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Abstract: Research into epilepsy and development of antiepileptic drugs
relies heavily on studies in experimental animals. Though the conventional
pentylenetetrazole-induced seizures and electroshock-induced seizures
remain the mainstay of any antiepileptic drug screening protocol,
considering the diversity of seizure types and underlying pathologies
encountered in epilectics, numerous other seizure models have been
developed. Some of these experimental models of seizures and
considerations governing their selection are reviewed.
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INTRODUCTION

Epilepsy is one of the most common
disorders of the central nervous system,
worldwide. Though, the advent of newer
techniques in neurobiology has provided
some insight into the pathophysiology
of epilepsies, many aspects of this
phenomenon still remain unknown. It is,
therefore, not surprising that the currently
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experimental models
anticonvulsants

used antiepileptic drugs fail to provide
satisfactory seizure control for nearly 15 to
20% patients with epilepsy especiaIly those
of partial epilepsies (1). For such patients,
combinations of antiepileptic drugs are often
prescribed in attempts to improve seizure
control. However, toxicities associated with
these drugs can further compromise quality
of life while drug-drug interactions may
complicate clinical management.
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Fig. 1: Classification of experimental seizure models.

Thus there is an ever increasing need
for research into the pathophysiology of
epilepsy and newer molecules for treating
epileptic seizures. For this suitable animal
experimental models of seizures are
required.

Experimental models used for seizure studies

Innumerable in vitro and in vivo models
of seizures have been described over the
years. The in vitro models include brain
slices, monosynaptic systems and neurunal
cultures. These are however, more suited
for studying the specific epileptogenic
mechanisms ego paroxysmal depolarizing
shifts, post-tetanic and long term
potentiation, inhibition of GABA and glycine
responses and spontaneous repetitive firing
etc (2).

The In ULVO models on the other hand
employ diverse animal species like mice,
rats, guinea pigs, gerbils, cats, dogs,
monkeys etc. and use different physical and
chemical/pharmacological stimuli to induce
seizures. Some of these animal models of
seizures are discussed.

An Ideal Animal Model of Seizures

Most animal models can not mimic all
the pathophysiological, behavioural,
electrophysiological and neurochemical
alterations of the spontaneous human
epileptic syndrome. Therefore, while a select
few are used for routine screening of
anticonvulsant compounds, some other help
characterize or effect an understanding of
mechanisms underlying epileptogenesis. In
case of antiepileptic drug development, once
a compound appears promising, a ,battery

TABLE I : Characteristics of ideal model of seizures.

1. Developm'ent of spontaneously occuring recurrent
seizures.

2. Seizure type similar in clinical phen'omenology to
those in human epilepsy.

3. Age-dependent onset of epilepsy as in generalized
epileptic syndromes in man.

4. Clinical seizures should be accompained by
epileptiform activity in the EEG.

5. Pharmacokinetics of antiepileptic drugs should be
similar to those in humans.

6. Effective plasma concentration of antiepileptic
drugs similar to those required for controlling the
p:ll'ticular seizure type in humans.
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Fig. 2: Types of Electrical Seizures

Types of Animal Models of Epilepsy

Electrically - induced seizures

In threshold test, the ability of a drug
to alter the seizure threshold for tonic hind
limb extension is determined as, the current
or voltage inducing hind limb extension in
50% of the animals (5). This test is a better
predictor of generalized seizures of
grandmal type and is much more sensitive
to drugs than the MES test. Furthermore,
threshold tests allow detection of
proconvulsant effects of a given drug.

phenytoin, carbamazepine, phenobarbitone
and primidone are highly active in this test
while ethosuximide is ineffective. A big
limitation of this test is that the stimulus
is very strong. Because of this, some
potentially useful agents may be missed. To
obviate this threshold seizures are
employed. However, MES seizures remain
the primary screen for potential
antiepileptic activity.

In kindling, repeated administration of
an initially subconvulsive electrical stimulus
results in progressive intensification
of seizure activity, culminating in a
generalized seizure (6, 7). The modification
induced is robust and permanent. The
seizures evolve through five stages - 1)
immobility, eye closure, twitching of
vibrissae, 2) facial clonus and head nodding
3) unilateral forelimb clonus (contralateral
to the focus), 4) rearing often accompanied
by bilateral forelimb clonus, 5) rearing and
falling accompanied by generalized clonic
seizures. Stages 1 and 2 correspond to
complex partial (limbic or temporal lobe
seizures) while stages 3 to 5 signify limbic
seizures evolving to generalized motor
seizures (7). Kindling is a relatively time
consuming procedure, requires chronic
implantation of stimulation and recording
electrodes and regular electrical
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The models available for screening drugs
for antiepileptic activity may be broadly
classified under three headings - a)
electrical models, b) chemical models and c)
genetic models (Fig. 1).

of tests is carried out to characterize the
clinical profile and possible mechanisms of
action. The characteristic features for an
ideal model of seizures are listed in Table 1.

