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Abstract:	 Experimental models of epilepsy or status epilepticus (SE) provide evidence that seizures result in diffuse brain damage. 
Other neurological conditions are also associated with neurodegeneration, for example, stroke, head injury and 
chronic neurodegenerative diseases. In this review, the neuroprotective effects of a number of newer or potential 
antiepileptic drugs (AEDs) are considered in general in models of experimental epilepsy and ischemia.

	 Among newer AEDs, felbamate, gabapentin, tiagabine and topiramate proved to be neuroprotective agents 
against seizure, or ischemia-generated neuronal death. The same profile of activity was presented by a potential 
AED, talampanel. Vigabatrin and levetiracetam were effective against ischemia-induced neurodegeneration, while 
their effects in seizure models were less consistent. It may be assumed that the neuroprotective effects of AEDs in 
models of epilepsy or SE may prevent continuous progression of epileptogenesis, thus improving the condition of 
epileptic patients. However, this possible association may not be that clear. There are data indicating that in spite 
of clear-cut neuroprotection in models of SE, the subsequent occurrence of spontaneous seizure activity was not 
prevented. There is also no significant correlation between neuroprotection in experimental ischemia and clinical 
data. 	Neuroprotection afforded by AEDs is evident. However, it is not still clear whether this can have a clinically 
relevant potential. The available clinical data on brain ischemia and AEDs are not encouraging. So far, there are no 
clinical data whether the neuroprotective effects of AEDs in experimental models of epilepsy possess any impact on 
the severity of epilepsy. It is possible that AEDs will prove effective in some chronic neurodegenerative diseases.
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REVIEW

INTRODUCTION

Despite the development of a number of newer antiepileptic 
drugs since the 1990s, about 30% of epileptic patients are 
not sufficiently treated with antiepileptic drugs (AEDs) [1]. 
However, treatment with AEDs begins following the onset 
of seizures, and the drugs are known to alleviate this main 
manifestation of epilepsy. In this context, they cure the 
symptom but not the cause of epilepsy. An initial brain insult 
(infection, febrile seizures, inflammation), sometimes even 
difficult to identify, may trigger a sequence of pathological 
events which eventually lead to the manifestation of seizures 
[2]. This long-lasting process, sometimes taking years – called 
epileptogenesis – remains untreated. 

However, a relationship between initial brain insults, or 
seizures, and neurodegeneration has been sufficiently proved. 
For instance, Klitgaard et al. [3] have shown that even a short 
seizure episode, lasting less than 2 minutes, can induce 
neuronal cell loss. Status epilepticus (SE), which may last for 

hours, is a devastating condition for neurons – many models 
of SE in rodents indicate diffuse brain lesions [4].

The degree to which excitotoxic neuronal damage occurs 
during SE is dependent on the presence and duration of 
electrographic seizure activity. Therefore, the most effective 
way to minimize neuronal damage is to stop seizures as 
soon as possible after their onset. A large proportion of SE-
induced neuronal death is necrotic, but a small proportion 
of cells appears to die by programmed caspase-mediated 
mechanisms. Activation of ionotropic glutamate receptors, 
however, has been thought to play an integral role in the 
pathophysiology of SE-induced neuronal damage. Therefore, 
as Fisher et al. [5] have shown, it would be expected that 
glutamate antagonists would be effective in reducing the 
initiation and propagation of seizure-induced excitotoxicity 
and its associated neuropathology. 

Mechanisms leading to neurodegeneration. Neurons 
may die through 2 independent processes: necrosis and apoptosis 
[6]. Necrosis is mainly dependent upon the excitotoxicity 
mediated by the major excitatory neurotransmitter – glutamate, 
which acts through 2 populations of receptors: ionotropic 
and metabotropic receptors [for review, see 7]. N-methyl-
D-aspartate (NMDA) ionotropic receptors mediate the 
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influx of calcium and sodium ions into the neurons. Sodium 
currents are also mediated via the remaining 2 types of 
glutamate ionotropic receptors – for α-amino-3-hydroxy-
5-methylisoxazole-4-propionate (AMPA) and kainate (KA). 
Sodium ions are the first to enter the neurons, following 
glutamate-induced overexitation, triggered by seizure activity 
[8]. An excess of intraneuronal sodium content results in water 
influx, eventually leading to neuronal swelling. This is an initial 
phase of neurodegeneration. In the second phase, increased 
calcium influx is associated with the activation of a number 
of catabolic enzymes (calpains and phospholipases) which 
destroy the neuronal cytoskeleton and produce microtubular 
dysfunction [9]. It seems that calcium ions play the most 
important role in the process of neurodegeneration via a 
necrotic route; the hippocampal granulae cells are relatively 
resistant to the glutamate-induced neurodegenration [10]. 
This is evidently due to the high concentration of calbindin 
(a calcium binding protein) in these cells [10]. Glutamate-
induced overexcitation evidently activates neuronal nitric 
oxide synthase, which leads to overproduction of nitric oxide, 
and consequently increased concentration of free radicals [11] 
which may further enhance neurodegeneration.

