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Over the past decade,  several new antiepileptic drugs (AEDs) have become 
available including Gabapentin, Lamotrigine, Topiramate, Tiagabine, 
Oxcarbazepine,  Levetiracetam, Zonisamide, Vigabatrin and Felbamate.    These 
drugs had proved their efficacy in various types of seizures.  Lamotrigine and 
Topiramate were suggeseted as effective for use as monotherapy for generalized 
seizures, and  Topiramate, Lamotrigine,  Oxcarbazepine and Gabapentin for partial 
onset seizures, and  Vigabatrin for infantile spasms.  All the new anti-epileptic drugs 
are also effective as add-on therapy for partial seizures without or with secondary 
generalization. 
 
This article briefly reviews the pharmacodynamics of the new antiepileptic drugs to 
provide information that physicians in the Kingdom particularly non-epileptologists 
for rational choice and judicious use of these agents.  
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Epilepsy is one of the most common neurological disorders with reported prevalence of 
6-8/100,000 incidence of 30-50/100,000 per year and cumulative incidence of 3%.  It 
requires prolonged and sometimes life-long drug therapy1.  Available anti-epileptic drugs 
are categorized into three major groups: conventional anti-epileptic drugs approved 
before 1990; new antiepileptic drugs approved after 1990 and unconventional 
antiepileptic drugs that  are not normally used to treat seizures or may have serious side 
effects (Table 1)2.  Although the new antiepileptic drugs (AEDs) are already in use in  the 
United States, Europe and Japan, only six (Gabapentin, Lamotrigine, Vigabatrin, 
Topiramate, Oxcarbazepine, and  Levetiracetam) of them are currently available in the 
Kingdom.  Selecting the best drug for a particular patient and for specific seizure type can 
be confusing for the physician sometimes and patients may even solicit these medications 
from abroad.  A review of the pharmacology, pharmacokinetics, indications and side 
effects of these new anti-epileptic drugs with the current understanding of their various 
clinical profiles is therefore required to provide their judicious use locally.  
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Development of antiepileptic drugs; the advantages and limitation 
 
The new antiepileptic drugs (AEDs) have been tested at the pre-clinical phase with 
pharmaco-resistant forms of epilepsies in animals that does not faithfully represent the 
pathological, clinical or electrical models of the  human disease3. In the clinical phase, 
the new anti-epileptic drugs have been tested mainly as an add-on therapy in patients with 
partial seizures with or without secondary generalizations who fail to respond to 
conventional anti-epileptic therapy or prior to surgical therapy4.  The number of 
controlled trials on any of the AED is small for the idiopathic forms of epilepsy.  And 
even some guidelines concluded that the difference in efficacy between the conventional 
and the new AEDs is not significant5,6. 
 
The New antiepileptic Drugs 
 
Gabapentin (NEURONTIN) is a structural analogue of gamma- aminobutyric acid  
(GABA) which does not interact with either GABAA or GABAB receptors,  convert to 
GABA or GABA agonist nor does  it inhibit GABA up-take or degeneration7.  Although 
its mechanism of action is unknown, it may increase the total central nervous system 
level of GABA8.   It has been shown to be effective in complex partial seizures with or 
without secondary generalization and generalized tonic-clonic seizures with no 
significant effect compared to placebo in reducing the frequency of myoclonic seizures or 
absences, and may occasionally aggravate typical absences9-12.  Gabapentin is well 
absorb from the gastrointestinal tract which makes its bioviability non-dose dependent,  
has a half life (t1/2) of 6 hours, is eliminated  by renal excretion  unchanged and is well 
tolerated13,14.  The commonest side effect is fatigue and weight gain. 

