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Abstract Post traumatic epilepsy is the development of recurrent
seizures following head trauma and has a high clinical relevance. Several
risk factors including some genetic factors increase the susceptibility of
post traumatic epilepsy. The precise mechanisms of epileptogenesis in
post-traumatic epilepsy are still poorly understood. Many structural,
physiologic and biochemical changes in the brain may account for
epileptogenesis. The reactive oxygen species (ROS), especially "OH and
excitotoxicity are primarily involved. Antioxidants, like tocopherol,
antiepileptic drug zonisamide, condensed tannins, melatonin, adenosine,
trans-resveratrol, and some other agents have been proposed to prevent
epileptogenic focus formation. The review also discusses various aspects
of post traumatic epilepsy, mechanisms of epileptogenesis, and clinical
implications.
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INTRODUCTION recurrent epileptic

seizures due to brain

Epilepsy is one of the most common
neurological disorders affecting nearly 0.5
percent of the world population (1).
Traumatic brain injury, which is a major
cause of morbidity and mortality world wide,
has been reported to be one of the major
risk factor for epileptic Post-
traumatic epilepsy occurs following severe

head characterized by

seizures.

injury and is

damage (2). It complicates the management
of the head injuries patients by increasing
the intracranial pressure and altering
the level of unconsciousness.

long

Among the
term complications of traumatic
injury, post traumatic epilepsy
remains one of the most troubling and in

the long term. PTE can have a negative

brain

effect on patients functioning. The more
severe the injury the more the likelihood
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that posttraumatic seizure will occur.
Epidemiology of PTE

The reported incidence of post-traumatic
epilepsy varies from 5% for head injury in
general to 25 to 30% for severe closed head
injury with hematoma, and up to 51% in
survivors of military penetrating head injury
(3). In the United States, the annual
incidence of head injury is about 200/100,000
population, and men are more often affected
than women. All studies show a peak
incidence of brain injury in young adults 15
to 24 years of age. Next most affected are
young children and the elderly. About 10%
of the brain injuries are fatal. Early seizures
occur in 2-5% of all patients with head
injuries, being more common in children
than adults (4). The frequency of early
seizures after severe head injuries is even
higher 10-15% for adults and 30-35% for
children. Early seizures are followed by late
in 25-35% of adults (5). Late
seizures, is a major residual complication
and an event that is difficult to predict.

seizures

Annegers calculated the relative risk of late
post traumatic epilepsy and found it to be
12.7% in the first year, 4.4% during the next
four years, and 1.4% thereafter in the follow

up (6).
Nature and Course of PTE

Depending on the time interval following
head trauma the epilepsy can be classified

into three major types, i.e. (i) impact
seizures, (ii) early seizures and (iii) late
seizures. Impact seizures are sometimes

considered as subgroup of early seizures and
occur immediately after or within 24 hours
after injury.
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Early seizures are acute symptomatic
seizures and appear within one week after
injury. Late seizures might have a chronic
course and occur after the recovery from the
acute effects of the injury. Late seizures may
be single or multiple. Only recurrent late
seizures are referred as post-traumatic
epilepsy (7). Although trauma accounts for
only about 5% of all epilepsy cases, this is
still a problem of considerable magnitude.
More importantly because it is a potentially
preventable cause of epilepsy.

What are the

risk factors for post-traumatic

epilepsy ?

Several risk factors complicate the
posttraumatic epilepsy, for example
neural location, agent of injury, severity,
missile injuries, loss of consciousness,

intracerebral hemorrhage, diffuse cerebral
contusions, presence of focal neurological
deficits and prolonged (> 3days)
traumatic amnesia.

post

Do Genetic factors affect susceptibility to post
traumatic epilepsy ?

Genetic susceptibility may also increase
the risk for epilepsy in patients of head
injury. Some investigators have reported
that a family history of epilepsy is more
subjects epilepsy
develops following head injury than those

common in in whom

in whom it does not (8, 9). Specific brain

genetic factors that cause a liability to

develop post traumatic epilepsy remains
unknown. However, a possible genetic
predisposition has been observed with

detection of decreased levels of serum

haptoglobin in familial epilepsy (10).
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Haptoglobins are acute phase
glycoprotiens in the alpha [I-globulin
fraction of serum that forms stable

complexes with hemoglobin. Sequestration
of free hemoglobin with haptoglobin is one
of the mechanisms against oxidative stress.
these

Impairment in the synthesis of

glycoproteins identify an inherent

susceptibility to development of epilepsy

may

after head trauma.

What are the mechanisms wunderlying post-

traumatic epilepsy ?