FELBAMATE (FBM)
FBM is an antiepileptic drug possessing a very broad 

anticonvulsant spectrum. Due to the possibility of induction of 
fatal adverse effects (bone marrow suppression), its current use 
has been drastically reduced [7]. FBM has been documented to 
block voltage-dependent sodium and calcium channels, as well 
as enhance GABA-ergic inhibition. This antiepileptic can also 
decrease glutamate-induced excitation via a glycine-sensitive 
site on the NMDA glutamate receptor [12].

Neuroprotective activity. There is broad evidence for 
the neuroprotective properties of FBM. FBM proved to be 
neuroprotective against CA1 traumatic neuronal injury at 
FMB serum concentrations similar to those reported in FBM 
monotherapy for seizures [7]. FBM administered after a 
hypoxic-ischemic insult, caused by bilateral carotid ligations 
in rat pups, has been proved effective in reducing cerebral 
infarction, and extremely effective in preventing delayed 
neuronal necrosis [13]. In a gerbil model of global ischemia, 
FBM administered post hoc is remarkably effective in preventing 
delayed apoptosis secondary to global ischemia, but in doses 
higher than those used for anticonvulsant treatment [13]. Also, 
FBM significantly protects cells in hippocampal slice cultures 
from death induced by oxygen/glucose deprivation [7]. 

GABAPENTIN (GBP)
Although GBP, as a cyclic, GABA analogue designed to 

enter the brain easily, was intended to yield GABA following 
its passage throughout the blood-brain barrier; however, this 
is rather not the case. So far, the drug has been proved to 
moderately increase brain GABA concentration, and its crucial 
mechanism of action related to blocking the alpha-2-delta 
subunit of voltage sensitive calcium channels [12].

The existing evidence points to GBP as an effective 
adjunctive drug against refractory partial seizures in adults 
and children [14]. 

Neuroprotective activity. There is one negative study 
indicating the ineffectiveness of the drug (up to 300 mM 
in vitro) to protect neurons against deprivation of oxygen or 

glucose in the medium which, to a certain degree, imitates 
ischemia [15]. On the other hand, existing evidence points 
to clear-cut neuroprotective effects of GBP in a KA model 
of SE in rats: administration of GBP was started 24 h after 
termination of SE and continued for one month [16]. 

LEVETIRACETAM (LEV)
LEV is unique in that it does not interfere with practically 

any receptors for brain neurotransmitters, apart from the 
beta-carboline site of the benzodiazepine receptor [12]. There 
are data pointing to the blockade by LEV of the N calcium 
channel [12]. The main target of this drug is probably SV2A, 
the synaptic vesicle protein involved in exocytosis [17]. The 
exact nature of this interaction is far from being completely 
understood, but it is likely that LEV may affect the release of 
neurotransmitters via this mechanism. It is remarkable that 
a correlation exists between the potency of binding shared 
by LEV or its derivatives and their ability to control the tonic 
component of audiogenic seizures in mice [18]. This AED 
is effective against idiopathic generalized as well as against 
drug-resistant partial epilepsies [19, 20]. 

Neuroprotective activity. LEV has been documented to 
exert neuroprotective effects in a model of SE (self-sustaining 
SE) in rats [21]. However, the AED remained ineffective 
against pilocarpine-induced hippocampal damage [16]. There 
are reports that LEV may be neuroprotective in models of focal 
(but not global) ischemia [22].

PREGABALIN (PGB)
PGB, similar to GBP, potently binds to the alpha-2-delta 

subunit of voltage sensitive calcium channels, which leads to 
a considerable reduction of calcium influx into the neurons 
[12]. Interestingly, this AED is completely ineffective for all 
types of GABA receptors and does not interfere with either 
GABA release, uptake or metabolism [12]. In animal models 
of epilepsy, PGB inhibits MES-, PTZ-, sound-induced seizures, 
as well as amygdala-induced convulsions [23]. This AED is 
effective against partial seizures with (or without) secondary 
generalization [12].