 
Lamotrigine (LAMICTAL)  acts by inhibiting the release of excitatory amino acids 
such as glutamate through the modulation of  sodium and calcium channels15.  And 
lamotrigine is effective as an add-on or monotherapy for patients with partial seizures 
with or without secondary generalization, and in addition, in the treatment of absence, 
myoclonic seizures, and other seizure types associated with Lennox-Gastaut 
syndrome16,17.  Lamotrigine is partially protein bound and may have significant drug 
interactions with Valproic acid, Garbamazepine, Phenytoin and Phenobarbitone because 
of its glucoronodization in the liver18.  It significantly alters plasma concentration of other 
AEDs when  given concurrently,  and its most significant side effect is a   
hypersensitivity reaction with skin rash that occurs usually within the first three months 
of therapy19.  Slow introduction of Lamotrigine may offset this complication.  The 
occurrence of a previous rash with other anti-epileptic drug, particularly Carbamazepine 
is a good predictor of  Lamotrigine skin hypersensitivity reaction.   

 
Vigabatrin (SABRIL) is a synthetic GABA derivative which causes irreversible 
inhibition of GABA transaminase thereby increasing the pool of the inhibitory  
neurotransmitter20. It is well absorbed following an oral dose and is principally 
eliminated by the kidneys21.  It binds to protein, however has  t1/2 of 5 hours and is not 
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metabolized in the liver.  It has a limited antiepileptic spectrum however and is 
particularly effective in patients with Lennox-Gastaut syndrome22.  Its main side effects 
are visual field defects, weight gain and ataxia and may also exacerbate pre-existing 
depression23.    

 
Topiramate (TOPAMAX) is a sulfamate-substituted  monosacharide with carbonic 
anhydrase inhibitory properties. The mechanism of action as an antiepileptic drug is 
related to inhibition of GABAA receptor mediated activities and its direct modulating 
effect is independent of carbonic anhydrase inhibition24, 25.  It is well-absorbed given 
orally with a plasma t1/2 of approximately 24 hours. It has minimal protein binding 
properties and is eliminated principally by the kidneys and to a lesser extent by the 
liver26. Topiramate increases the serum levels of Phenytoin and reduces that  of Valproic 
acid19. Topiramate is effective in primary generalized epilepsies  and   partial seizures 
with or without secondary generalization26,27.  The commonest side effect include fatigue, 
weight  loss, renal stones and psychological disturbances28.   

 
Tiagabine (GABATRIL) exhibits its epileptic activity through selective GABA re-uptake 
inhibition29. It is well-absorbed following an oral dose; is highly protein bound, 
eliminated primarily by the liver and has  t1/2 of approximately 6 hours30.  It increases the 
serum levels of Phenytoin and Valproic acid and is effective as an add-on therapy in 
patients with partial seizures with or without secondary generalization18.  The main side 
effects include light headedness, asthenia, somnolence,  tremor, and non-convulsive 
status epilepticus31. 

 
Levetiracetam  (KEPPRA) has a novel binding site (90K da binding site) which is the 
synaptic vesicle protein (SV2A) present in synaptic vesicles and some neuroendocrine 
cells32.  Its mechanism of action is distinct from that of other anti-epileptic drugs33. 
Levetriacetam is well-absorbed  following an oral dose, 66%  of it is eliminated 
unchanged in urine, and it does not cause hepatic enzyme induction.  Levetriacetam is 
effective in patients with partial seizures with or without secondary generalization and the 
main side effects include behavioural disturbances which may necessitate 
discontinuation34, 35. 