In the maximal electroshock (MES)
induced seizures, the animals used are
mice or rats. An electrical stimulus of
sufficient intensity to induce maximal (tonic
extension) seizures of the hind limb is
applied, by m'eans of an external device
stimulator/convulsiometer. A supramaximal
current strength, i.e. a stimulus about 5
10 times higher than the individual
electrical seizure threshold of the animals
is used (50 rnA in mice or 150 rnA in rats
and for 0.25), (3, 4). The stimulus is applied
via corneal or ear clip electrodes. Drugs like

Electrically-induced seizures have three
variants namely, maximal electroshock,
(MES) test, threshold models and kindling
(Fig. 2).
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stimulation. The advantage of this model is
tha t the efficacy of drug against the
progressive process leading to epileptogenes
is as well as against the fully kindled state
can be determined (8). Many antiepileptic
drugs block kindled seizures while others
are effective against development of
kindling. Thus phenobarb-ital, diazepam
and valproate block kindled seizures and
development of kindling process. Phenytoin
and carbamazepine block seizures once
kindling has occurred but do not reliably
block establishment of kindling (9).

In addition, in some species, the ictal
phenomenon of partial epilepsy can be
reproduced by acute focal electrical
stimulation with convulsive stimuli ie.
electrically -induced localized cortical,
amygdalar, thalamic or hippocampal after
discharges, in monkeys, dogs and cats (0).
However, unlike kindling, in this case, the
epileptogenic progress can not be studied.

Genetic models of Epilepsy

By definition of epilepsy, animals with
chronically recurring, spontaneous seizures
represent ideal models for human epilepsy.
Some species and strains typically and
repeatedly exhibit spontaneous seizures, or,
have an extremely low threshold to a
number of epileptogenic agents such as
stress and sensory stimulation. These are
the genetic models of epilepsy. The genetic
models may be classified into two groups.
1) Spontaneous, and, 2) Semi spontaneous.

Spontaneous seizures

Beagle dogs show a high incidence of
epilepsy including secondary forms and two
types of primary convulsion resembling
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complex partial seizures and generalized
tonic - clonic seizures (1).

In mice there are at least 12 single locus
mutations that produce neurological
syndromes with spontaneous seizures (12).
These include the homozygous tottering
mouse, quaking mice, AE mice and
C57BL/lOBg strain (13). Some rats with
spontaneously occurring spike -wave petit
mal discharges have also been observed.
Myoclonic and generalised tonic seizures
also occur both spontaneously and in
response to mild stress in the inbred line
BIO 86. 93 of syrian hamsters (8).

The spontaneous models for seizures
may be ideal for chronic drug efficacy
studies once, a drug has been shown to be
a valuable candidate for further
development. For acute antiepileptic drug
efficacy studies however, none of the animal
species with spontaneously occurring
seizures except rats with spike - wave petit
mal seizures is useful. This is primarily due
to logistical problems such as availability
of the animals and/or too low or irregular
seizure frequency of the spontaneous
seizures which necessitates artifIcial
induction of seizures.

Semispontaneous seizures

In certain genetically predisposed
species, seizures do not occur spontaneously
but, can be induced by specific sensory
stimulation, such as audiogenic or photic
stimuli.

Photic seizures

Myoclonic responses to intermittent
photic stimulation occurs is 60-80% of
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adolescent baboons, Papio papio (14). The
sensitivity of this response to antiepileptic
drugs is however only in part similar to
human syndromes. Photically-induced
seizures also occur in domestic fowls (8).
These seizures are inhibited by drugs useful
against clinical tonic-clonic and myoclonic
epilepsy, including benzodi azepines,
barbiturates and valproic acid.
Less favourable therapeutic effects are seen
with phenytoin, carbamazepine and
trimethadione (9). These seizure models
have certain drawbacks like - a) Predictive
value against a particular clinical subtype
of seizures is questionable and, b) high
prime and maintenance cost of baboons
limi ts its usefulness.

