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 Animal models are essential in preclinical anti eplilptic drug research. These models 

serve different purposes in epilepsy research and in drug discovery and development of 
anti epileptic drugs to evaluate efficacy, to determine mechanism of action, used to 

determine preclinical efficacy of new drugs during chronic administration, to study the 
mechanism of drug resistance and also used to study whether elileptogenesis alters the 

adverse effect potential of a given drug. A large number of in vivo animals models are 

used, some important which can be adapted and acclimatized to institutional laboratory 
settings discussed. 
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INTRODUCTION 

 

 The animal models are essential in the pre-clinical research of new drugs to develop new treatment 

approaches for epileptic seizures.  In epilepsy research animal models serve different purposes. They are used in 

development of new epileptic drugs, used to evaluate specific efficacies of drugs on different types of seizures, 

used to determine preclinical efficacy of new drugs during chronic administration. Animal models are also 

employed to study the Pharmacodynamics, mechanism of drug resistance and also used to study whether 

elileptogenesis alters the adverse effect potential of a given drug. Most epilepsy models used in epilepsy 

research are models of epilepsy seizures than models of epilepsy. Since epilepsy is characterized by spontaneous 

recurrent seizures, models such as maximal electroshock seizure, in which an acute seizure is electrically 

induced in normal non epileptic animals, cannot represent a model of epilepsy. On other hand, there are true 

models of epilepsy, for instance animal mutants or transgenic animals with spontaneously recurrent seizures, are 

very close to human epilepsy models (Lothman, 1996).   

 An Ideal animal model of epilepsy should fulfill to develop spontaneously occurring recurrent seizure, and 

seizure type produced should be similar to those occurring in human epilepsies with high seizure frequency to 

allow acute and chronic drug efficacy study. But no animal models meet all these criteria, however for practical 

reasons, the most commonly used animal models in preclinical anti epileptic drug research are not models of 

chronic epilepsy but models of single epileptic seizures, in which seizures are induced in small laboratory by 

using rats and mice with simple chemical or electrical stimuli (Loscher, 1984, 1992, 1999).     

 
Animal Models Used In Anti – Epileptic Drug Research: 
Maximal Electroshock (MES) Induced Convulsions:  
 Merritt and Putnam developed the MES test and discovered the anticonvulsive effect of Diphenyl hydantoin 
using this test (Putnam et al., 1938). Phenytoins subsequent success in the clinical management of generalized 
tonic clonic seizures provided the validation necessary to consider the MES test as a reasonable model of human 
generalized tonic clonic seizure (Steve, 2003). MES produce the spread of seizure similar to grandmal epilepsy 
(Kale et al., 1994). 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 50 mA in mice and 150 
mA in rats, 50-60/Sec current delivered via corneal/ear electrodes for 0.2 Sec (Gupta, 2004). The MES 
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convulsions   are divided into five phases such as Phase of tonic limb flexion, Phase of tonic limb extension, 
Phase of clonic convulsions, Stupor and Recovery or death. A substance is known to possess anticonvulsant 
property it reduces   or abolishes the extensor   phase of MES convulsion (Kulkarni, 1999). Suppression of tonic 
hind limb extension is taken as a measure of efficacy in this test. Anti convulasant potency is determined by 
calculation of ED50 for suppression of tonic hind limb extension (Swinyard, 1972). Drugs effective against 
generalized tonic clonic seizure such as Phenytoin, Carbamazepine, Phenobarbitone and Primidone   are 
effective while Ethosuximide is in effective in this test (Gupta, 2004).  Disadvantage of the present model is 
that, they do not give any clue regarding the mechanism of action of the compound. 
 
Pentylene Tetrazole (PTZ) Induced Convulsions:  
 Pentylene Tetrazole is a Tetrazole derivative with consistent convulsive effect in large number of animals 
like mice, rats, cats, primate’s etc. It is believed to act by antagonizing the inhibitory GABAergic 
neurotransmission (Olsen, 1981). In 1944, Everett and Richards’s demonstrated that PTZ- induced seizures 
could be blocked by Trimethadione and Phenobarbital but not by Phenytoin. Lennox subsequently demonstrated 
that Trimethadione was effective in decreasing or preventing petitmal attacks in 50 patients but was ineffective 
or worsened grandmal attacks in patients. Trimethadione success in the clinic and its ability to block threshold 
seizures induced by PTZ provided the necessary correlation to establish the PTZ test as model of petitmal or 
generalized absence seizure (Steve, 2003; Lennox, 1945). Pharmacologically PTZ is an analeptic agent; possible 
common mechanism of action is ability to alter movement of chloride ions across neuronal membrane (Robert, 
2007). It is reported that mice lacking δ subunit exhibit spontaneous seizure and greater sensitivity PTZ, 
demonstrating a role of the δ subunit containing GABAA receptor in regulating seizure susceptibility (Meldrum 
et al., 2007). It is believed to be PTZ act by antagonizing the inhibitory GABAergic neurotransmission but 
binding site is unknown (Ren et al., 2001). Different routes of administration such as i.p, i.v, s.c have been used 
by various investigations in this method (Vogel, 2002). Stages of PTZ induced convulsion involve one or more 
isolated jerks followed immediately by a generalized colic seizure with loss of righting reflex, followed by 
maximum tonic clonic seizures after a certain time lag. Efficacy of test drug as an anticonvulsant is measured by 
determining its ED50 for suppression of clonic seizures. Drugs effective in petitmal epilepsy like Valproic acid, 
Ethosuximide are effective in PTZ induced convulsion while Phenytoin, Carbamazepines are not effective 
(Gupta, 2004).  
 
