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ABSTRACT

Background and objectives: In spite of growing armamentarium of antiepileptic drugs, many patients
continue to have seizures. This propels for search of novel and safe drugs for resistant and recurrent
convulsions. Calcium channel blockers have been ascribed with anticonvulsant actions. The objective of
the present study was to evaluate the anticonvulsant actions of diltiazem, nimodipine and flunarizine among
Wistar albino rats in Maximum Electroshock-induced Seizure (MES) model.

Methodology: Thirty inbred Wistar rats weighing 150-200 grams of either sex, divided into five groups
containing six rats in each. Group 3, 4 and 5 were pre-treated with diltiazem (20mg/kg), nimodipine (20mg/
kg) and flunarizine (10mg/kg) respectively. Group 2 was standard group, received phenytoin (25mg/kg).
The groups pre-treated with calcium channel blockers were compared with this standard. Group 1 was
negative control and were given normal saline. All groups were subjected to MES. During and after the
MES, the duration of flexion, duration of tonic hind limb extension and duration of clonus (in seconds) were
noted. Abolition of hind limb extension and reduction (or absence) of the clonus duration after the drug
administration were considered as anticonvulsant effect of the test drug.

Results: Rats pre-treated with diltiazem, nimodipine, flunarizine showed statistically significant reduction in
duration of hind limb extension phase and clonic seizures. Total duration of the seizures was also significantly
lower and comparable to phenytoin pre-treated rats. All rats in all groups survived the experiments indicating
the doses used during the study were not lethal

Conclusions: Diltiazem (20mg/kg), nimodipine (20mg/kg) and flunarizine (10mg/kg) have anticonvulsant
action among Wistar rats in MES model.
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Introduction

In spite of availability of considerable number of
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Many of the currently used anti-epileptic drugs are
shown to inhibit calcium channel activity®*. Theoretical
considerations and few animal model studies have
suggested that calcium channel antagonists may play arole
as anticonvulsants*. These drugs are postulated to inhibit
the positive inward burst firing activating wide range of
neurons leading to seizures. To support such theoretical
considerations, few animal model studies and clinical
studies have shown that nimodipine has anticonvulsant
property*S. Combination of calcium channel blockers
was shown to have mixed effects. Diltiazem enhances
the nimodipine’s antiseizure effects. Flunarizine inhibits
nimodipine’s effects’. During last decade of twentieth
century, there was heightened interest in evaluation of
calcium channel blockers for epilepsy at least in animal
model. There were series of research reports pertinent
to this area®'>. After the introduction of gabapentin,
topiramate, tiagibine, levetiracetam and zonisamide, the
evaluation of monotherapy for epilepsy has veined!*>'>,
However, the evaluation continued as add on therapy both
in animal model and in clinical trials'¢-"°.

There are many animal models have been developed
over the previous two decades for evaluation of the novel
anti-epileptic drugs. The maximal electroshock (MES)
model remains as an important gatekeeper for such
evaluation, in spite of the fact that it failed in levetiracetam
efficacy?. MES model has been successfully used to prove
the anticonvulsant action of plethora of plant extracts?!.
However, the evaluation of calcium channel blockers
alone was done in limited number of studies. Sahadevan
has shown the anticonvulsant action of nimodipine
in mice MES model®.
anticonvulsant effects were hitherto unevaluated in Indian
set up in rat MES model.

and flunarizine Diltiazem

The objective of the study was to evaluate the
anticonvulsant effect of diltiazem, nimodipine and
flunarizine in Wistar albino rats using MES model.

Methodology

Experiments were conducted with 36 inbred Wister
rats, in 3-4 weeks old, weighing 150-200 grams,
of either sex, were used in this study. All rats were
obtained from animal house, BLDEU’s Shri B M Patil
Medical College, Vijayapura, Karnataka state. Animals
were group housed in cages of six with water and food
supplied ad libitum. The temperature was maintained at

25° £ 1 °C and relative humidity of 41.55%. A 12:12,
light: dark cycle was following during the experiment.
The experiment was carried out during 1200-1400 hr.
Animals had free access to food and water. However,
food but not water was withdrawn 8hr before and during
the experiments.