Audiogenic seizures:

Mice with an enhanced susceptibility to
audiogenic stimulation have been seen. The
DBA/2J inbred strain of house mouse Mus
musculus is highly susceptible (15). It
exhibits severe sound-induced seizures
between age 2 and 4 weeks after which
susceptibility gradually declines. However,
at 8 weeks of age, when DBA/2J mice are
free from seizures, they show a low
threshold to seizures induced by
electroshock or excitatory amino acids (16).
Another strain SJL/J on the other hand
develop less severe seizures after a few days
of priming exposure to sound (17). The
seizures comprise of initial startle followed
by running and leaping. In some cases
clonic jerks, prolonged tonic spasms and
death may also occur. Audiogenic seizures
are prevented by phenytoin, phenobarbital
or valproate.

Sound induced convulsions also occur in
ra ts. The seizures in genetically-epilepsy-
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prone rats (GEPR) are similar to those in
audiogenic seizures-susceptible mice (15).
However, while GEPRs may be a valuable
alternative to traditional MES test, seizures
in mice are not sensitive to a specific clinical
category of antiepileptic drugs but may be
useful as a gross screen for potential
antiepileptic drugs.

The major drawback with such seizures
is that sound-induced seizures are
exceedingly rare in man and questions as
to correlation.

Totterer mouse:

Totterer mouse (tg/tg strain) has
hereditary ataxia, myoclonus and frequent
partial and absence seizures ( 18, 19). This
is accompanied by 6-7/s spike wave EEG
changes (20).

Mongolian gerbil:

In case of mongolian gerbil, seizures can
be precipitated by environmental stimuli
like onset of bright light, audiogenic stimuli,
vigorous shaking of cage, different handling
techniques and or air blast (average
pressure 5-10 bars, directed at the back of
the animals for 15 sec.) (21). The seizures
range in severity from facial myoclonic
'major' and generalized myoclonic to tonic
clonic 'major' seizures (22). Drawbacks of
this model are the following - (a) non
specificity of sensory stimulation for
epileptic myoclonic seizures (b) experiments
are time consuming, (c) skill in handling
mandatory to avoid induction of seizures,
(d) the half life of drugs is shorter than in
humans and maintenance of effective levels
during chronic treatment difficult.
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El mlce:

El mice is a mouse mutant suited as an
animal model for complex partial seizures.
Seizures are induced in response to
vestibular stimulation ie, by repeated tosses
into the air or by altering the equilibrium
of the mice (12). This model is also not used
widely for antiepileptic drug evaluation but
is primarily employed in search for seizure
mechanism;:;.

More recently a strain of rats with
spontaneous absence like and tonic clonic
seizures has been described. These are the
'tremor' homozygous rats and 'zitter'
homozyaous rats. These spontaneously
epileptic rats (SER) exhibit 5-7/s spike wave
like complexes in cortex and hippocampus
during periods of abnormal immobility.
Etho uximide, trim thadione, valproate and
phenobarbital inhibit absence s izures and
phenytoin, valproate and phenobarbital
inhibit tonic seizures in the SER rat (23).

Dro ophila shakers:

A mutant fly, named 'shaker', has been
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observed to shake and flutter when exposed
to ether. Intracellular recordings from flight
muscles indicate deficits of 'A current'. The
absence of this current would be expected
to result in prolonged firing of excitable
tissue. Genetic studies are underway to
determine a link between seizure like
behaviour with a characterized physiologic
and genetic deficit. Whether such a genetic
abnormality of potassium channels occurs
In humans is unknown (9).

Thus genetic models of seizure are
better suited for obtaining information about
the fundamental mechani ms involved in
the onset and development of epilepsies
rath r than anticonvulsant screening. In the
Indian setup, availability is major limitation
with these models.

Chemically-induced seizure models

Innumerable chemicals and drugs induce
seizure;; at tox'c doses and many of them
can be used 0 produce epileptiform
phenomena in experimental animals. The
chemo onvulsants may be administered
either systemically or topically i.e. central

TABLE II : Chemical models of seizures.

A. Systemic

1. Pentylenetetrazole
2. ABA antagonists-bicuculline, picrotoxin, penicillin
3. GABA synthesis inhibitor -INH, D-penicillamine
4. GAD antagoni. ts 3-Mercaptopropionic acid
5. Inverse benzodiazepine agonists-DMCM, FG 7142
6. Glycine antagonist- trychnine
7. Cholinomimetic drugs-Pilocarpine
8. EAA agonists-NMDA, Kainic acid

C. Topical convuIsants

1. Alumina cream
2. Cobalt
3. Tungstic acid
4. Premarin

B. Central

1. Penicillin
2. Kainic acid
3 Quinolinic acid
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(focal) application (Table II). While
inhibition of GABAergic transmission by
action at different loci is the basis of action
of most systemic convulsants like
pentylenetetrazole (PTZ), bicuculline,
picrotoxin etc., other alternate mechanisms
have also been identified. These include
benzodiazepine inverse agonists, like DMCM
(Methyl-6, 7-dimethoxy-beta-carboline 3
carboxylate); cholinomimetic drugs like
pilocarpine; excitatory amino acid receptor
agonists-N-methyl-D-aspartate and kainic
acid; glycine antagonist-strychnine etc (8).

