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the treatment of epilepsy is auspicious. Different types of experimental
models have been used to assess the anticonvulsant activity of these
drugs such as Maximal electroshock seizure (MES) test,

Pentylenetetrazole (PTZ) test, kindling animal model, strychnine model etc. These models
can be either in vivo or in vitro, mechanism specific, mechanism independent, or seizure
specific. The present article explains the types of experimental models used for screening of
anticonvulsant activity of traditional drugs and some important scientifically proved Unani

anticonvulsant drugs.
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INTRODUCTION

According to WHO, Epilepsy is the world’s most common serious disorder of the brain. [t
is the second most common chronic neurological condition seen by neurologists. In India it is
estimated that about 55,00,000 people are affected with epilepsy.’? It is becoming the most

serious brain disorder and affects about 50million people and about 100 million will be
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affected at sometime in their life. Overall, it accounts for 1% of the world’s burden of

diseases, and the prevalence rate is reported at 0.5-1%."!

Epilepsy may be defined as an abrupt and transient disturbance of cerebral function with or
without loss of consciousness.* ®! It is a chronic and often progressive disorder characterized
by the periodic and unpredictable occurrence of epileptic seizures which are caused by an
abnormal discharge of cerebral neurons. Different type of seizures can be identified on the

basis of their clinical phenomena.l®!

Currently many antiepileptic drugs (AEDs) are available. However, almost one-third of the
epileptic patients remain uncontrollable and refractory to AEDs.[”) Meanwhile, most of the
epileptic patients experience serious central and peripheral adverse effects of AEDs. AEDs
have dose related & chronic toxicity involving virtually every major organ system, adverse
effects on cognition and behaviour and teratogenic effects.’] Clinically available
anticonvulsant drugs fail to control seizures in around 30% of epileptic patients, which
constitute some 15million people in the world. In most of the patients antiepileptic drugs are
prescribed for lifelong treatment as patients who become seizure free with the use of
antiepileptic drugs have higher chances of relapse following the discontinuation of
medication. Despite the introduction of new drugs, the problem of pharmacoresistance has
not been solved.”! Treatment options for epileptic seizure are limited and treatment with
modern medicines have profound side effects. Hence, the discovery and development of new
drugs with minor side effects is the need of hour. Clinical studies demonstrated safety and
efficacy of many herbal products in the treatment of seizures.”! Traditional medicines
provide a treasure of anticonvulsant drugs. A number of single and compound preparations of
traditional medicine have been used in the management of seizures since decades. Therefore,
many traditional drugs from plant origin are tested for its potential anticonvulsant activity in

experimental animal model and validated scientifically.

The use of animal seizure models is imperative in the discovery and development of new
drugs for the treatment of epileptic seizures. In recent decades despite the successful
development of various new antiepileptic drugs (AEDs), the search for new therapies with
better efficacy and tolerability remains an important goal.™® The discovery and development
of a new AED relies heavily on the preclinical use of animal models to establish efficacy and
safety prior to first trials in humans.™ Animal models deliver different purposes in epilepsy

research. Firstly, they are used in development of new antiepileptic drugs. Secondly, they are
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used to assess or evaluate specific efficacies of drugs on different type of seizures and also to
determine preclinical efficacy of new drugs during chronic administration. Moreover, animal
models are also employed to study the pharmacodynamics, mechanism of drug resistance and
also to assess whether epileptogenesis alters the adverse effect potential of a given drug.™?
Historical development of epilepsy models

PHT was the first major advance in epilepsy therapy and it was identified using an
electroshock-induced seizure model. In this model, rectangular current was applied to the
animal’s head via mouth and scalp electrodes attached to a 45-V battery and tonic seizures

were induced by it in cats.

