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Abstract

Aims & objective: To evaluate the effect of flupirtine in PTZ induced seizures in rats and study
the interactions of flupirtine with some antiepileptic drugs, by using subtherapeutic doses.
Methods & Material: The effects were assessed by methods of chemoshock (pentylenetetrazol)
seizures. Results: Flupirtine alone showed protection against chemoshock seizures. In
chemoshock method combined treatment of flupirtine and diazepam exerted a much stronger
protective effect than used alone. But, protection was not significant when sodium valproate,
phenobarbitone, phenytoin were given together in subtherapeutic doses and compared with
control, and addition of flupirtine and AED alone. Conclusions: Flupirtine has anticonvulsant
activity and has synergistic activity with diazepam drugs in PTZA model. Extrapolation of these

combinations in clinical practice is needed.
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Introduction

Epilepsy and Seizures are widely prevalent
medical disorders all over in the world and there
is a life time incidence of 1 — 3%.™ The term
seizure refers to transient alteration of behavior
where as epilepsy means repeated occurrence of
seizure that is periodic and unpredictable. It has
important medical, social and psychological
consequences. Around 50 million people
worldwide have epilepsy. Majority (nearly 80%)
of them are found in developing countries.
Epilepsy is the most common neurological
disorder in India. A recent report of prevalence
of active epilepsy is 3.6-8/1000 that is nearly
seven million people in India. ™ ? The burden of
epilepsy as estimated using the disability-
adjusted life years (DALYS) accounts for 1% of
the total burden of disease in the world,
excluding that due to social stigma and
isolation, that people with epilepsy (PWE) in
India face.®®

Despite the introduction of several new drugs in
the 1990s, a significant fraction of the patients
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with epilepsy continue to live with uncontrolled
seizures.®! There is no definite cure for
epilepsy. Whatever drugs are available aim at
achieving control attacks of epilepsy at an
acceptable level of tolerable side effects. This
greatly affects the quality of life of a patient in
context with intellectual skills. There is still a
need for an ideal antiepileptic agent with
properties like broad spectrum activity, rapid
onset of action, least side effects, and good oral
bioavailability and low cost. The number of
epileptologists and neurologists are very meager
for rendering services to epilepsy patients in
India.

Flupirtine is prototype of new class of drugs, the
Selective Neuronal Potassium Channel Opener
(SNEPCO). It is unique as a non opioid, non
steroidal, non-NSAID analgesic. The present
review addresses new and challenging data that
have been published during recent years. In
particular, it has been discovered that flupirtine,
in a clinically relevant dosage range, has potent
cytoprotective and neuroprotective potential as
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well as anticonvulsant,
antiparkinsonian effects. ¥
So this study has been undertaken to evaluate
the effect of flupirtine in Chemoshock seizure
induced by pentylenetetrazol (PTZ) induced
seizures and to study its interactions with
currently used antiepileptic drug and also
provide further information on
neuropharmacological ~ characterization  of
flupirtine in rats.

Materials and Methods

Drugs and Chemicals

Flupirtine {2-amino-6-[(4-fluorobenzyl) amino]
pyridin-3-yI} carbamate is a prototype of new
class of drugs, the selective neuronal potassium
channel opener (SNEPCO). Capsule Flupirtine
and Inj. Sodium Valproate purchased from Sun
Pharmaceutical Ind. Ltd, Mumbai; Inj.
Diazepam purchased from Ranbaxy
Laboratories, Sikanderpur; Inj. Phenobarbitone
purchased from Samarth PharmaPvt Ltd.
Mumbai; Inj. Phenytoin Sodium purchased from
Vulcan Laboratories Pvt. Ltd. Kolkata;
Pentylenetetrazole (PTZA) purchased from
Himedia Labs. Pvt. Ltd, Mumbai; Dimethyl
sulphoxide (DMSO) purchased from Sigma
Aldrich, Mumbai. Flupirtine was dissolved in
DMSO freshly and given intraperitoneally.
Control group of animals received same volume
of vehicle i.e. DMSO. P! Other drugs used were
injections of DMSO, diazepam, sodium
valproate, phenobarbitone sodium, phenytoin
sodium and pentylenetetrazol. Solutions of these
drugs were prepared freshly in desired strength
in water except for diazepam in which 1.5% v/v
of 95% alcohol was added. All chemicals were
of highest purity commercially available.

myorelaxant and

Animals
The study protocol was approved by
Institutional Animal Ethics Committee of

registration number: 420/01/a/CPCSEA on date:
10/12/ 2012. Male albino rats weighing between
150-200 gm were procured from National
Institute of Nutrition, Hyderabad. Rats were
housed in colony cages with free access to food
and water except 4 hours prior and during
experiment and were maintained on natural light
and dark cycle. The rats were randomly divided
into multiple groups of 10 each (n=10) and
convulsive tests were carried out between 12.00

to 14.00 hrs. Rats were repeated for convulsive
tests after a gap of 7 days. Female rats were
excluded to avoid variation in results because of
hormonal effect.Female rats are known to
eliminate several antiepileptic drugs less rapidly
than male rats. Drugs were injected
intraperitoneally (1.P.) in a volume of 0.2ml/100
gms of rats in four groups of 10 rats each:

