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Experimental and clinical data indicate that epilepsy and seizures lead to
neuronal cell loss and irreversible brain damage. This neurodegeneration re-
sults not only in the central nervous system dysfunction but may also be re-
sponsible for the decreased efficacy of some antiepileptic drugs (AEDs). The
aim of this review was to assemble current literature data on neuroprotective
properties of AEDs. The list of hypothetical neuroprotectants is long and
consists of substances which act via different mechanisms. We focus on
AEDs since this heterogeneous group of pharmaceuticals, as far as mecha-
nisms of their action and mechanisms of neuronal death are concerned,
should provide protection in addition to antiseizure effect itself. Most studies
on neuroprotection are based on animal experimental models of neuronal de-
generation. Electrically and pharmacologically evoked seizures as well as
different models of ischemia are frequently used. Although our knowledge
about properties of AEDs is still not complete and discrepancies occasion-
ally occur, the group seems to be promising in terms of neuroprotection.
Some of the drugs, though, turn out to be neutral or even have adverse ef-
fects on the central nervous system, especially on immature brain tissue (bar-
biturates and benzodiazepines). Unfortunatelly, we cannot fully extrapolate
animal data to humans, therefore further well designed clinical trials are
necessary to determine neuroprotective properties of AEDs in humans.
However, there is a hope that AEDs will have a potential to serve as neuro-
protectants not only in seizures, but perhaps, in other neurodegenerative con-
ditions in humans as well. The novel AEDs (especially lamotrigine, tiaga-
bine, and topiramate) seem particularly promising.
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Abbreviations: AEDs – antiepileptic drugs,
BZDs – benzodiazepines, CBZ – carbamazepine,

FBM – felbamate, GABA – �-aminobutyric acid,
GBP – gabapentin, LTG – lamotrigine, NMDA –
N-methyl-D-aspartate, NO – nitric oxide, PhB –
phenobarbital, PHT – phenytoin, TGB – tiagabine,
TPM – topiramate, VGB – vigabatrin, VPA – val-
proate

INTRODUCTION

Research carried out in recent years has demon-
strated that epilepsy and seizures are often associa-
ted with neuronal lesions and neuronal cell loss.
That is why in current literature at least some forms
of epilepsy (e.g. temporal lobe epilepsy) are fre-
quently referred to as chronic, neurodegenerative
and progressive [46].

Several experimental methods have been ap-
plied in order to assess effects of seizures on brain
tissue in animals and humans. The experiments
have proved that both prolonged and brief repeated
seizures result in neuronal death.

Certain changes have been reported in rats sub-
jected to limbic status epilepticus after a convulsant
dose of the muscarinic cholinergic agonist, pilo-
carpine hydrochloride [58]. Morphological analysis
of the brains has revealed a widespread damage to
the forebrain. The substantia nigra, olfactory cortex,
amygdala, hippocampus, septum, temporal cortex
and thalamus sustained significant morphological
injury and cell loss. The most pronounced neurode-
generative changes occurred in pyramidal hippo-
campal cells in the CA1 and CA2 regions and the
neocortex (layers II, III, V). Another model of lim-
bic status epilepticus, where rats were subjected to
continuous hippocampal stimulation, has shown
that there is a definite link between the degree of
cell destruction and the duration of seizure activity
[20]. Cavasos and Sutula [9] conclude that the more
frequent the seizures in kindled rats, the greater
neuronal loss can be observed in limbic areas and
somatosensory cortex. This would indicate that also
brief repeated seizures produce neuronal destruc-
tion. Moreover, some data suggest that even a sin-
gle seizure episode may cause brain damage [45].

Assessment of neuronal loss in human epilepsy
is far more difficult. Yet, evidence of this process
can be provided. Magnetic resonance imaging find-
ings in patients with temporal lobe epilepsy point
to a correlation between epilepsy duration and hip-

pocampal volume decline [57]. Also histological
examination of post-surgical samples from patients
with temporal lobe epilepsy showed severe hippo-
campal changes, such as sclerosis, gliosis and py-
ramidal neuron loss [46]. In humans not surviving
status epilepticus, a characteristic pattern of neu-
ronal death has been observed. In patients who died
within several hours from the onset of status epi-
lepticus, only ischemic changes in the cerebellum
and neocortex were found, whereas in those who
died within several days, neurodegeneration in the
neocortex, cerebellum and hippocampus ( CA3 and
CA4 regions) was attested [11].

