub effective doses of
Nimodipine and Phenytoin were combined. The possible
action of the anticonvulsant action of CCBs is the potent
antagonism of transmembrane calcium neurons and
disturbances in neuronal calcium conductance, which is
implicated in generation and propagation of seizure
activity.? Nimodipine is lipid soluble and can cross BBB
with ease, hence cerebrovascular effects (vasodilatation)
of Nimodipine, could provide a direct neuroprotective
effect against the damaging influx of calcium.?* Phenytoin
sodium exerts antiepileptic effect by stabilization of
neuronal membrane and thus prolongation of recovery of
inactivated sodium channels, but in high dose, it can also
block the calcium influx during depolarization.?>%
Phenytoin also inhibits post tetanic potentiation probably
by inhibiting this calcium influx.?* Phenytoin and the
classical calcium channel antagonists inhibits voltage
gated calcium influx by different but functionally linked
mechanism. Thus they have synergistic effects.?>?® To
conclude, the control of permeability of calcium ions
through DHP calcium channels is considered a strategy for
the development of anticonvulsant activity.
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