Subsequently, in 1945, Toman and Swinyard established that once the thresholds for
electrically induced or chemically induced seizures were exceeded by >20%, the pattern and
duration of the seizures were relatively constant and free of intensity or duration of the
stimulus. This finding was imperative in the development of animal models for seizures as it
showed that drug effect on seizure pattern was indistinguishable. Hence, agents that inhibit
seizure spread would debilitate the extensor tonic component of the seizure, regardless of
how the maximal seizure is produced (i.e., electrically or chemically).

In 1946, Toman and Goodman compiled the then state-of-the-art method for identifying new
therapeutic agents and concluded that no single test could satisfactorily determine the

anticonvulsant properties of a drug.

In the early 1950s, many articles explained the properties of electrically induced seizures and
also the effect of chemical agents on them. The classic article of Swinyard et al. defined the
parameters for identifying the anticonvulsant properties of eight AEDs using a battery of four
anticonvulsant tests in rats and mice. The tests that composed the battery were maximal
electroshock seizure pattern, minimal electroshock seizure threshold, pentylenetetrazol

seizure threshold and hyponatremic electroshock seizure threshold.

By 1951, PHT had opened a new generation for the treatment of generalized tonic—clonic
seizures. It was soon followed by the discovery of trimethadione and paramethadione for
“petit mal triad”. Nevertheless, an animal model for assessing therapeutic agents for the

treatment of partial onset seizures was lacking.
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In 1952, Toman et al. outlined a “psychomotor” test in which low frequency stimulation was
subjected to mice and that produced seizures similar to those seen in patients with partial-
onset epilepsy. In this model, a rectangular pulse of 6 Hz (1-ms pulse width) and a current of
50 mA were delivered for 3 s through electrodes placed on the cornea. The mice advertised
an abnormal behavior for an average duration of 25s that the authors described as “stunned.”
The mice remained immobile and did not respond to painful stimuli. This method was
discontinued by the pharmaceutical industry as a primary screen. The animal seizure models
mentioned earlier were used to identify the majority of agents presently used for the treatment
of epileptic seizures. These models can be considered nonmechanistic in nature; that is, they
are useful for determining whether a compound prevents seizure spread or increases seizure
threshold, but they do not provide understanding into the mechanism by which they elicit
their pharmacodynamic effect.™™!

Animal models used in anti-epileptic drug research
In order to study the antiepileptic effect of drugs and discovering their mechanism of action,
various in vitro and in vivo models of epilepsy have been devised. Some of them which are

used commonly are described below.

Maximal electroshock (MES) induced convulsions

Merritt and Putnam developed the MES test and discovered the anticonvulsive effect of
diphenyl hydantoin using this test.*! This is a model of acute seizure and one of the gold
standards in early stage of antiepileptic drug screening and probably the best validated
preclinical test to predict effectiveness of drugs against Grand mal seizure. This model
identifies those compounds which prevent seizure spread.* The MES produce the spread of
seizure similar to grandmal epilepsy.*”

In MES method brief high intensity shock is applied to the head through corneal or ear
electrodes with a stimulator that either delivers constant current on constant voltage as a
frequency of 50-60 sec™. The electrodes are moistened with saline solution before application
for better conductance. All animals are stimulated with the constant current stimulator typical
stimulation parameters include 50mA in mice and 150mA in rats, 50-60 sec™, current is

delivered via corneal/ear electrodes for 0.2sec.!*®
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The MES convulsions are divided into five phases such as.
e Phase of tonic limb flexion

e Phase of tonic limb extension

e Phase of clonic convulsions

e Stupor

e Recovery or death

A substance is known to possess anticonvulsant property if it abolishes the extensor phase of

MES convulsion.*

Suppression of tonic hind limb extension is taken as a measure of efficacy in this test. Drugs
effective against generalized tonic clonic seizure such as phenytoin, Carbamazepine,
primidone and phenobarbitone are effective while Ethosuximide is ineffective in this test.

Disadvantage of the present model is that, they do not give any clue regarding mechanism of

action of the compound.