MECHANISMS OF NEURONAL

DEATH

It is believed that there are several different
mechanisms and neurochemical modulators of the
central nervous system damage. One of the essen-
tial mechanisms leading to neuronal cell death is
glutamate-induced excitotoxity. It has been demon-
strated that increased glutamate binding to post-
synaptic receptors induces the opening of sodium
and calcium channels. Ion entry is responsible for
triggering a chain of biochemical changes leading
to cell death. Both apoptosis and necrosis are con-
sidered to be involved in this process [59]. Several
intracellular proteins, which respond to calcium
overload, have been determined. Gelsolin leads to
cytoskeletal degeneration, whereas nitric oxide (NO)
synthase interferes with oxidative metabolism, re-
sulting in accumulation of free radicals [2, 39]. The
effect of excessive calcium entry into mitochondria
is energy deprivation and failure of neuronal ho-
meostasis [59]. Another possibility is apoptotic cell
destruction through the activation of procaspases
[39]. Additional factors contributing to neuronal
cell damage may be: growth factor withdrawal, cy-
tokines, toxins or protein accumulation [59]. The
aforementioned and possibly some other mecha-
nisms contribute to neuronal cell death not only in
epilepsy but also in other neurodegenerative condi-
tions.

Hypoxia may not only be a factor conducive to
brain damage during seizures or status epilepticus
but it may itself lead to neuronal cell death. Animal
experiments have shown that ischemic brain injury
is biphasic and can be divided into two stages:
early necrosis in the forebrain and more delayed
apoptotic-like process in the thalamus, brainstem
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and other non-forebrain regions [42]. It is also be-
lieved that hippocampal CA1, CA2 and CA3 re-
gions are among the most vulnerable ones [6]. As
the latter regions are affected over a certain period
of time, they could potentially benefit from neuro-
protective pharmacological agents. Middle cerebral
artery occlusion model is currently one of the best
means of assesing neuronal changes which result
from brain ischemia.

As epilepsy has been proved to cause neurode-
generation and progressive brain damage, neuro-
protection seems to play a crucial role in the ma-
nagement of the disease. It has been suggested that
anticonvulsant activity of antiepileptic drugs (AEDs)
may require intact neuronal structures within cer-
tain areas of the brain and that neurodegeneration
may decrease their efficacy. Czuczwar et al. [13,
14] have reported that intracerebroventricular in-
jection of kainic acid in mice, which resulted in pi-
ramidal cell loss in the CA3 subfield of the hippo-
campus, significantly reduced the protective effect
of diazepam and phenobarbital. Therefore, one may
presume that the action of other drugs elevating
�-aminobutyric acid (GABA) levels in the central
nervous system may be attenuated by seizure-
dependent brain damage.

The list of hypothetical neuroprotectants is long
and comprises substances with different mecha-
nisms of action. It includes sodium and calcium
blockers, glutamate inhibitors, NO inhibitors, anti-
oxidants, apoptosis-related protease inhibitors, not
to mention blood flow regulators or neurotrophic
factors [39].

We have decided to focus on evidence of neuro-
protective properties of AEDs and to check if they
offer neuroprotection via mechanisms other than
an antiseizure effect alone. AEDs are presumed to
act on ion channels, GABAergic and glutamatergic
systems or second messengers, hence, theoretically
they are good candidates to stabilize neurons and
protect them from insults [59].

NEUROPROTECTION

AND ANTIEPILEPTIC DRUGS

Conventional antiepileptic drugs

Benzodiazepines (BZDs)

BZDs are a group of antiepileptic drugs acting
via GABA. receptor potentiation and concomitant
opening of chloride channels [49].

Their neuroprotective properties are fairly well
documented in current literature. BZDs have turned
out to protect hippocampal neurons from degenera-
tion after transient cerebral ischemia in rodents.
Treatment with diazepam completely protected
CA1b hippocampal pyramidal neurons in 94% of
the animals which underwent occlusion of the ca-
rotid arteries, and partially protected pyramidal
neurons in 6% of these animals [50]. Imidazenil,
a partial BZD receptor agonist, has proved less ef-
fective than diazepam. Even postischemic diaze-
pam treatment in a model of global ischemia in rats
significantly reduced the CA1 neuron loss [25, 49].
Postischemic hypothermia may have enhanced the
neuroprotective effect of diazepam. However, neu-
roprotection is not conditioned by hypothermia.
Also clonazepam has proved to display neuropro-
tective action. Apart from offering inhibition of
epileptic activity, it prevented CA1 neuronal loss
after 10-minute bilateral carotid occlusion in Mon-
golian gerbils [32]. In a model of pilocarpine-
induced brain damage, BZDs once again turned out
to serve as neuroprotectants [58]. Nevertheless,
quite opposite results have been obtained in the ex-
periments carried out on immature rodents. Both
diazepam and clonazepam dose-dependently trig-
gered neuronal cell death in infant rat brains. Ultra-
structural analysis has proved that the cell death
was apoptotic [43].