Institutional animal ethics committee, BLDEU’s
Shri B M Patil Medical College, Vijayapura, Karnataka
state, (with CPCSEA, India registered) (approval letter
number: 32/16, dated-16.01.2016) and also Institutional
animal ethics committee, KMCH College of Pharmacy,
Coimbatore, Tamil Nadu, (approval letter number:
KMCRET/PhD/05/16-17, dated-22.02.2016) approved
the study before the start of the study

Evaluation of anticonvulsant activity-Maximum
electroshock (MES) model: The rats were pretested
prior to the drug administration for the electroshock
sensitivity. Convulsions were induced by using electro-
convulsiometer (Techno India Ltd). MES stimulation
were given using trans-auricular (ear-clip) electrodes
from the apparatus. Intensity of MES was at 150mA for
0.2 seconds, with constant voltage stimulators of 250 V.
At this intensity and duration all the control group rats
exhibited tonic hind limb extension. Only those rates
that consistently exhibited the tonic hind lime extension
in three trials on three separate days were used for the
study?!.

Rats were divided onto five groups of six each. The
division and administration of the drugs are tabulated in
the Table 1. All groups were subjected to MES.

Table 1: Description of groups and drugs
administered during the study (n = 30)

Group| Description Drug administered
Normal saline equivalent
I Control group (PO)
Phenytoin sodium 25 mg/
II Standard group ke body weight
I Diltiazem group | Diltiazem 20mg/kg (PO)
IV |Nimodipine group | Nimodipine 20mg/kg (PO)
V | Flunarizine group | Flunarizine 10mg/kg (PO)

During and after the MES, the duration of flexion,
duration of tonic hind limb extension and duration of
clonus (in seconds) were noted.
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Abolition of hind limb extension and reduction
(or absence) of the clonus duration after the drug
administration were considered as anticonvulsant effect
of the test drug.

Statistical analysis: The data obtained was expressed
as mean + standard deviation. Comparison of the data
was done by one-way ANOVA, followed by Dunnett
comparison. P value of less than 0.05 was taken as
significant.

Results

MES induced seizures: Following the ear electrode
stimulus, an immediate tonic seizure with hind limb
extension was observed in all animals of group I and
group II. There were no signs of toxicity in the control
groups. The positive control group administered with
phenytoin did not show the phase of clonic seizures. The
latency of onset of flexion, extension and clonic seizures
is tabulated in Table 2.

Table 2: Tabulation of latency and duration of seizures (expressed as mean + standard deviation in seconds)
in all the groups of rats in MES model (n = 36)

Time in seconds Recovery/

Group Flexion Extension Clonus Duration mortality

Only MES 8.167+0.47 | 11.167+3.75 | 20.667 +4.35*%* | 107+23.84 | Recovery

MES+ Phenytion 25 mg/kg 1.2+£0.68 4.83 + 1.66* 0 43 +9.33* Recovery

MES + Diltiazem 20mg/kg 1.16 £0.47 1.5+ 1.5% 4+ 2.543* 67.16 £ 14.067 | Recovery

MES + Nimodipine 20mg/kg 1.5+0.67 3.5+£2.21% 5.5 +3.86%* 69 + 14.6671 Recovery

MES + Flunarizine 10mg/kg | 1.02 +0.68 3+ 1917 13.6 + 6.28+ 75.66 £ 5.401 | Recovery
Rats pre-treated with diltiazem, nimodipine, was shown to have anticonvulsant actions in many

flunarizine showed statistically significant reduction in
duration of hind limb extension phase and clonic seizures.
Total duration of the seizures was also significantly
lower and comparable to phenytoin pre-treated rats. All
rats in all groups survived the experiments indicating the
doses used during the study were not lethal.

Discussion

Calcium channels, both L-type and T-type has been
increasingly implicated in epileptogenesis®*?. Tt is
postulated that calcium channel antagonists have anti-
seizure and neuroprotective roles. Many previous studies
have demonstrated such anti-seizure actions of calcium
channel blockers in rat MES model. Nifedipine (in doses
of 10mg/kg), amlodipine (in doses of 1-4mg/kg)!!-1%16,
felodepine (in doses of 5-10 mg/kg)'®, verapamil (in
doses of 5 mg/kg)>!>", flunarizine(in doses of 5 mg/
kg)'"!8, nicardipine (in doses of 5 mg/kg)'’, nimodipine
(in doses of 5-10 mg/kg) >¢!"18 and diltiazem (in doses
of 5-10 mg/kg) have been shown to have anti-seizure
actions in animal models. In the present study as well,
diltiazem, nimodipine and flunarizine were proven to
have anti-seizure actions.