Increasing current electroshock seizure (ICES) test

Increasing current electroshock seizure test, as proposed by Kitano et al and modified by
Marwah et al was used to determine seizure-threshold current (STC) for each animal. It is a
widely used test to screen the anti-and pro-convulsant activity of a novel compound. The
potential of an agent to increase seizure-threshold current can be assessed in this test. Starting
with a current of 2 mA, electroshock was delivered to each mouse via ear electrodes as a
single train of pulses (20 Hz for 0.2 s) with linearly increasing intensity of 2 mA/2 s using an
electro-convulsometer. The current at which tonic hind limb extension (HLE) occurred was
recorded as the seizure threshold current. If no tonic HLE was observed by the current of 30
mA, electroshock was terminated and this cut-off current was used in the analysis.!”
Pentylenetetrazole (PTZ) test

Pentylenetetrazole test is a tetrazol derivative with consistent convulsive effect in large
number of animals like mice, rats, primates etc. It is believed to act by antagonizing the
inhibitory GABAergic neurotransmission. In 1944, Everett and Richard’s demonstrated that
PTZ induced seizures could be blocked by Phenobarbital and Trimethadione but not, by
phenytoin.[*?
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PTZ test is a model used for screening of drugs effective in petit mal epilepsy or absence
seizures. (18) Pharmacologically PTZ is an analeptic agent, possible mechanism of action is
potential to alter movement of chloride ions across neuronal membrane. Different routes of
administration such as i.p, i.v, s.c have been used by various investigations in this method.!**]
In the s.c. PTZ (or metrazol) seizure test, the convulsive dose of PTZ inducing a clonic
seizure of at least 5 s duration in 97% of the animals (CD97) is subcutaneously injected and
animals are observed for a period of usually 30 min after injection for the occurrence of such
a threshold seizure.™**

Stages of PTZ induced convulsion involve
e one or more isolated jerks
e generalized clonic seizure with loss of righting reflex

e maximum tonic clonic seizures

Efficacy of test drug as an anticonvulsant is measured by determining its EDsy for

suppression of clonic seizures.

Drugs effective in petitmal epilepsy like valproic acid, ethosuximide are effective in PTZ

induced convulsions while phenytoin, carbamazepines are not effective.™®

Kindling animal model

Kindling is a model of epilepsy produced by repeated administration of an initially
subconvulsive electrical or chemical stimulus that produce an increase in seizure activity,
culminating in a generalized seizure.’” The electrographic and behavioral components of
kindled seizures are thought to be similar to human partial-onset seizures. In this model, the
effect of drugs on both focal and generalized seizure types can be quantitated. Kindling is
possible in numerous species. In rats the electrode is implanted in the right amygdale for
electrical stimulation. Although kindling can be produced via electrical or chemical
stimulation of many, the most common way to produce the kindled state is stimulation of a
specific area of the amygdala via implanted electrodes. A fixed current is applied until an

after discharge is produced at the site of stimulation.™™!

During the daily electrical stimulation of amygdala, seizures develop into five stages.
e Stage-1: Immobility, eye closure, twitching of vibrissae, stereotypic sniffing

e Stage-2: Facial clonus and head nodding
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e Stage-3: Facial clonus, head nodding and forelimb clonus
e Stage-4: Rearing, often accompanied by bilateral forelimb clonus
e Stage-5: Rearing with loss of balance and failing accompanied by generalized clonic

seizures.

If the stimulation is given continuously for a few weeks, rats develop spontaneous epileptic
seizures that persists for as long as 7 months following termination of the stimulation.!*”!

There are advantages and disadvantages to the use of each species. The major advantage of
using mice is that a large number of animals can be kindled concurrently at low cost. An
additional benefit to the use of mice is that the amount of compound required for testing is
smaller than that for rats due to the size difference. In both cases, the efficacy of kindling is
dependent on several stimulus parameters, including intensity, duration and interval of the
60-Hz corneal electrode stimulation. In general, mice are stimulated for 2 s at 3 mA once
daily, whereas rats are stimulated for 4 s at 8 mA twice daily. Electrical stimulations are
continued until a Racine stage 5 generalized seizure is obtained. Typically, 10 consecutive
stage 5 seizures (rearing and falling with clonus) are observed before drug testing is done.
There is a clear progression of kindling development in rats, which is not seen in mice;

lethality in mice also is a problem.**!