Group I: DMSO (control group)

Group Il: Flupirtine alone (dissolved in
DMSO)

Group I11: Antiepileptic drug alone (D/V/B/P)
Group 1V: Flupirtine + Antiepileptic drugs
(DIVIBIP)

(D= Diazepam, V= Sodium Valproate, B=
Phenobarbitone sodium, P= Phenytoin sodium)
For making groups for Chemoshock method
(PTZA), we keep control and flupirtine group in
common, make Diazepam, Sodium Valproate,
Phenobarbitone sodium, Phenytoin sodium
groups and make flupirtine + diazepam,
Flupirtine + Sodium Valproate, Flupirtine +
Phenobarbitone sodium, Flupirtine + Phenytoin
sodium, hence there are in total 10 groups for
chemoshock method.

To leave scope to assess potentiation as well as
antagonism, all drugs were given in sub-
therapeutic  doses  (showing  antiepileptic
response in 10-30% rats), which was decided by
trial and error method. Convulsive tests were
carried out by following methods 30 minutes
after drug administrations. Sub-therapeutic dose
of flupirtine by PTZA method was 18 mg/ kg.

Chemoshock seizure induced by
pentylenetetrazol (PTZ)
Seizure induced by chemo convulsant

pentylenetetrazole is most useful in identifying
drugs that are effective against absence seizures
(petit mal epilepsy) in human. PTZ in a dose
causing tonic-clonic convulsions in all animals
without mortality (65 mg/kg) was injected i.p.
and the animals were subsequently placed singly
in cages and observed for tonic-clonic
convulsions for a period of 30 minutes.
Abolition of tonic clonic convulsions indicates
protective (antiepileptic) effect of a drug.

Statistical analysis: Comparison of percentage
protection was done by proportion test. ® 9
p<0.05 was considered as statistical
significance. Data was analyzed on STATA
Statistical Software (Version 13.0).
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Results

With graded doses of PTZ (pentylenetetrazol)
alone no convulsions were observed at a dose of

Flupirtine in a fixed subtherapeutic dose of 18
mg / kg in combination with graded dose of PTZ
showed no convulsions at 30, 40, 50 mg/kg.
Convulsions were observed in 30% of animals

at a dose of 60 mg/kg and 80% convulsions
were observed at 65. [Table 1]

30, 40 and 50 mg/kg of PTZ. Convulsions were
observed in 40% of animals at a dose of 60
mg/kg and 100% convulsions at a dose of 65
mg/ kg without any mortality. We chose dose 65
mg/kg over 70 mg/kg due to less mortality.

Table 1: Seizure producing effect of combination of flupirtine, with pentylenetetrazol

Flupirtine PTZ Animals convulsing Onset of convulsion Mortality
(mg/kg) (mglkg) (%) (min)

- 30 00 - 00
- 40 00 - 00
- 50 00 - 00
- 60 40 125 00
- 65 100 11 00
- 70 100 9.5 02
18 30 00 -- 00
18 40 00 -- 00
18 50 00 -- 00
18 60 30 145 00
18 65 80 125 00
18 70 80 10 01

Table 2: Effect of antiepileptic drugs against pentylenetetrazol (PTZ) in chemoshock method.
Percentage of animals protected, showing abolition of
tonic clonic phase

7] wn n wn
> > > _
Dose Number _ — = > — - = - > 2 g
mg/kg  of o o o o oo oo ao oo
Animals 2 3 2 3 33 33 233 33
. - - S S | S b | |
Drugs inGroup O O 0O 00 00 00 0O
Flupirtine 18 10 0 20 - - 0.136 - - -
Diazepam 0.5 10 0 20 30 50 0.136 0.060 0.009** 1
Valproate 50 10 0 20 20 20 0.136 0.136 0.136 0.273
Phenobarbitone 5 10 0 20 30 30 0.136 0.060 0.060 0.297
Phenytoin 6 10 0 20 20 20 0.136 0.136 0.136 0.273

*p value < 0.05 is significant; **p value < 0.01 is highly significant as compared to control group.
were given together in subtherapeutic doses and
compared with control, and addition of
flupirtine and sodium valproate alone. In case of

In chemoshock methods of convulsion rats show
20% protection with flupirtine alone and 30%
protection with diazepam alone. However, the

; . o
protection was highly significant i.e. 50% when PTZA_mduced_ convulsion rats show 30%
both drugs were given together in protection  with _phenobarblt(_)ne__ alo_ne.
subtherapeutic doses when compared with However, the protection was not S|gn.|f|_cant i.e.
control (p=0.0098**) Protection by 30% when Dboth drugs (flupirtine &

' ' phenobarbitone) were given together in

combination of flupirtine+ diazepam was not
significant when compared to addition of
flupirtine and diazepam alone. Rats show 20%
protection with sodium valproate alone.