In addition, certain metals including cobalt,
iron and alumina may be applied to cortical
areas to induce syndromes of chronic focal
seIzures in mammals i.e. rats, cats and
monkeys (0).

Pentylenetetrazole (PTZ) as convulsant.'

The systemic administration of
pentylenetetrazole (PTZ) is one of the most
commonly employed method for
an ticon vulsan t screening. The obvious
reasons for this preference are the ease of
performance, reliability, ease of expressing
results and the shorter time needed to
produce convulsions. Pentylenetetrazole
(Pen tamethylenetetrazole, m etrazo I,
cardiazol, leptazol), was introduced for
anticonvulsant screening by Richard and
Everett, (24), when they demonstrated the
unique protective ability of trimethadione
to prevent seizures which it evoked. For
inducing seizures in rats, the dose of PTZ
suggested in literature varies from 70 to 90
mg/kg. However, dose effect measurements
and calculation of the CD 97 i.e. the dose
of PTZ causing clonic seizures in 97% of
the animals is carried out prior to
anticonvulsant drug evaluation by the PTZ
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test (25). PTZ 60 mg/kg has been found to
produce generalized clonic seizures in 100%
animals in our laboratory setup. This
particular does has the advantage of causing
least mortality (26).

PTZ induces generalized clonic and, in
higher does tonic seizures after different
routes of administration i.e. subcutaneous
or intraperitoneal to rats, mice, cats, and
primates. The seizures are paralleled by
spike wave complexes (clonic seizures) or
sharp hypersynchronized polyspikes (tonic
seizures) in the EEG.

The mechanism of convulsant action of
PTZ seems to be related to the inhibition of
the inhibitory functions of the GAB A
neurotransmitter. PTZ has affinity for the
chloride-ionophore of the postsynaptic GABA
receptor complex and to antagonize
GABAergic function (27). Although several
other compounds used like bicuculline,
picrotoxin, benzylpenicillin also impair
GABAergic neurotransmission, the site of
action is different ie. antagonistic action at
GABA receptors. Furthermore, the seizures
induced by these compounds are in most
instances similar to those induced by PTZ
so that these chemoconvulsants do not
exhibit advantages vs. PTZ for drug
screening.

The end points used by different
researchers in the PTZ seizure model, differ.
While some have used the first generalized
clonic seizure with loss of righting reflex as
endpoint (28, 29), Swinyard (4) has proposed
using a threshold seizure i.e. the first
episode of continuous generalized clonic
seizure with loss of righting reflex for at
least 5 seconds as end point.
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Though PTZ is known to act as a potent
convulsant by acting via a specific
interaction with GABA-coupled chloride
ionophore (38), however, there is little
evidence for the basic neuronal mechanism

Kinding can also be induced in rats and
mice by repeated injections of small doses
of PTZ. This PTZ kindling is regarded as a
good animal model of generalized epilepsy
(36). In our laboratory, we have observed
that administration of subconvulsant dose
of PTZ 30 mg/kg, ip, every alternate day,
three times a week for nearly ten weeks
leads to development of kindled seizures in
rats. These seizures are blocked by diazepam
and sodium valproate (37). The seizures
induced are characterized by generalized
spike and wave discharges on the EEG
concomitant with generalized seizures such
as myoclonic and tonic seizures.

Likewise, different indices of
anticonvulsant activity have been used.
These include incidence and latency of
the different seizure types (30, 31).
Alternatively, comparisons of efficacy are
made based on severity of seizures
determined by an arbitrary scoring system
(32). In addition to clonic seizure end points,
drug effects in tonic seizures can be
studied by using a higher PTZ dose which
induces tonic seizures in all the animals
(33, 34). Ethosuximide, valproate and
benzodiazepines are active in this test while,
phenytoin and carbamazepine are not (8,
35). Phenobarbitone and primidone block
PTZ seizures much more potently than
ethosuximide and valproate. This might
suggest that PTZ is a model for myoclonic
rather than petit mal seizures.

PENTYLENETETRAZOLE
KINDLING IN RATS

(PTZ)-INDUCED

of the PTZ-kindled seizures. It is
conceivable that chronic treatment with PTZ
may bring about certain changes in the
neurotransmitter milieu as well as their
receptors and effectors. Not only this,
different neuronal mechanism for PTZ
kindling and amygdaloid kindling have been
suggested (39).