Contrary to our findings, diltiazem was shown
to have no anticonvulsant action even with increasing
doses among mice MES model?>. However, diltiazem

other studies in the past'>'". In addition, diltiazem has
been shown to enhance the actions of oxcarbazepine'*
and topiramate'®. In the similar way, amlodipine has
been shown to be anticonvulsant when used singly®!'5.
Amlodipine also enhances the anticonvulsant actions of
lamotrigine, gabapentin and topiramate'>61°,

With patients continuing to have recurrent episodes
of convulsions while on anticonvulsant therapy, the
search for novel and safe effective in such resistant
individuals endures. In this study an attempt was
made to show the anticonvulsant effects of three
calcium channel blockers — diltiazem, nimodipine and
flunarizine. The effects in MES model, however, need
not necessarily translate to the clinical effects in epileptic
individuals. Further tests, both animal model and pre-
clinical tests, evaluating the neurotransmitter levels in
the specific areas of the brain, pathological alterations
in the neuronal cells structure and functions as proven
at least by histological and immunohistopathological
studies shall add to the findings of the present study. The
handling of free radicals in the brain and consequent
brain inflammation has been postulated as potential
epileptogenic mechanism?. Studies evaluating the
oxidative stress, both in animal model and preclinical
set up using these drugs shall make calcium channel
blockers potential drugs for epilepsy.
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Limitations of the study: Use of multiple animal models
nullifies short comings of each other and achieves better
clinical correlations in humans. Dose variations during
MES model would have provided minimum effective
dose (ED50) of the drugs. Use of standard anti-epileptic
drug in each group would have evaluated the additive
role the calcium blockers. Currently only calcium
channel blockers are used — that are rarely clinically
used as standalone therapy for epilepsy.

Conclusions

Diltiazem (20mg/kg), nimodipine (20mg/kg) and
flunarizine (10mg/kg) have anticonvulsant action among
Wistar rats in MES model

Acknowledgements

The authors thank the animal house in-charge of
BLDEU’s Shri B M Patil Medical College, Vijayapura,
Karnataka state and also the animal house, KMCH
College of Pharmacy, Coimbatore, Tamil Nadu.

Conflict of Interest: Authors declare no conflict of
interest

Source of Funding: Nil

Ethical Clearance: Institutional animal ethics
committee, BLDEU’s Shri B M Patil Medical
College, Vijayapura, Karnataka state, (with CPCSEA,
India registered) (approval letter number: 32/16,
dated-16.01.2016) and also Institutional animal ethics
committee, KMCH College of Pharmacy, Coimbatore,
Tamil Nadu, (approval letter number: KMCRET/
PhD/05/16-17, dated-22.02.2016) approved the study
before the start of the study

REFERENCES

1. Wilcox KS, Dixon-Salazar T, Sills GJ, Ben-
Menachem E, White HS, Porter RJ, et al. Issues
related to development of new anti-seizure
treatments. Epilepsia. 2013 Aug;54(0 4):24-34.

2. Kopecky BJ, Liang R, Bao J. T-type Calcium
Channel Blockers as Neuroprotective Agents.
Pflugers Arch. 2014 Apr;466(4):757-65.

3. Cain SM, Snutch TP. Voltage-Gated Calcium
Channels in Epilepsy. In: Noebels JL, Avoli M,

10.

11.

12.

13.

. El-Azab MF,

Rogawski MA, Olsen RW, Delgado-Escueta
AV, editors. Jasper’s Basic Mechanisms of the
Epilepsies [Internet]. 4th ed. Bethesda (MD):
National Center for Biotechnology Information
(US); 2012 [cited 2019 Jun 5]. Available from:
http://www.ncbi.nlm.nih.gov/books/NBK98147/

. Kutak W, Sobaniec W, Wojtal K, Czuczwar SJ.

Calcium modulation in epilepsy. Pol J Pharmacol.
2004 Feb;56(1):29-41.

. Wurpel JN, Iyer SN. Calcium channel blockers

verapamil and nimodipine inhibit kindling
in adult and immature rats. Epilepsia. 1994
Apr;35(2):443-9.

. Moreno LCG e Al, Cavalcanti IMF, Satyal P,

Santos-Magalhdes NS, Rolim HML, Freitas RM.
Acute toxicity and anticonvulsant activity of
liposomes containing nimodipine on pilocarpine-
induced seizures in mice. Neurosci Lett. 2015 Jan
12;585:38-42.

. Morén MA, Stevens CW, Yaksh TL. Diltiazen

enhances and flunarizine inhibits nimodipine’s
antiseizure effects. Eur J Pharmacol. 1989 Apr
25;163(2):299-307.

Moustafa YM. Influence of
calcium channel blockers on anticonvulsant and
antinociceptive activities of valproic acid in
pentylenetetrazole-kindled mice. Pharmacol Rep
PR. 2012;64(2):305-14.