Carbamazepine (CBZ)

CBZ belongs to the group of classical anticon-
vulsants. It blocks sodium ion channels [15].

CBZ seems to be less efficacious in terms of
neuroprotection than the novel anticonvulsants
in experimentally-induced status epilepticus [11].
Lahtinen et al. [28] have found that administration
of CBZ at typical anticonvulsive dose protects only
partially against pyramidal cell damage (significant
protection in the CA1 subfield, but not in the
CA3c) in experimental status epilepticus. More-
over, the drug protected neither against the hilar
somatostatin-immunoreactive neuron loss nor the
spatial learning deficit. In another study, CBZ re-
duced N-methyl-D-aspartate (NMDA)-mediated
brain injury (a 36% reduction) in an in vivo perina-
tal rat model [36]. It was, however, completely in-
effective against 4-aminopyridine-induced hippo-
campal damage in rats [44]. Some data indicate that
pretreatment with CBZ prevents a reduction of the
activity of sodium-potassium-adenosine triphos-
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phatase, a membrane-bound enzyme, in rat ische-
mic brain. This may beecome in useful during
treatment of cerebral ischemia [40].

Interestingly, Mark et al. [33] have reported that
CBZ may attenuate neurotoxic effects of amyloid-�
peptide (A�) and glutamate on the cultured rat hip-
pocampal neurons. It indicates that the drug may
potentially be advantageous in Alzheimer’s disease.

Toxicity against cerebellar neurons in vitro was
only evident when CBZ was added at suprathera-
peutic concentrations [19].

Phenobarbital (PhB)

Anticonvulsive properties of PhB are due to the
potentiation of GABA. receptor-mediated effects
and inhibition of glutamate activity. It is also be-
lieved that PhB blocks sodium ion channels [15].

We have found several studies in which both
neuroprotective and neurodegenerative properties
of the drug have been suggested. In the experiment
carried out by Vizuete et al. [60], PhB exhibited
protective effects against 1-methyl-4-phenylpyridi-
nium ion (MPP+)-induced toxicity in rats. PhB
turned out to block neuronal cell death also after
exposure to methamphetamine and kainic acid [48,
56]. In the latter model, PhB reduced mossy fiber
sprouting as well as neuronal damage in the dentate
gyrus. However, no evidence of protection against
cell loss in CA3 or other regions of the hippocam-
pus have been observed [56]. Quite surprisingly,
the study by Fishman et al. [17] demonstrates a 20–
30% reduction in cerebellar Purkinje and granule
cell count after exposure to PhB early in life. Pre-
and postnatal exposure to PhB also results in pro-
found histological changes of the cerebellar cells as
assessed by transmission electron microscopy. The
abnormalities include: mitochondrial degeneration,
lamellar bodies distribution and myelin sheath de-
generation. There are data which suggest that
PhB-induced cell death in the infant brain is apo-
ptotic [43].

Phenytoin (PHT)

PHT reduces intracellular sodium influx during
depolarization [15]. Neuroprotective action of PHT
has been well documented in both in vitro and in
vivo animal models. There are several studies which
have revealed protective properties of PHT in the
rat neocortical or hippocampal cultures after expo-
sure to glutamate or in an in vitro model of ische-
mia [33, 47, 66]. According to Weber and Taylor

[66], this protection refers especially to CA1 py-
ramidal cells and occurs even without blocking
synaptic potentials. Also in a rabbit model of spinal
cord ischemia in vivo, retrograde venous perfusion
with PHT provided significant protection [18]. In
another study of a global ischemia model, PHT
proved to eliminate nearly all histological signs of
hippocampal neuronal injury in rats [16]. In an in
vitro model of ischemia (oxygen and glucose depri-
vation in the rat corticostriatal slices for 10 min),
this AED was also effective [7].