Bicuculline :

Bicuculline IS a GABA antagonist and
has been applied both systemically and
focally to induce seizures. In another model
known as 'systemic focal epileptogenesis',
the rats receive radiation to a limited
volume (0.25 ml) of cerebrum. Three to six
months later, when the blood-brain barrier
is locally disrupted, bicuculline methiodide
(2 mg/kg), is injected systemically. As such
bicuculline does not cross the blood-brain
barrier but in this case due to the disrupted
barrier, an epileptic focus with recurrent
EEG spikes and focal seizures enduring for
several weeks are induced. The spikes are
suppressed by phenytoin, phenobarbital,
chlordiazepoxide and valproic acid (40).

The convulsant action of bicuculline IS

related to competitive inhibition of GABA
binding at the receptor and consequent
block of GABAergic neurotransmission.

Picrotoxin:

Picrotoxin has a mechanism of action
similar to bicuculline and in general the
antiepileptics are similarly effective against
picrotoxin and bicuculline seizures. The
exception is carbamazepine which has some
benefit against picrotoxin but not
bicuculline seizures (41). Phenytoin is
ineffective against both types of seizures
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while diazepam is highly effective.
Phenobarbital has intermediate
effectiveness and the anti absence agents
valproate and ethosuximide have low
effectiveness (41, 42).

f3-Carbolines :

Convulsant and proconvulsant actions of
~-carbolines such as ethyl-~-carboline-3

carboxylate (~-CCE), methyl-~-carboline-3

carboxylate (~-CCM) and methyl-6, 7
dim et h oxyl-4-ethy l-~-carb 0 lin e-3
carboxylate (DMCM) are well documented.
~-CCE enhances convulsions in rodent and
baboon epilepsy models (43, 44) while
~-CCM 0.03 mg/kg, intravenous produces
Reizures in epileptic chickens (45). In
mice ~-CCM, subcutaneously, induces
convulsions and these convulsions are
inhibited by benzodiazepine agonist
diazepam and the partial agonist Ro 15
1788 (46). DMCM also has potent convulsant
properties (47). The mechanism of action
appears to involve interaction with the
ber.zodiazepine receptor and consequently
with GABAA receptor (48).

Gama-hydroxybutyrate (GHB) model:

GHB is a naturally occurring metabolite
of gamma-aminobutyric acid (GABA), which
when given to animals, produces
electroencephalographic (EEG) and
behavioural changes, resembling generalized
absence seizures (49-51). Characteristically,
the GHB-treated animals, both monkeys and
rats, show an arrest of activity with staring
and bilaterally synchronous spike wave
discharges. This activity is selectively
blocked by antiabsence drugs such as
ethosuximide and made worse by phenytoin
(52). A prodrug of GHB, gamma-
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butyrolactone (GBL) has also been shown
to induce spike and wave discharges, by
being rapidly converted to GHB on
parenteral administration. The EEG and
behavioural changes induced are similar to
those by GHB rather they have a more rapid
onset of action and predictable dose
response. GBL per se has no such effect (53).
More recently, it has been reported that rats
develop spontaneously occurring recurrent
electroclinical seizures after repeated daily
injections of GBL (54). The mechanism of
epileptiform activity remains elusive but an
interaction with some neurotransmitter
system or more specifically inhibition of
GABAergic neurotransmission is a
possibility (55, 56).

Excitatory amino acids as convulsants

N-methyl-D-aspartate (NMDA):

Excitatory amino acids cause convulsions
when administered into the brain. Of the
various excitatory amino acid receptors, a
specific role for the NMDA receptor in
epilepsy has been proposed. NMDA receptor
density is highest in hippocampus, followed
by neocortex, striatum and thalamus.
In tracerebroventricul ar administra ti on of
NMDA in mice induces running fits,
generalized clonic and tonic-clonic
convulsions. These seizures are inhibited by
diazepam, valproate, several NMDA receptor
antagonists like MK-801, but not
by midazolam, clonazepam, phenytoin,
carbamazepine, trimethadione and
ethosuximide (57).

Kainic acid:

Kainic acid (KA) is an analog of
glutamate, an excitatory amino acid
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neurotransmitter. Systemically or centrally
administered KA has toxic effects on
hippocampus producing cell injury, while in
lower doses, seizures are induced (58). After,
ip administration of KA, in rats or mice,
the convulsive behaviour comprises of wet
dog shakes, staring, searching and gnawing,
leading to hyperactivity, forelimb clonus and
tonic clonic convulsions (59, 60). Kainate
induced seizures have also been reported in
cats (61). These kainate induced seizures
are proposed to be a model with particular
relevance to human temporal lobe epilepsy
(62). The mechanism involved may be
disinhibition or direct excitation. The KA
seizures are abolished by phenobarbital,
midazolam, clonazepam and valproate (57).
Kainate induced seizures have also been
used as a model of status epilepticus and
will be discussed later.