Lothman et al described an alternate method in which fully kindled state in rats is produced,
the rapidly recurring hippocampal seizure (RRHS) model. The RRHS model stimulates the
hippocampus of rats with 10-strains of suprathreshold tetanic electrical stimuli every few
minutes. Seizure intensity was quantified using the duration of after discharge and the
accompanying behavioural responses. Severe limbic seizures were evoked on the first day
after the initial repeated stimulation of the hippocampus. Seizures intensified on the second

day and remained stable thereafter.

Gupta YK et al described an alternative method for Kindling; on every second day, a
subconvulsive dose of PTZ (35 mg/ kg body weight) was injected intraperitoneally for (43
days as 22 injections). When the animals showed adequate kindling then PTZ injections were
stopped.?”

Strychnine model

Strychnine-sensitive postsynaptic inhibition in higher centers of the CNS is also mediated by

glycine. Strychnine induced seizures are different from those produced by primary GABA
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antagonists since they are mainly extensor tonic, with little cortical EEG activity. These
seizures are not fully relieved by acceptable doses of any of the classical anticonvulsants

including benzodiazepines.

Yamashita et al (2004) evaluated the strychnine at a dose 0.8 mg/kg was injected
subcutaneous 60 min after the oral administration of test compounds. The animals were
observed for 30 min after injection and wild running, clonic seizures, tonic seizures and
respiratory arrest were monitored. ED50 values and 95% confidence interval of tonic
extension seizures were calculated.’®”!

Lithium-pilocarpine model

Pretreatment with lithium provokes limbic seizures following administration of pilocarpine at
subconvulsant doses and other cholinergic agoinsts, although lithium does not possess
general proconvulsant action in rats. The time of onset of severity of seizures is generalized
and reproducible. The convulsions produced always continue unabated for several hours until
death ensures.™ The severity of status epilepticus was observed every 15 min till 90 min and

thereafter every 30 min till 180 min using the following scoring system such as

Stage 0 - no response

Stage 1- fictive scratching

Stage 2- tremor

Stage 3-head nodding

Stage 4- Forelimb clonus

Stage 5- Rearing and falling back.””

It is reported that activation of muscarinic cholinergic receptors is responsible for initiation of
seizure but the mechanism accounting for the sustained maintenance osstatus epilepticus are

not known.*

Martin ED (2006) described the alternative method on lithium pretreatment, followed by one
or several low doses of pilocarpine, produces status epilepticus (SE) and chronic epilepsy
with much lower mortality rates than a single dose of pilocarpine. Pretreatment of lithium
chloride (3mEq/ kg, i.p) between 2-24 hours before pilocarpine injection potentiates the

epileptogenic action of pilocarpine and allows a 10-fold reduction in the drug dose.!*”!
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Isoniazid (INH) model

At higher dose, Isoniazid acts as convulsant in animal models.*? The compound is regarded
as a GABA-synthesis inhibitor. Clonic tonic seizures are elicited in mice which are
antagonized by anxiolytic drugs.’*”!

The mechanism of Isoniazid triggered convulsion involves interaction with pyridoxine
metabolism. It interferes with the function and supply of pyridoxine which is responsible for
epileptogenesis. Isoniazid directly binds with pyridoxine to form Isonicotinyl hydrazine.
Deficient GABA and the accumulation of glutamic acid lead to CNS excitation and seizures
in animal models. Intraperitoneal administration of 300mg kg™ of Isoniazid induces seizures

in mice.[?4

Picrotoxin model

Picrotoxin acts as a GABAA-antagonist modifying the function of the chloride ion channel of
the GABAA receptor complex. Picrotoxin induces minimal and maximal seizures in a dose -
dependent manner. In rat, doses of 8 mg/kg produce hyperactivity, body tremors and forelimb

clonus followed by tonic extension of the hind limbs and generalized tonic-clonic seizures.