Nevertheless, not all researchers agree that PHT
acts as a neuroprotectant. Studies by Kochnar et al.
[26] showed that the drug was not effective in re-
ducing ischemic injury in a multiple cerebral em-
bolic model in rabbits. Also, PHT did not protect
against NMDA-induced neuronal injury in cortical
culture [23]. When applied to developing neonatal
mouse cerebellar cultures, it even turned out to in-
duce degeneration. The degree of neurotoxicity
correlated with the drug concentration. The study
showed, however, that mature mouse cerebellar
cells were resistant to chronic exposure to high
concentrations of PHT [3].

Valproate (VPA)

Antiepileptic properties of VPA are linked with
the inhibition of sodium channels and possibly T-type
calcium channels. VPA may also enhance GABA-
ergic transmission [12, 15].

The neuroprotective action of VPA has been
documented mainly in in vitro studies. Bruno et al.
[5] have shown that VPA protects the culture of
cerebellar neurons against glutamate-induced neu-
rotoxicity. It comes as no surprise that it protects
cultured neuronal cells against low-potassium-in-
duced apoptosis as well [38]. In addition, VPA has
shown its neuroprotective effects against amy -
loid-� peptide (A�)- and glutamate-induced injury
[33]. There is only one in vivo study on the role of
VPA in hippocampal neurodegeneration caused by
a convulsant, 4-aminopyridine. Surprisingly, VPA
proved completely inactive in rats infused with this
potassium channel blocker [44].

In the study carried out by Murakami and Furui
[40], VPA turned out not to be efficacious in terms
of neuroprotection in a rat ischemic model. When
administered chronically, VPA causes some neuro-
degenerative alterations in the rat brains such as:
disseminated nonspecific neuronal lesions and patchy
nerve cell loss [55].
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Novel antiepileptic drugs

Felbamate (FBM)

FBM belongs to the group of novel AEDs. Its
antiseizure effect is connected with several mecha-
nisms: blockade of sodium channels (reduction of
neurotransmitter release) and voltage-dependent
(L-type) calcium channels (reduction of calcium in-
flux), and potentiation of GABA-mediated events.
FBM also acts on NMDA glutamate receptor, re-
ducing glutamate-mediated excitation [15].

There are many studies which have tested the
efficacy of FBM in either in vitro [63] or animal
models of transient brain ischemia [53, 64, 65].
FBM proved to have neuroprotective properties
when administered both before and after ischemia.
This protection is more significant when the drug is
given after the ischemic insult [53] and the window
of opportunity for post hoc treatment is within 1 to
4 h [64]. Some results suggest that neuroprotection
from hypoxia afforded by FBM is mediated by in-
teraction at glycine receptor [35, 61]. Longo et al.
[29] have indicated that FBM selectively blocks in
vitro kainate-induced irreversible electrical changes
in CA1 neurons but does not affect the disappear-
ance of the CA1 electrical response induced by glu-
tamate agonists, �-amino-3-hydroxy-5-methyl-iso-
xazoleproprionate or NMDA. Another study has
confirmed that FBM administered after bilateral
carotid occlusion reduces neuronal death in CA1
but this effect is significant only when doses are
higher than those given during typical anticonvul-
sive treatment [65].

In contrast, in a model of traumatic neuronal in-
jury, significant protection of CA1 area has been
proved at drug serum concentrations comparable
with those measured during monotherapy of sei-
zures [62].

Gabapentin (GBP)

There are only limited data on the neuroprotec-
tive potential of GBP. The drug has been docu-
mented to increase the synthesis of GABA and to
block voltage-dependent calcium currents through
a specific subunit of voltage-dependent calcium
channel [15].

GBP was found effective in an in vitro ischemia
test [7] but data on its effects against convulsive
agents or procedures are lacking.

Lamotrigine (LTG)

The antiepileptic effect of LTG is connected
with the blockade of sodium and L-type calcium
channels [15].