The precise mechanisms of epileptogenesis
in post-traumatic epilepsy are still poorly
However structural,

understood. many

physiologic and biochemical changes take
place in the brain following head trauma
which may account for epileptogenesis. Early
posttraumatic seizures are thought to be due
to mechanical damage to the neurons, caused
by extravasated blood. Head trauma initiates
that

and vasoregulation,

a sequence of responses includes
altered blood flow
disruption of blood brain barrier, increase
in intracranial pressure, focal or diffuse
ischemic inflammation,
of fiber
and blood vessels (11). The reports have
that
lipid peroxidation and
could be the

mechanisms, involved in the post traumatic

hemorrhage,

necrosis, and disruption tract

also suggested iron (hemorrhage)
induced neuronal
excitotoxicity probable
epilepsy. Red blood cells which lyse into
hemin and iron may lead to epileptogenesis
by affecting synaptic transmission.in the
ferric chloride model of epilepsy in rats. The
epileptogenic action of ferric chloride is due
to free radicals generation leading to cell

death (12).
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Fig. 1: Free radical mechanism underlying posttraumatic

epilepsy.
Excitotoxicity as a mechanism

Both clinical and experimental studies
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have demonstrated immediate and marked

increased in the extracellular level of
excitatory amino acids following brain injury
(13). In rats, seizures occurring immediately
after traumatic

or shortly injury are

accompanied by increased glutamate and
aspartate levels, postulated to be responsible
for epileptogenesis. Release of excitatory
amino acids may also be responsible for the
large calcium - dependent increase in extra
cellular potassium seen after experimental
brain injury. Increased extra cellular
potassium further
excitability and

epileptogenesis (14).

increases neuronal

may contribute to

Oxidative stress mechanism

It has been proposed that reactive oxygen
species (ROS), especially ‘OH, are involved
in the mechanism responsible for PTE. In
1978, Willmore et al reported an animal
model of post traumatic epilepsy. They
showed that epileptic seizure discharge in
electrocorticogram (ECOG) was induced 15
minutes after a single injection of FeCl
solution into the rat cerebral cortex (15). In
1979, it was shown that convulsive seizures

are induced by intracortical hemoglobin (Hb)

injection with a few days latency (16).
Willmore and Rubin suggested that after
intracranial hemorrhage, red blood cells
break down and release iron ions from

hemoglobin, which then generate ROS in
brain tissue by iron or Hb mediated reaction.
These free radicals react with methylene

group, adjacent to double bond of
polyunsaturated fatty acids and lipids,
causing hydrogen abstractions and
subsequent propagation of peroxidation
reaction.

Indian J Physiol Pharmacol 2006; 50(1)

Neurotransmitter and
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Fig. 2: Mechanism of Epileptogenesis.

The non enzymatic initiation and
propagation of lipid peroxidation causes
disruption of membranes and subcellular
organelles. Injury to membranes impairs
Nat-K* ATPase activity. As Na®™ KT ATPase
in neuronal membranes maintains ionic
gradients of neuron, a decrease in its activity
threshold.

leads to

decreases the convulsive
Injury to the

neurotransmitter disorders.

membrane also
The release of
aspartic acid, an excitatory neurotransmitter
increases, and the release of GABA, which
is an inhibitory neurotransmitter decreases

(17). Apart from this ‘OH accelerates the
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production of methylguanidine a known
endogenous convulsant from creatinine (18).
These findings
ROS specially hydroxyl radicals is involved

in the mechanism involved in posttraumatic
epilepsy.

suggest that oxidation by

What are the
prophylaxis for

treatments and

epilepsy ?

conventional
posttraumatic
Evidence demonstrate
head
increase the associated risk of PTE, and the
drugs
immediately after head injury is commonly
implemented as prophylactic
For anticonvulsant prophylaxis, phenytoin

that following

injury early seizure activity may

administration of anticonvulsant

measure.

is considered as the drug of choice because
efficacy and the
availability of a formulation for intravenous
with head
injuries are often medically unstable and

of its demonstrated

administration. The patients
especially vulnerable to such physiologic
consequences of seizures such as metabolic
acidosis, sudden increase in cerebral blood
flow and intracranial pressure. For these

reasons, phenytoin is administered
after brain injury in an effort to prevent

seizure activity and to minimize complications

soon

from seizures occurring during acute
management (19).
Standard treatment for patients with

moderate to severe head
phenytoin or fosphenytoin in a
equivalent to 20 mg/kg. Carbamazepine and
valproate are also useful

injuries is 1i.v.
dose

in treating the
early seizures. A large number of studies
that the early wuse of
anticonvulsants is effective in preventing
early PTE
demonstrate the efficacy of anticonvulsants

have shown

. However other studies failed to
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in preventing early seizures (20). In
experimental post-traumatic
epilepsy, inhibited the
occurrence of epileptiform EEG discharges,
could not affect the biochemical mechanism
of PTE i.e. Thus
an uninhibited lipid peroxidation might

be responsible for

model of
though phenytoin

lipid peroxidation.

ineffectiveness of

phenytoin in patients of post traumatic
epilepsy. However the suppression of
EEG discharges by phenytoin could be
attributed to its neuronal membrane

stabilizing effect (21).