Kasture et al (2002) described in mice picrotoxin (3mg/kg, s.c) was administered 30 min
prior the test drug. The parameter such as presence or absence of clonic convulsions was
studied. The protective effect of classical anticonvulsant against picrotoxin- induced seizures
has been studied while diazepam, carbamazepine and phenytoin have a protective efficacy.?”
Penicillin model

This model is useful for screening of drugs useful in petit mal epilepsy. The convulsive
properties of penicillin were first observed by Walker and Johnson. Chen et al established the
effective dose of penicillin given i.v or i.p. in rats and cats to induce experimental seizures.*”
The possible mechanism of epileptogenesis of penicillin is via blocking of the GABA’s effect
when the beta lactam ring binds to GABA receptor. Seizure activity begins after one hour of
injection. The seizures are characterized by recurrent episodes of arrested activity, staring
myoclonus, facial oral twitching & occasionally progress to generalized tonic clonic seizures.

Ethosuximide and valproate are effective in this model.[*?
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Kainic acid (KA) model

Systemic administration of the appropriate dose of KA induces generalized tonic-clonic

convulsions, teeth chattering and altered motor activity including an initial hypoactivity

which at later stage convert to hyperactivity. At this time point, a positive correlation exists

between the dose of KA and the extent of the acute neurochemical changes including

increases of 3, 4- dihydroxyphenylacetic acid and decrease in noradrenaline levels in all brain

regions investigated. By 13 hours to 2 weeks, neuronal somata degenerate and disappear in

areas such as the olfactory cortex and parts of the amygdaloid complex, hippocampal

formation, thalamus and neocortex.™?!

Common methods used to induce convulsion in animal models™?

Animal models

Methods to induce convulsion

Types of seizure

Electrical stimulation:
Maximalelectroshock(MES)
Kindling
Chemoconvulsants:
Pentylenetetrazole(PTZ)

Generalised tonic-clonic seizures
Chronic partial seizures

Myoclonic and absence seizures

Strychnine Acute simple partial seizures
. Picrotoxin Acute simple partial seizures

Invivo model - . . R

Isoniazid Clonic-tonic seizures

Lithium pilocarpine Status epilepticus

Yohimbine Clonic seizures

Bicuculline Acute simple partial seizures

4-aminopyridine Clonic-tonic seizures

n-methyl d- aspartate Status epilepticus

Penicillin Generalised tonic-clonic and absence
Invitro model Hippocampal slices Complex partial seizures

GABA receptor binding Assay

Genetic model

Photosensitive baboons
Audiogenic seizures mice
Totterer mice and seizures -prone
mouse strains Genetically
epilepsy- prone rats

Generalised tonic- clonic seizures

Scientific reports on some Unani anticonvulsant herbs

Medicinal plants used in Unani system of medicine for the treatment of epilepsy have been
scientifically proved to possess promising anticonvulsant activities in animal model. and can

be a source of newer anticonvulsants.

e Acorus calamus: Methanolic extract of Acorus calamus roots significantly increase the

latency period in seizure induced by PTZ.?) Concurrent administration of methanolic
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extract of rhizome of Acorus calamus with phenytoin and Phenobarbital showed
synergismin anticonvulsant action in mice at their non-effective doses.?

e Butea monosperma: Active constituent triterpene in hexane ethyl acetate fraction
significantly inhibited seizure induced by MES, PTZ, electrical kindling and combination
of lithium sulphate with pilocarpine nitrate while was not effective against strychnine and
picrotoxin induced convulsions.*!