 
Zonisamide  (ZONEGRAN) exerts its antiepileptic activity by blocking voltage-sensitive 
sodium  and voltage-dependent calcium channels, enhances GABA release, blocks the 
potassium glutamate response and reduces glutamate-mediated synaptic excitation36.  In 
addition, it scavenges nitric acid and other free radicals and inhibits lipid peroxidation 
and free radical-induced DNA damage thereby protecting neurons from further damage 
and it also stabilizes the neuronal membrane17.  Zonisamide is well-absorbed following 
oral administration and eliminated unchanged by the kidneys.  Its t1/2 ranges from 50-70 
hours2.  Zonisamide is effective as an add-on therapy in generalized seizures and partial 
seizures with or without secondary generalization; the main side effects include 
somnolence, dizziness and nephrolithiasis38.  The side effects can be minimized by slow 
titration, adequate hydration and avoiding exposure to excessive temperatures. 
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Oxcarbazepine (TRILEPTAL) and its active metabolite (10 monohydroxy epoxide 
derivative) block voltage dependent sodium and voltage-activated calcium channels39.  It 
is distributed throughout tissue and eliminated by the liver.  Oxcarbazepine is similar to 
carbamazepine in its spectrum of anti-convulsant activity.  It is currently recommended 
as either a first line monotherapy or an add-on therapy for partial seizures with  or 
without secondary generalization with the major side effects of hyponatremia and 
hypersensitivity reaction40-41.  

Table 1.  Conventional, new and unconventional antiepileptic drugs 
 
        Conventional                         New                                               Unconventional 

 
Carbamazepine (Tegretol) Felbamate (Felbatol)  Adrenocorticotropic hormone 
(ACTH) 
Clorazepate (Tranxene) Gabapentin (Neurontin)          Acetazolamide (Diamox) 
Clonazepam (Klonopin) Lamotrigine (Lamictal) Amantadine (Symmetrel) 
Ethosuximide (Zarontin) Levetiracetam (Keppra) Bromides 
Phenobarbital   Oxcarbazepine (Trileptal) Clomiphene (Clomid) 
Phenytoin (Dilantin)  Tiagabine (Gabitril)  Ethotoin (Peganone) 
Primidone (Mysoline)  Topiramate (Topamax) Mephenytoin (Mesantoin) 
Valproic Acid (Depakote) Zonisamide (Zonegram) Mephobarbital (Mebaral) 
                                                                                          Methuzimide (Celontin    
        Trimethadione (Tridione)   
 

 
Felbamate (FELBATOL) is thought to act by the  inhibition of the  excitatory NMDA 
receptors although  the  exact mechanism of action remains unknown29.  The drug is 
effective in the treatment of refractory partial seizure and Lennox-Gastaut syndrome 
since its introduction in 1993. Felbamate has been associated with multiple troublesome 
side effects including headache, gastrointestinal distress, weight loss, insomnia and more 
importantly potentially fatal aplastic anemia and liver toxicity29.  These later side effects  
severely limit its use.   

 
The new antiepileptic drugs in women, pregnancy and lactation   
 
Some of the new AEDs particularly Gabapentin, Topiramate, Vigabatrin and 
Levetriacetam have minimal protein binding properties and do not cause hepatic enzyme 
induction, and as such do not interact with oral contraceptive pills42.  Gabapentin  and 
Lamotrigine have not been shown to be teratogenic in animals43-45. Levetriacetam is 
excreted  in breast milk46.    
 
 
Other new antiepileptic drugs 
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Newer AEDs such as Pregabalin and Retigabine have been shown to be effective against 
partial seizures and are currently undergoing further clinical trials46.  Fosephenytoin, a 
Phenytoin  is useful particularly in the treatment of status epilepticus.  The newer 
formulation of intravenous Valproate has been approved for use in patients for whom oral 
administration is temporarily not feasible48. 
 
CONCLUSION 
 
New antiepileptic drugs are now available for the  treatment of various forms of 
seizures and the epilepsy syndromes.  Lamotrigine and Topiramate are effective as 
initial monotherapy for generalized seizures,  and  Topiramate, Lamotrigine, 
Oxcarbazepine and Gababentin for partial onset seizures.  Zonisamide is effective as 
an add-on therapy for patients with partial seizures and may additionally acts as a 
free radical  scavenger thereby provide additional protection of neurons.  The 
difficulty encountered in treating patients with various seizure types and choosing 
the right AED on an individual basis particularly when new agents are being 
marked suggests that further research is needed in epileptogenesis, how to stop 
seizures, and possibly cure the underlying lesional pathology. 
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