Lithium-Pilocarpine Induced Status Epilepticus:  
 Although lithium does not have general proconvulsant action in rats, its pretreatment provokes limbic 
seizures, following administration of subconvulsant doses of Pilocarpine and other cholinergic agonists. The 
time of onset of severity of seizures is reproducible and generalized. The convulsions produced always continue 
unabated for several hours until death ensures. It is reported that the initiation of seizure is due to activation of 
muscarinic cholinergic receptors, but the mechanism accounting for the sustained maintenance of status 
Epilepticus are not known, although there is the evidence for the involvement of the excitatory amino acids. The 
combined treatment with Lithium and Pilocarpine results in an accumulation of inositol monophosphate and 
reduction in cortical inositol those are about ten times greater than the effects obtained with either drug alone 
(Kasture, 1999). Status epilepticus can be induced in rats by giving pilocarpine (30 -40 mg/kg, i.p)    24h after 
pre treating with lithium (3meq/kg, i.p) (Jope et al., 1986; Morriset et al., 1987; Walton and Trieman, 1988). 
 
Lithium - Methomyl induced seizure in rats:  
 Methomyl, a carbamate anticholinesterase, in a dose of 5.2 mg/kg s.c, can induce long lasting status 
epilepticus in lithium pretreated rats. Diazepam is effective in this model (Kaminski et al., 2007). 
 
Isoniazid Induced Seizures:  
 At higher dose of Isoniazid acts as convulasant in animal models. The mechanism of Isoniazid triggered 
convulsion involves interaction with pyridoxine metabolism. The mechanism responsible for epiletogenesis is 
interfering with the function and supply of pyridoxine. Isoniazid binds directly with pyridoxine to 
formIsonicotinyl hydrazine. The second depicted mechanism is Isoniazid is dehydrised to its hydrazones; which 
block pyridoxine phosphokinase, thus preventing conversion of pyridoxine to its active from, pyridoxal 5’ 
phosphate. Isoniazid also hydrazides inactivate pyridoxal 5 phosphate, which is essential for the formation of 
gamma amino-butyric acid from glutamic acid. Deficient GABA and the accumulation of glutamic acid lead to 
CNS excitation and seizures in animal models (Vaishal et al., 2004). Intraperitoneal administration of 300mg/kg 
of Isoniazid induces seizures in mice (Madhu et al., 2009). 
 
Systemic Penicillin test:  
 The possible mechanism of elileptogenesis of penicillin is via blocking of the GABA’s effect when the beta 
lactam ring binds to GABA receptor. Cats are used for the experiment. Animlas are injected with 300000 
units/kg of penicillin G by intramuscular route. Seizure activity begins one hour after injection. The seizures are 
characterized by recurrent episodes of arrested activity, staring, myoclonus, facial oral twitching and occasional 
progression to generalized tonic clonic seizures (Taylor et al., 1984). This model is useful for screening of drugs 
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used in petitmal epilepsy. Ethosuximide and valproate are effective in this model (Pellegrini et al., 1978, 
Guberman et al., 1975). Rats also can be used for the penicillin model of epilepsy (Fariello, 1976). 

 

Selection, Handling And Dosing For Animal Species For Anti – Epileptic Screening: 

 The preferred rodent species is the rat although other rodent species may be used for study. Normally 

female rats or mice are used (OECD, 2000). This is because literature surveys shows that usually there is little 

difference in sensitivity between sexes, but in those cases where differences are observed, females are generally 

slightly more sensitive than male species (Lipnik et al., 1995). Healthy young adult animals of commonly used 

laboratory strains should be employed. Females should be nulliparous and non-pregnant. At the commencement 

of its dosing, each animal should be between 8 and 12 weeks old and its weight should fall in an interval within 

± 20 % of the mean initial weight of any previously dosed animals. The temperature in the experimental animal 

room should be 22°C (± 3°C). Although the relative humidity should be at least 30 % and preferably not exceed 

70 % other than during room cleaning the aim should be 50-60%. Lighting should be artificial, the sequence 

being 12 hours light and 12 hours dark. The animals are housed individually. For feeding, conventional rodent 

laboratory diets may be used with an unlimited supply of drinking water. The animals are randomly selected, 

marked to permit individual identification, and kept in their cages for at least 5 days prior to dosing to allow for 

acclimatization to the laboratory conditions. As with other sequential test designs, care must be taken to ensure 

that animals are available in the appropriate size and age range for the entire study. (Shetty et al., 2009) 

 The test substance is administered in a single dose by gavage using a stomach tube or a suitable intubation 

cannula. In the unusual circumstance that a single dose is not possible, the dose may be given in smaller 

fractions over a period not exceeding 24 hours. Selection of test dose for preliminary dosing should be done in 

such way that, middle dose will be approximately one tenth of the maximum dose during acute toxicity studies, 

and a high dose will be twice that of one tenth doses and a low dose will be 50% of one tenth doses (OECD, 

2000).  

 

Conclusion: 

 A large number of in vivo animal models for screening of antiepileptic drugs are available. There are no 

models that satisfy as an ideal model in epilepsy research. In epilepsy research, animal models serve a variety of 

purposes. They are used in the search for new antiepileptic drugs. Once the anticonvulsant activity of a novel 

compound has been detected, animal models are used to evaluate the possible specific efficacies of the 

compound against different types of seizures or epilepsy. The animal models can be used to characterize the 

preclinical efficacy of novel compounds during chronic administration. The animal models which can be 

adapted & acclimatized for institutional laboratory settings are of chemical and electrical stimuli models. 
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