e Delphinum denudatum: Ethanolic extract showed dose dependent anticonvulsant action
on seizures induced by PTZ and bicuculline while aqueous extract showed activity
against PTZ and MES induced convulsions especially inhibition of hind limb
extension. !

e Glycyrrhiza glabra: The ethanolic extract of G. glabra significantly and dose
dependently delayed the onset of clonic convulsion induced by PTZ and also protected
the rats against seizure induced by lithium pilocarpine.*®

e Hyoscyamus niger: The methanolic extract of Hyoscyamus niger produced significant
delay in the onset time of seizures, induced by picrotoxin in mice, the most effective dose
of extract was 300mg/kg b.w.1"!

e Laurus nobilis: The essential oil of the leaf of Laurus noblis has been used as an
antiepileptic remedy in traditional medicine. The scientific evaluation showed protection
of mice aginst tonic convulsions induced by MES and PTZ treatment.?®]

e Lavandula stoechas: Gilani et al validated its anticonvulsant effect. Aqueous methanolic
extract of L. stoechas flowers significantly reduced the severity and increased the latency
of onset of convulsions induced by PTZ./%!

e Mpyristica fragrans: Sonawane et al screened the spectrum of anticonvulsant activity
using animal models. In MES model, drug showed significant reduction in duration of
HLE. Similar results were obtained in PTZ model by delaying myoclonic spasm. The
delayed onset of clonic convulsions were recorded in picrotoxin model while in lithium
pilocarpine induced status epilepticus, the gradual decrease in progression as well as
severity of status epilepticus was reported with increased dose.”!

e N. Oderum: Petroleum ether extract significantly inhibited the PTZ and MES induced
convulsions.?!

e Pimpinella anisum: The essential oil of fruits of the plant was found to be anticonvulsant

as it suppressed the tonic convulsions in mice induced by PTZ and MES treatment.™?
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e Rosa damascena: Anticonvulsant activity of the essential oil of Rosa damascena on the
PTZ induced seizure in wistar rats evaluated and found that essential oil delays the start
of epileptic seizures.*

e Solanum nigrum: Aqueous extract of leaf of Mako (Solanum nigrum) was found to offer
protection against electrically, PTZ and picrotoxin induced seizure. 60mg/kg gave 75%
protection against picrotoxin induced seizure in rats and also provided complete
protection against mortality.*!

e Vitex negundo: It possesses anticonvulsant activity particularly against PTZ induced
convulsions. Moreover, the potentiation of diphenylhydantoin and valproic acid by Vitex
negundo indicates that it may be useful as an adjuvant therapy along with standard
anticonvulsants.k*®!

e Calotropis gigantia: The methanolic extract inhibited the hind limb extension induced by
MES and onset of clonic convulsion or latency of convulsion induced by PTZ.5®!

e Cuscuta reflexa: It showed significantly reduction in the duration of convulsion in tonic
seizure induced by pentylenetetrazole (30mg/kg i.p) in mice. It also reduces the tonic

extension convulsion induced by maximum electroshock induced convulsions.?”!

CONCLUSION

The above discussed models can be used to identify new drugs for treatment of epilepsy.
Animal models are playing the fundamental role in anticonvulsant screening. Animal models
provide only choices for determining which compounds should be developed; they do not
predict efficacy in the treatment of human epilepsy. The ultimate test for proof of
anticonvulsant activity necessitates the use of patients to validate the conclusions obtained

from animal models.

All AEDs available in market have some adverse side effect. AEDs have dose related &
chronic toxicity involving virtually every major organ system, adverse effects on cognition
and behaviour and teratogenic effects. Herbal anticonvulsant drug like Cuscuta reflexa,
Acorus calamus, Butea monosperma, Lavandula stoechas, Delphinum denudatum and many
more possess a remarkable anticonvulsant effect with lesser or no side effect. Hence present
study needs a synthesis and formulation of combined extract of one or more novel herbal

drugs to treat the seizure effectively.
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