Tetanus toxin:

Tetanus toxin was first used in 1962, to
induce epileptiform activity by application
on cerebral cortex in dogs (63). Ever since,
it has been used successfully as a convulsant
in several species ie. rat, dog, cat and in
several brain regions (2). In the mouse, after
hippocampal injections, seizures may occur
within a day after injection and then recur
for weeks. The animal sequentially shows
arrest of activity, myoclonic jerks
of forelimbs and sometimes generalized
tonic-clonic seizures (64). Electroen
cephalographically, a 3-20 Hz spiking or
spike-wave activity is observed. The seizures
are taken to correspond to complex partial
seizures and are believed to be related to
site of injection. The mechanism involved
is unknown however, blocking of
presynaptic release of GABA and glycine
could be involved (65).
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Penicillin:

The convulsant action of penicillin was
discovered by Walker and Johnson (66).

Topically applied penicillin is the most
popular method to study simple partial
(focal) seizures. Recurrent interictal spikes
are observed when a cottonoid pledget
soaked in 1.7-3.4 mM penicillin is placed
on exposed rat or cat cortex.

Penicillin has also been employed in
models of systemic focal epileptogenesis and
models of generalized tonic-clonic and
absence seizures. Thus parenteral
administration of penicillin (~300,00 units/
kg, im) in rats and cats, produces recurrent
episodes of arrested activity, staring,
myoclonous, facial-oral twitching and
occasional progression to generalized tonic
clonic seizures (67, 68). Epileptic activity
beg ins abo utIhaft e I' i nj e ct ion and
continues intermittently for 6-8 h (69). The
convulsive action is due to competitive
binding at the GABA receptor. Consistent
with its profiie as a model for absence
seizures, valproate and ethosuximide are
more effective than phenytoin in these
seizures (70, 71).

Metals

Metals are implanted in brain to
generate a state of 'spontaneously' recurrent
simple partial seizures. Various metals are
used for the purpose ego cobalt, tungsten,
zinc, iron and alumina. Of these, the
aluminium hydroxide gel model discovered
by Kopeloffs (72), is the most well
characterized. In this, 4% aluminium
hydroxide gel is injected into the surgically
exposed cat or monkey neocortex at a couple



Indian J Physio! Pharmacal 1999; 43(1)

of adjacent sites. Seizures are initiated after
1-2 months and may persist for years. The
seizures consist of rhythmic jerking of an
extremity or face contralateral to the lesion
and may occasionally generalize.

In addition to these well established
models, seizures are often induced by
methods like cryogenic injury or freeze
lesion model, ganglioside antibody injection
and metabolic derangements. In freeze lesion
model, ethylchloride lesions or cold trauma
from a liquid nitrogen probe induces an
epileptic focus (73, 74). In ganglioside
antibody injection, epileptic lesions are
produced by injection of antibodies to brain
gangliosides into rat cortex. Focal spiking
occurs after a delay of 24 h and may recur
till 90 days (75, 76). Seizures may also be
produced by certain types of metabolic
derangements ego hypoglycaemia, uremia,
hypoxia etc (9, 10). Administration of
methylxanthines in high doses induces
seizures in mice and rats (77).

Status epilepticus

Status epilepticus (SE) is recognized as
a major neurological and medical emergency
associated with significant morbidity and
mortality. It is defined as continuous seizure
activity for more than 30 min, or
intermittent seizure activity without
regaining of consciousness lasting for more
than 30 min (78). SE may be convulsive or
non convulsive and these two types are
further subclassified as partial or
generalized.

Several in vivo animal models of SE have
been developed, and the electrographic,
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histological and neurohumoral chang
these, parallel those in SE patients.

Electrically-induced SE:

Certain electrical paradigms have been
shown to produce SE in rats. Thus, low
intensity (60 min) electrical stimulation
from a previously kindled amygdala or
hippocampal focus induces SE (79).
Accompanying behavioural manifestations
may be convulsive as in kindled seizures or
non convulsive, with normal stereotyped or
ar:-est behaviours (80). Vicedomini and
Naddler( 81) induced SE using pulse trains
(0.3 ms monophasic square wave pulses at
20 Hz, 10-s duration, 30s) with maximal
synaptic response In CA3 region of
hippocampus. Taber et al (82) produced a
syndrome of recurrent seizures by repeated
hippocampal stimulation in mice. McIntyre
et al (80) have reported a self sustaining
SE in previously kindled rats by continuous
hippocampal stimulation (CHS). A self
sustaining limbic SE by CHS, in non kindled
rats has also been reported (83). George et
aI, (84) have described SE by continuous
ventral hippocampal stimulation (decreasing
the period of CHS from 9 to 5 epochs)
followed by low dose, pilocarpine (40 mg/
kg) challenge. The motor limbic seizures
occurring were completely reversed by
diazepam, clonazepam and MK-801.