Several studies have demonstrated that LTG re-
duces hippocampal neuronal damage (particularly
in CA1 neurons) in animal models of cardiac
arrest-induced global cerebral ischemia [10, 51, 67].
Neuronal protection from transient ischemia of-
fered by LTG was effective irrespective of whether
it was administered before or after the insult. Fur-
thermore, Crumrine et al. [10] have found that pa-
tients on LTG monotherapy for epilepsy have
plasma concentrations very similar to those which
proved to be neuroprotective in their study. An-
other interesting fact is that mild hypothermia asso-
ciated with LTG treatment is more effective in neu-
roprotection than hypothermia or LTG alone [27].
It may suggest that the combination of LTG with
mild hypothermia could increase its neuroprotec-
tive properties. The drug has also been proved
effective in an in vitro model of ischemia [7]. In
a kainate-induced model of status epilepticus in
rats, LTG has reduced hippocampal neuronal loss
even at doses not protecting from seizures. The
authors conclude that seizure prevention and neu-
roprotection might not be tightly coupled [31].

Tiagabine (TGB)

TGB is a novel GABAergic agonist. It elevates
brain GABA levels via inhibition of its neuronal
and glial uptake (inhibition of GABA uptake trans-
porter, GAT1) [12].

Current data suggest that the drug may protect
not only from seizures, but also from neurodegene-
ration and neuronal cell death. Halonen et al. [21]
have tested TGB in a perforant pathway stimula-
tion model of status epilepticus. Even though two
days of TGB treatment did not change GABA le-
vels in the cerebrospinal fluid, it prevented the ap-
pearance of seizures during stimulation, reduced
CA1 and CA3c pyramidal cell loss as well as the
spatial memory impairment in animals. Yang et al.
[69] have found that postischemic treatment with
TGB improves neurobehavioral outcome and re-
duces brain infarction volume in focal ischemia
model in rats. The neuroprotective effect of TGB is
dose-dependent. Another research in an ischemic
model has proved that TGB inhibits the develop-
ment of hippocampal degeneration in the CA1 py-
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ramidal cell layer. However, these authors conclude
that postischemic hypothermia is partially respon-
sible for the neuroprotective action of the drug
[24]. The aforementioned results may suggest that
enhancement of GABAergic neurotransmission may
protect vulnerable neurons from death.

Surprisingly, Lukasiuk and Pitkanen [30] have
shown that the increased GABA level may be toxic
for a subpopulation of developing hippocampal
neurons in vitro. Also, an in vitro study by comet
assay has revealed that tiagabine treatment does
cause DNA damage in cortical rat astrocytes. As
DNA fragmentation occured only at very high con-
centrations, it is quite likely that at the usual recom-
mended doses TGB treatment is safe [8]. This,
however, raises the question of safety of therapies
aimed at increasing GABA levels in the immature
brain.

Topiramate (TPM)

Effect of TPM depends on multiple mechanisms
of action. The drug inhibits voltage- and receptor-
gated calcium channels, modulates voltage-depen-
dent chloride channels and blocks excitatory neuro-
transmission. TPM also enhances GABA-mediated
inhibition [12].

There are several studies striving to find out
whether TPM has neuroprotective properties. Ha-
naya et al. [22] report that TPM dose-dependently
reduces the severity of kindled seizures and delays
their occurrence. The administration of TPM after
experimental status epilepticus in adult male Wis-
tar rats attenuates seizure-induced hippocampal
neuronal injury (particularly in CA1 area and at
higher doses also in CA3 area) [41]. In a rat model
of focal ischemia, TPM has also proved to be neu-
roprotective. The treatment with TPM 2 h after the
right middle cerebral artery embolization provided
a dose- and use-dependent protection of neurons
[70]. In a model of focal cerebral ischemia, Yang et
al. [68] tried to test whether the addition of TPM
augments the efficacy of low doses of urokinase.
The data from their study suggest that the combina-
tion of low dose of urokinase with a neuroprotec-
tive agent like TPM may benefit ischemic stroke
treatment by improving neurologic recovery, re-
ducing the risk of cerebral hemorrhages and attenu-
ating the infarct volume of the brain. Moreover, the
administration of TPM in a rat model of global
ischemia reduced the degree of motor impairment,

seizure severity and hippocampal neuronal injury
[16]. All these studies indicate that in animal mo-
dels of global and focal ischemia, TPM signifi-
cantly reduces neuronal damage, thus protecting
against cerebral ischemia.

Vigabatrin (VGB)

Ambiguous data have been obtained with re-
spect to VGB (�-vinyl-GABA), another AED with
similar mechanisms of action on the central ner-
vous system. VGB inhibits GABA transaminase,
thus elevating GABA levels in the brain tissue [54].