However, the protection was not significant i.e.
20% when both drugs (flupirtine and valproate)

subtherapeutic doses when compared with
control, and addition of flupirtine and
phenobarbitone alone. Rats show 20%
protection with flupirtine alone and 20%
protection with phenytoin alone. However, the
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protection was not significant i.e. 20% when
both drugs were given together in
subtherapeutic doses when compared with
control, and addition of Flupirtine and phenytoin
alone. [Table 2]

Discussion

Results of present study are in agreement with
previous studies that demonstrate
anticonvulsants activity of Flupirtine. ™ The
present study was carried out to study
anticonvulsant effect of Flupirtine by using
animal model of parameter- PTZ induced
convulsions in sub-therapeutic dose of 18mg/kg
respectively. According to Jakovlev V (1985)
the anticonvulsive activity of Flupirtine
observed in PTZ shock test occurs after high
doses, probably cannot be considered to occur
within the analgesic dose range. 1**

Obijectives of using combination of Flupirtine
with other anticonvulsants are to achieve
synergism, to reduce the duration and severity
of suffering of patients from seizure, to broaden
the spectrum of anticonvulsant activity and to
reduce the incidence of adverse effects by using
low doses of drugs.

Thus, in the present study, the anticonvulsant
effect of Flupirtine alone and in combination
with other established anticonvulsant drugs in
subtherapeutic doses was investigated. Co-
administration of flupirtine with carbamazepine
is not advisable as carbamazepine induces
hepatic enzymes. ™! Hence study of this
combination was not done.

The mechanism of action of flupirtine has not
been clear up to now. Although flupirtine does
not have relevant affinity for any known
recognition site on the NMDA receptor complex
in binding studies, ™" *® antagonism of this
receptor has recently been discussed at length as
a possible mechanism of action of this
compound.”?! The profile of preclinical and
clinical actions (analgesic, muscle relaxant,
neuroprotective, antiepileptic and
antiparkinsonian properties) suggests that the
action of Flupirtine is connected with the
NMDA receptor. It has not been possible to
convincingly demonstrate a direct action on the
NMDA receptor to date. At a therapeutically
relevant concentration, Flupirtine activates
neuronal  inwardly rectifying  G-protein-
regulated K* channels. The spectrum of action
of the available experimental K* channel
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openers, as far as they have been investigated to
date, corresponds to that of flupirtine. These K*
channel openers also display analgesic,
neuroprotective and anticonvulsant properties.
Flupirtine activates inwardly rectifying K*
channels and thus stabilizes the resting
membrane potential. The Mg™ block of the
NMDA receptor remains in force; i.e. the
NMDA receptor is indirectly inhibited. Here in
this study possible mechanism of anticonvulsant
activity could be by activation of inwardly
rectifying K* channels along with indirect
blockade of excitatory NMDA receptor. %
Bajri¢ M, et al. (2012) showed that Flupirtine
(30 uM) modulated GABA-induced currents in
hippocampal neurons by reducing EC50 values
for GABA threefold and maximal current
amplitudes by 15%.

These results indicated that Flupirtine exerts
antiepileptic activity, modulates tonic, but not
phasic, GABAergic inhibition and blocks Kv7
channels in hippocampal neurons, and affects
GABA, receptors in a subunit-dependent
manner. !

Anticonvulsant action of Flupirtine may in some
way be related to GABA mediated inhibition
and antiepileptic drugs potentiate GABA
mediated responses i.e both Flupirtine and
antiepileptic drugs share same mechanism. This
may be taken possible explanation for
potentiation of anticonvulsant action of
benzodiazepines by Flupirtine. The clinical
significance of such potentiation needs to be
studied further.

Present study results are in accordance with
study by Naveen Kumar M, et al. (2011).He
studied the anticonvulsant action of flupirtine, in
comparison with phenytoin and DMSO as a
control in albino mice by using MES method.
Animal group with Flupirtine 79 mg/kg/po gives
33% protection in MES induces convulsions.
Unlike CNS depression, Flupirtine does not
produce clinically significant respiratory or
cardiovascular depression.™! Flupirtineis free
from abuse potential,” doesn’t impair
psychomotor performance in humans®™ and is
antioxidant and Neuroprotective. !

Flupirtine alone showed anticonvulsant action in
MES method. Flupirtine along with diazepam,
in sub-therapeutic doses exerted significant
protection against seizure induced by PTZ
method. Significant anticonvulsant activity of
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subtherapeutic doses of flupirtine with sodium
valproate, phenobarbitone, and phenytoin was
not seen when both drugs were used in sub-
therapeutic doses in PTZ method. So this
combination is not likely to have clinical
significance in absence seizures.

Conclusion

Flupirtine thus seems to be capable of
synergistic  anticonvulsant with  Diazepam
against PTZ induced chemo convulsion in rats.
Extrapolation of these combinations in clinical
practice may suggest its utility in absence
seizures as add-on drug. Conducting clinical
trials in above different subsets will reveal more
details.
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