Neuroprotective activity. In the lithium/pilocarpine 
model, chronic PGB significantly reduced neurodegeneration 
of the basal cortex, and retarded the development of subsequent 
spontaneous seizures [23].

TALAMPANEL (TLP)
This AED, undergoing intensive clinical trials, is actually 

a selective antagonist of AMPA/KA receptors [13]. To date, 
the data indicate that it is effective against refractory partial 
seizures [24]. 

Neuroprotective activity. The existing evidence points to 
its protection of rat neonatal striatal neurons against AMPA 
neurotoxicity [25]. TLP is also effective against experimental 
perinatal hypoxia/ischemia [26].

TIAGABINE (TGB)
TGB inhibits intraneuronal and intraglial GABA uptake, 

thus increasing the concentration of this inhibitory 
neurotransmitter in the synaptic cleft [12]. This AED is 
especially recommended as an add-on therapy for drug-
resistant partial epilepsy [14]. 
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Neuroprotective activity. Perforant pathway stimulation 
model of status SE in unprotected animals evokes evident 
lesions to the CA1 and CA3 hippocampal pyramidal cells, and 
subsequent spatial memory deficits [7]. TGB has effectively 
alleviated the above-mentioned abnormalities, including 
behavioural memory deficit [7]. 

TOPIRAMATE (TPM)
TPM is an AED sharing a couple of important mechanisms 

of action. The drug reduces glutamate-mediated excitation 
by blocking AMPA/KA receptors and enhancing GABAA-
mediated chloride currents. Apart from its receptor activities, 
TPM blocks voltage-dependent sodium and calcium channels. 
Finally, TPM increases potassium currents and may be 
regarded as a weak inhibitor of some carbonic anhydrase 
isosymes [12].

This AED possesses a very broad spectrum of activity 
against diverse seizure models, including MES, amygdala-
kindling, audiogenic convulsions, and genetically determined 
spontaneous convulsions in rats [7]. However, it is considerably 
less active against chemically-induced seizures [7]. 

According to French et al. [14], TPM is clinically effective 
against generalized tonic-clonic convulsions, as well as partial 
epilepsies, including refractory convulsions. Interestingly, this 
AED may also be used in the form of monotherapy [12].

Neuroprotective activity. TPM has been found to 
effectively protect hippocampal neurons in vivo against death 
produced by SE obtained by prolonged electrical hippocampal 
stimulation in rats. The conventional AED, phenytoin, was 
completely ineffective in this respect [27]. Rigolout et al. 
[28] have studied brain neurodegeneration and subsequent 
epileptogenesis in rats exposed to lithium/pilocarpine-induced 
SE. TPM apparently provided a clear-cut neuroprotection in 
the hippocampus and in the ventral cortex when compared 
to animals not pretreated with this AED. Strikingly, the 
subsequent occurrence of spontaneous seizure activity was 
evident in both vehicle and the TPM-pretreated group. 

Interesting data exists on the neuroprotection provided by 
TPM in conditions not associated with seizure activity. For 
instance, Follett et al. [29] have proved that TPM efficiently 
protected against hypoxic-ischemic injury to the white matter, 
evidently sparing oligodendrocytes. This has been positively 
correlated with an improved neurological outcome in that 
subsequent motor deficits in rats were significantly reduced 
[29]. 

VIGABATRIN (VGB)
VGB, similar to TGB, has one major mechanism of action 

related to the GABA-ergic system in that the AED produces 
an irreversible inhibition of GABA transaminase, thus leading 
to elevated GABA concentration in the synaptic cleft [12]. 
There are also suggestions that VGB may reduce the brain 
concentration of excitatory amino acids and increase the level 
of glycine in the brain [12].

The AED is effective against amygdala-kindled seizures in 
rats [30], sound- and KA-induced convulsions [12]. Clinically, 
it is especially recommended in West syndrome [31]. It is 
also effective against drug-resistant complex partial seizures. 
However, its clinical use has been complicated by reports on 
visual filed constriction observed in patients receiving VGB 
therapy [12,18]. 