Several studies suggest neuroprotective proper-
ties of VGB [1, 45]. In the lithium-pilocarpine mo-
del of temporal lobe epilepsy, applied by Andre et
al. [1], VGB protected against neuronal damage.
Their analysis showed that treatment with the drug
induced almost total neuroprotection in CA3, effi-
cient protection in CA1 and moderate one in the hi-
lus of the dentate gyrus. On the other hand, damage
observed in the entorhinal cortex was slightly
worsened by the treatment. The drug was also
found effective in preventing the effects of tran-
sient global ischemia in gerbils [52].

Some data suggest adverse effects of VGB on
the brain. In experiments on adult rats, high-dose
(200 mg/kg/day) chronic VGB administration was
associated with myelin vacuolation. However, when
immature rats were subjected to the treatment, even
at doses comparable to those used clinically (15–50
mg/kg/day), more profound changes occurred [54].
The histological findings were as follows: decreased
myelin staining in the external capsule, axonal de-
generation and glial cell death in the white matter
as well as reactive astrogliosis in the frontal cortex.
Researchers suggest that direct toxicity of VGB or
an indirect effect mediated through elevated GABA
levels could constitute the mechanism of damage.
Undoubtedly, further detailed studies are necessary
to determine the effect of the drug on the brain, es-
pecially on the immature and developing one. It is
vital in terms of VGB treatment safety in childhood
epilepsy.

All experimental data on neuroprotection are
shown in Table 1.

CLINICAL CONSIDERATIONS

It is of interest that among 20 patients with tem-
poral lobe epilepsy, examined by Mathern et al.
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[34], 90% had an initial precipitating injury, fol-
lowed by mesial temporal sclerosis. The authors
conclude that hippocampal cell loss and mossy fi-
ber sprouting seem to be progressive events after
the initial injury [34]. According to Meldrum [37],
pharmacological neuroprotection may be divided
into two main strategies – primary neuroprotection
and secondary one. The first strategy aims to re-
duce the initial insult by inhibiting seizure activity
and related sodium and calcium ion entry into the
neurons. Some AEDs, especially these acting on
ionic fluxes and inhibiting glutamate-mediated
events, appear to be good candidates for primary
neuroprotection. Possibly, secondary neuroprotec-
tion might be provided by agents suppressing the
neurodenegenerative cascade. Among such agents,
free radical scavengers, NO synthase or caspase in-
hibitors bear the significant clinical potential. Actu-
ally, caspases are involved in the apoptopic brain
damage and their inhibitors have been documented
to possess neuroprotective potential in experimen-
tal animals [4]. It is quite clear that any clinical tri-
als of neuroprotective agents in adults with chronic
epilepsy encounter considerable practical problems
but severe childhood epilepsies offer a good clini-
cal opportunity for intensive testing of existing
drugs and novel compounds in this regard [37].

FINAL CONCLUSIONS

Even though our knowledge about neuroprotec-
tion by AEDs is still not complete, in this review
we have tried to assemble experimental data which
support the thesis that anticonvulsants do perform
neuroprotective action. This neuroprotective effect
of AEDs is of great importance in the management
of a chronic condition like epilepsy. Apart from its
influence on brain function and concomitant pro-
gressive mental depletion in epilepsy patients, neu-
rodegeneration may also be responsible for de-
creased long-term efficacy of AEDs. Experiments
have shown that anti-seizure effect of diazepam
and phenobarbital are dependent on the intact func-
tion of the hippocampus [13, 14]. This, of course,
may also be true with reference to other anticonvul-
sants, especially those acting on the GABA. recep-
tor complex.

The experimental data concerning neuroprotec-
tion afforded by AEDs do not always coincide, e.g.
in one study FLB proved to have anticonvulsant
and neuroprotective properties at clinically effec-
tive doses, whereas in another, to obtain a neuro-
protective effect, higher doses than those used in
clinical therapy were required. Moreover, some of
the drugs turned out to have reverse effect on brain
tissue, especially on immature one (results given in
Table 1). This of course necessitates further re-
search.

Another problem with neuroprotection by AEDs
is the fact that we cannot fully extrapolate animal
data to human epilepsy and seizures. Only well de-
signed clinical trials could provide definite evi-
dence for neuroprotective properties of AEDs in
humans. So far, there have been very few convinc-
ing data. There is, however, strong hope and belief
that antiepileptics will turn out to serve as neuro-
protective agents not only in seizures but also in
other neurodegenerative conditions. The novel groups
of AEDs seem to hold promise.
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