. Sathyanarayana Rao KN, Subbalakshmi NK. An

experimental study of the anticonvulsant effect
of amlodipine in mice. Singapore Med J. 2010
May;51(5):424-8.

Kishore M S, Pushpa V H, Padmaja Shetty K,
Kalabharathi H L, Satish A M. Evluation of the
antiepileptic activity of felodepine in albino mice.
Int J Pharm Pharm Sci. 2014;6(6):498-500.

B R, M J, Y VR. Evaluation of anticonvulsant
activity of amlodipine in albino rats. Int J Basic
Clin Pharmacol. 2017 Feb 24;6(3):664-8.

Jagathi Devi N, Prasanna V. Effect of amlodipine
and indomethacin in electrical and picrotoxin
induced convulsions in mice. Int ] Med Res
Health Sci 201433592-596.

Hassan M, Masoud A. Effect of amlodipine on
the antiepileptic action of lamotrigine, gabapentin



14.

15.

16.

17.

18.

Indian Journal of Public Health Research & Development, July 2019, Vol.10, No. 7 361

and topiramate on maximal electroshock induced
seizures in mice. Natl J Physiol Pharm Pharmacol.
2014;4(3):201.

Zadrozniak A, Trojnar M, Trojnar M, Kimber-
Trojnar Z, Dudra-Jastrzebska M, Andres-Mach M,
et al. Diltiazem enhances the protective activity
of oxcarbazepine against maximal electroshock-
induced seizures in mice. J Pre-Clin Clin Res.
2008 Dec 9;2(2):147-52.

Luszczki JJ, Trojnar MK, Trojnar MP, Kimber-
Trojnar Z, Szostakiewicz B, Zadrozniak A, et
al. Effects of three calcium channel antagonists
(amlodipine, diltiazem and verapamil) on the
protective action of lamotrigine in the mouse
maximal electroshock-induced seizure model.
Pharmacol Rep PR. 2007 Dec;59(6):672—82.

Kaminski RM, Mazurek M, Turski WA, Kleinrok
Z, Czuczwar SJ. Amlodipine enhances the activity
of antiepileptic drugs against pentylenetetrazole-
induced seizures. Pharmacol Biochem Behav.
2001 Apr 1;68(4):661-8.

Czuczwar SJ, Gasior M, Janusz W, Kleinrok
Z. Influence of flunarizine, nicardipine and
nimodipine on the anticonvulsant
of (different antiepileptic drugs in mice.
Neuropharmacology. 1992 Nov;31(11):1179-83.

activity

Gasior M, Kaminski R, Brudniak T, Kleinrok
Z, Czuczwar SJ. Influence of nicardipine,
nimodipine and flunarizine on the anticonvulsant
efficacy of antiepileptics against pentylenetetrazol
in mice. J Neural Transm Vienna Austria 1996.
1996;103(7):819-31.

19.

20.

21.

22.

23.

24,

Luszczki JJ, Trojnar MK, Trojnar MP, Kimber-
Trojnar Z, Szostakiewicz B, Zadrozniak A, et al.
Effects of amlodipine, diltiazem, and verapamil
on the anticonvulsant action of topiramate against
maximal electroshock-induced seizures in mice.
Can J Physiol Pharmacol. 2008 Mar;86(3):113-21.

French JA, White HS, Klitgaard H, Holmes GL,
Privitera MD, Cole AJ, et al. Development of new
treatment approaches for epilepsy: unmet needs
and opportunities. Epilepsia. 2013 Aug;54 Suppl
4:3-12.

Castel-Branco MM, Alves GL, Figueiredo
IV, Falcao AC, Caramona MM. The maximal
electroshock seizure (MES) model in the
preclinical —assessment of potential new
antiepileptic drugs. Methods Find Exp Clin

Pharmacol. 2009 Mar;31(2):101-6.

P. Sahadevan,
experimental study of the anticonvulsant effect
of three calcium channel blockers in albino mice.
Indian J Pharmacol. 2002;34:52-5.

M.N. Rema. A comparative

Koéhling R, Straub H, Speckmann EJ. Differential
involvement of L-type calcium channels in
epileptogenesis of rat hippocampal slices during
ontogenesis. Neurobiol Dis. 2000 Aug;7(4):471—
82.

Aguiar CCT, Almeida AB, Aratjo PVP, de
Abreu RNDC, Chaves EMC, do Vale OC, et al.
Oxidative Stress and Epilepsy: Literature Review.
Oxid Med Cell Longev [Internet]. 2012 [cited
2019 Jun 5];2012. Available from: https:/www.
ncbi.nlm.nih.gov/pmc/articles/PMC3403512/