Neuroprotective activity. In the perforant path 
stimulation model of SE in rats, VGB has been documented 
to reduce the subsequent brain damage [9]. The AED has 
also been shown to exert a clear-cut neuroprotection in the 
hippocampus, following lithium/pilocarpine-induced SE [7]. 
VGB has been also found effective as a neuroprotectant in the 
pilocarpine model of SE, but failed to provide neuroprotection 
when electrostimulation of hippocampus was applied [16].

It is remarkable that VGB given chronically to rodents, 
evoked reduced myelin staining in the external capsule, as 
well as vacuolization of myelin and degeneration of glial cells 
in the white matter. However, these apparently negative effects 
have never been observed in primates [7]. 

The neuroprotective effects of AEDs are summarized in 
Table 1.

Table 1  Neuroprotective properties of newer and potential antiepileptic 
drugs (AEDs)

AEDs	 Neuroprotection	 Neuroprotection in 
	 in ischemia	 experimental 
		  epilepsy

Felbamate	 +	 +
Gabapentin	 NT*	 +
Levetiracetam	 +/-	 +/-
Pregabalin	 NT	 +
Tiagabine	 +	 +
Topiramate	 +	 +
Vigabatrin	 +	 +/-
Talampanel (a potential AED)	 +	 +

+ consistent positive data; +/- inconsistent data; NT – not tested; 
* Not tested in vivo

Although, a number of AEDs have been proved to exert 
evident neuroprotective effects in models of experimental 
ischemia, there is no clinical support for this [32]. This may 
indicate that AEDs may not improve the therapy of ischemic 
patients.	

Considering that even a single seizure has been shown to 
precipitate neuronal loss [3], the neuroprotective effects of 
AEDs in models of experimental epilepsy provide hope that 
this particular effect may have a clinically relevant potential. 
As reviewed above, some AEDs exert potent neuroprotective 
activity in models of severe SE, producing diffuse brain damage 
in untreated animals. It is noteworthy to underline that in mice 
with lesioned by intracerebroventricular KA hippocampi, the 
anticonvulsant activity of benzodiazepines and barbiturates 
is significantly reduced, both against electroconvulsions and 
PTZ-induced seizures [33, 34]. Therefore it is not unreason
able to assume that neurodegeneration may, in fact, reduce 
the protective potential of some AEDs. In this context, 
neuroprotection would be a valuable factor preventing the loss of 
therapeutic efficacy of at least some AEDs. If hippocampal lesion 
is associated with an impaired activity of benzodiazepines and 
barbiturates, lesions to other brain structures may negatively 
affect the protection offered by other AEDs. However, this 
intriguing possibility needs verification through experiments. 

Another expectation with neuroprotection would be slowing 
down the process of epileptogenesis. However, a study by 
Brandt et al. [35] indicates that there may be no association 
between neuroprotection and epileptogenesis. They have 
documented that prevention by dizocilpine the hippocampal 
neurodegeneration caused by KA-induced SE in rats, had no 
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impact on the development of spontaneous seizure activity. 
In fact, the percentage of animals displaying spontaneous 
convulsions was not significantly different in the control 
(lesioned) and dizocilpine-treated (unlesioned) groups. Some 
data, however, indicate that neuroprotection may be positively 
correlated with cognitive performance [7]. 

One of the newer AEDs, zonisamide, improved motor 
functions in patients with Parkinson’s disease when co-
administered with levodopa [36]. Although this beneficial 
effect may be not directly associated with neuroprotection, the 
horizons for therapeutic targets of AEDs may be broadened. TLP 
has been evaluated, anyway, in a primate model of Parkinson’s 
disease with very encouraging effects [37]. Another example 
is LEV, documented as improving the quality of the lives of 
patients with Huntington’s chorea [38].

An additional important problem deserves special attention. 
Specifically, a number of AEDs (clonazepam,diazepam, 
phenobarbital, phenytoin, valproate, and VGB) have been 
proved to induce massive apoptosis when administered in 
anticonvulsant doses in young rodents [39]. Also, TPM has 
been tested as an apoptotic potential and it became evident 
that this AED induced apoptosis at doses several times higher, 
in the neurotoxic range [40]. This may indicate particular 
hazards when some AEDs are administered to children. To date, 
some newer AEDs have not been verified in this respect.

CONCLUSIONS

Finally, although there are still more questions than actual 
answers in the field of neuroprotection provided by AEDs, this 
area of research may yield new efficient treatment strategies, 
also in conditions other than epilepsy, such as Alzheimer’s 
disease, Parkinson’s disease, or other neurodegenerative 
conditions as Huntington’s chorea.
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