Chemically-induced SE:

In rats, convulsive, generalized tonic
clonic SE can be modelled by administration
of bicuculline (85), focal application of cobalt
in conjunction with systemic homocysteine
(86).
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Kainic acid model:

Following injection of kainic acid, rats
manife t severe limbic motor seizures and
SE, approximately 90 min after (87). This
SE ultimately results in extensive loss of
several limbic structures, in particular the
olf ctory or piriform cortex and this is
manifested as long lasting cognitive deficits
(88).

Lithium-pilocarpine models:

Seizures elicited by t.he cholinergic
muscarinic agonist pilocarpine in rodents
have been proposed as an animal model,
resembling some aspects of human temporal
lobe or psychomotor epilepsy (89, 90). These
seizures have been related to rapid evolution
of hippocampal or amygdala kindling (01).

Sequential injections of lithium salt and
pilocarpine (separated by 20-24 hr) reliably
induces SE in rats. Though in terms of
behavioural and electrographic findings,
lithium-pilocarpine induced seizures are not
much different from high dose pilocarpine

Lithium- Pilocarpine Induced Seizures

ICholinergic Symptoms I
Salivation, lacrimation, defecation,
urination, piloerection.

IBehavioural Signs I
Grooming, tremors, scratching,
licking.

ISEIZURES I
Recurrent Forelimb Clonus with Rearing

PI Mortality I
Fig. 3 : Development of Lithium-pilocarpine induced

status epilepticus.

Indian J Physiol Pharmacol 1999; 43(1)

seizures, the former reproduces SE more
reliably (92-94). Recently, we have shown
that lithium 3meq, ip, given 4 hr prior to
pilocarpine 30 mglkg, s.c is an effective and
reliable model for SE (95). The seizures
evolve from cholinergic hyperactivity to full
blown clonic seizures occurring repeatedly
(Fig. 3). This treatment schedule has the
advantage of convenience ie. the experiment
can be finished the same day. These seizures
are aborted by diazepam and the
neuropathological changes are same as those
with 20-24 hr pretreatment.

Post-traumatic Epilepsy

Any serious injury like major head
trauma, stroke, hemorrhage etc. can cause
epilepsy. Although a seizure can occur at
the time of initial insult in some cases, in
others, there may be a latent period of
months to years for the onset of epilepsy.
Some animal models have been developed
to replicate this posttraumatic epilepsy. The
most well characterized and widely studied
of these is the ferric chloride (FeCI 3 )

model wherein, 100 mM of FeCl 3

administered into the ventricles induce
electroencephalographic seizures (96, 97).
Others are, intracortical injection of
hemoglobin or ferrous chloride (98-101).

More recently, intracerebro-ventricularly
administered endothelin has also been
shown to induce seizures (102).

Although a number of animal species
and numerous experimental models are
available for screening of antiepileptic
compounds, the selection of model can not
be done arbitrarily. This is governed by
some considerations.
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Considerations in selecting an animal model

Seizure type:

Since different animal models are
believed to mimic different types of seizures,

TABLE III : Animal models of epilepsies based on
seizure type.

A. Generalized tonic-clonic

Maximal electroshock (MES)
Chemical convulsions
Pentylenetetrazole, Picrotoxin, Bicuculline,
Penicillin
Genetic
Photosensitive baboons, autiodenic Seizures in mice,
Genetically epilepsy prone rats, Totterer and E1
mice, Drosophila shakers
Metabolic derangements
Hypoxia, hypoglycaemia, hyperbaric oxygen, uremia

B. Generalized absence

Thalamic stimulation
Systemic penicillin
Gamma-hyd roxybu tyra te

C. Simple partial seizures

Acute
Topiral convulsants-Penicillin, Bicuculline,
Strychnine, Cholinergics, Picrotoxin
Acute electrical stimulation
Chronic
Chronically implanted metals - Alumina, Cobalt,
Iron, Zinc, Tungsten

D. Complex partial seizures

Kainic acid
Tetanus toxin
Kindling

E. Status epilepticus

Fluorothyl, bicuculline, penicillin
Cobal t/Homocysteine
Kainic acid
Lithium - pilocarpine
High dose pilocarpine
Continuous hippocampal stimulation (CHS)
Partial CHS-pilocarpine
Kindling based

F. Post traumatic epilepsy

Ferric chloride
Hemoglobin
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the major consideration In selecting
an animal model of course remains the
seizure type under study. A possible
classification of the different animal models
based on the seizure type is given in
Table III.

Species:

The second factor is animal species.
Though, most convulsive stimuli actively
produce seizures in many speices, there may
be differences in drug response. Therefore,
it is advisable to choose appropriate species.
Generally, screening at initial stages is
carried out with two species ie. rats and
mice to avoid the possibility of missing out
a potential agent.

Male versus female rats for anticonvulsant
studies:

A relationship between seizure
susceptibility and the estrous cycle is well
known (l03, 104). In studies in humans as
well, a subset of women with epilepsy show
changes in seizure frequency in relation to
hormonal variations during the menstrual
cycle (l03, 104). Whanschaffe and Loscher,
(l05), on the other hand, have demonstrated
no effect of setrous cycle on kindled seizures
in female rats.

Thus with the use of female rats, there
is always remaining at least a theoretical
possibility of variation in response with the
changing hormonal status of the animal.
Furthermore, female rats are known to
eliminate several anti epileptic drugs less
rapidly than males do (32). This again is
not unambiguous (105).
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Selection ol endpoint / observational
parameters lor eualuating anticonvulsant
response:

The endpoints used by different
researchers in various models differ. For eg
as discussed earlier, in PTZ seizures
different end points are used for assessing.
This end point selection may at times be
crucial in interpreting results especially in
case of compounds with weak activities. The
effect of end point selection, on drug
potencies in PTZ seizures model has been
examined, in a comprehensive study by
Losch r et al (32l.

Need lor standardization:

The data reported by different
laboratories on the commonly used
anti epileptic drugs and those that are newly
developed, at times, differs considerably
both qualitatively as well as quantitatively.
POl' instance, various studies found
phenytoin, carbamazepine and primidone to
be ineffective against clonic seizures induced
by s.c. PTZ administration (106-108) or iv
PTZ infusion (109). This would be consistent
with their inefficacy in human absence
eizures. On the contrary, there are several

experimental studies also in which these
drugs are found to be capable of blocking
clonic PTZ seizures (110-112). This is
difficult to explain by differences in dose or
routes of administration of PTZ. The newly
developed anti epileptic drugs ego vigabatrin
and progabide also were reported to be
ineffective against clonic seizures induced
by s.c. PTZ in mice (113), but other
researchers reported both drugs to be
effective (8, 112, 114). It is likely that in
addition to recognized factors like species,
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strain, diet, sex, circadian, hormonal and
seasonal rhythms, other technical, biological
and/or pharmacological factors may be
important (32). This however implies that
the standardization of this test is far from
being reached and thus there is nepd to
standardize the PTZ-induced seizure model
for the strain and species to be used and
for a particular laboratory setup. This
applies to other seizure models as well.

Observer bias:

The in vivo models used for studying
anticonvulsant activity in rats and mice
have largely been dependent on the
continuous monitoring of the convulsive
behaviour by an observer. This approach is
tedious, and also there remains an
unavoidable possibility of bias on the part
of the observer and, the inter-individual
variability, more with less experienced
investigator. Thus it is desirable to obtain
a hard copy of seizure activity.

Efforts have been made to develop
simple techniques for quantitative
measurement of clonic convulsions in rats.
A method for automatically measuring clonic
convulsions using capacitance sensors and
digital counter, has been described by Paul
and Kazi, (115). Their counter provides a
measure of time course of the convulsive
behaviour as a measure of anticonvulsive
potential of test compounds. A
'Convulsometer' is also marketed by an
International company, Columbus
Instruments, U.S.A., which is rather costly.
More recently we have designed a seizure
recording assembly in our laboratory which
offers an economical and practical
alternative for continuously recording
convulsive activity in rats and mice (116).
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CONCLUSIONS

Studies in experimental seizure models
have contributed vastly not only to the
development of antiepileptic drugs but also
has gIven some insight into the
pathophysiology of epilepsies. It is therefore
not surprising that many different
experimental seizure models have evolved.
These seizure models however do not mimic
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the actual disease but only some
manifestations like electroencephalographic,
behavioural, neurohumoral etc. It is
noteworthy that evaluating a potential
antiepileptic, using a single model of
seizures is not sufficient. Rather, a battery
of tests is required, to obtain the proper
profile of the drug. Choosing the appropriate
model and experimental paradigms is of
paramount importance.
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