Several newer anticonvulsants have also
been tried in PTE. These include gabapentin,
lamotrigine, topiramate and vigabatrin, and
most recently zonisamide (22). Vigabatrin
has also been shown to induce
protective effects in an experimental model

of PTE (23).

some

Need for effective and alternative pharmacological

agents

The
able to prevent PTE only to a limited extent,
thus there is a mneed for alternative
treatment This is
because the

current anticonvulsant drugs are

strategies. particularly

important used
anticonvulsants possess a high potential for
side effects, which can be complicated

further by the presence of brain

currently

injury.
Preventive measures, however appear to be
ineffective at preventing the development of
PTE, and may therefore unnecessarily expose
brain
drugs.
administered are not
cognitive impairment
epilepsy and
deleterious effects on cognition.

injured patient to anticonvulsant
Moreover, the anticonvulsant agents
against
posttraumatic

themselves

effective
after

may cause
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Since posttraumatic epilepsy involves
ROS in its pathogenesis, treatment designed
to prevent more
effective in epilepsy prophylaxis, than the
administration of anticonvulsant drugs that
prevent bio-
injury Anti-
epileptic drugs with antioxidant properties
may be one of the promising agents as they
have the alter the
pathology of the disease. Many antioxidants
have been examined in experimental models
of PTE (22).

peroxidation may be

convulsive seizures, while

chemical brain continues.

potential to basic

Can natural antioxidants prevent post traumatic

epilepsy ?

Levy et al in 1990 have reported that
tocopherol (Vit. E) administration
significantly reduced the of EEG
seizures induced by intracerebral FeCl2 (24).

onset

Tocopherol prevented both peroxidation and
epilepsy caused by injection
hippocampus in rats as did phenobarbital
(25, 26). Free radicals scavengers, such
as polyethylene glycol (PEG) monomer
with SOD or PEG-catalase
demonstrated beneficial activity in animal
models (27). An antiepileptic effect of
combination of Vit C, E, and L-ascorbic acid
has also been observed (28). TJ 960, a
Japanese herbal medicine has been found to
have scavenging activity for free radicals
generated iron induced
epileptogenic brain (29).
Recently, zonisamide has been reported to
exert free radical

iron into

have also

within an
region of rat

scavenging actions by
scavenging NO and -OH ions, along with
stabilizing the neuronal membranes.

Adenosine :
which is an

Adenosine endogenous
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neuromodulator, has been found to be an

effective antiepileptic agent in different
animals models (30). Adenosine has also
been shown to have free radical scavenging
activity and actions.

Adenosine has

neuroprotective
been demonstrated to

have an anticonvulsant action which is
mediated predominantly by the adenosine
Al receptor subtype. When phenobarbitone/
carbamazepine

were coadministered with

adenosine/N6-cyclopentyladenosine (CPA), a

specific adenosine Al receptor agonist,
an enhancement in protection against
PTZ-induced seizures was observed. The

diversity of anticonvulsant mechanism of
carbamazepine/phenobarbitone and that of
adenosinergic agents could be responsible for
this effect. (31, 32, 33). Yokoi et observed
the scavenging effects of adenosine and 2-
chloroadenosine on hydroxyl radicals and
also their effect on ferric chloride induced
cortical EEG discharge in an experimental
model of post traumatic seizures (34).

Melatonin :

The neurohormone melatonin (5-
methoxy-N-acetyltryptamine) was first
successfully isolated and identified from

bovine pineal. Melatonin is released in the
blood stream with a circadian rhythm that
peaks during the night. Pinealectomy has
been shown to produce convulsions (35). On
the basis of this it was hypothesized that
melatonin or some other substance released
has anticonvulsant properties. Melatonin has
shown both antiepileptic (36-38) and free
radical scavenging activity. Numerous in
vitro, in vivo and clinical studies have shown
potent antioxidant actions with melatonin
(39, 40). As a direct scavenger, melatonin
free electron

inactivates radicals by
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donation. However, its resist

damage

ability to

oxidative seems not exclusively
attributable to this process. Pharmacological
levels of melatonin have been reported to
stimulate the activity of glutathione
peroxidase (GSH-Px) in the brain, a major
antioxidant defensive mechanism in the
central nervous system. Melatonin, crosses
the blood brain barrier with ease and enters
both neurons and glia. It has been seen that
after peripheral administration of melatonin,
its brain concentration rises quickly.
Another feature that has generated interest
to melatonin is its possible neuroprotective
actions. Melatonin has been shown to alter
changes
inflicted by kainic acid in both in vitro and

in vivo studies (41).

the neuronal and Dbehavioral
The antiexcitotoxic
action of melatonin has been related to its
capability to scavenge free radicals (42).
Recently, melatonin has
inhibition of

shown in vivo

lipid  peroxidation in
intracortical ferric chloride model of post

traumatic epilepsy (43).

Transresveratrol :

After the realization of reduced cardiac

risk by red wine popularly referred as
French paradox, much interest has emerged
in resveratrol, which is the
constituent of red wine. Resveratrol ( 3, 4, 5

tri hydroxy stilbene) is a naturally occurring

active

phytoalexin present in high concentration in
skin of grapes and wine (44). It has been
shown to have a potent free radical
scavenging activity proven in various invitro
and in vivo studies. Resveratrol has also
shown the protective effects against ferric
chloride model of post traumatic epilepsy in
(20 and 40 mg/kg ip.)
administered 30 min before FeCl3 injection

rats. Resveratrol
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delayed the onset of the appearance of
epileptiform EEG changes. The brain MDA
levels were also significantly reduced in the
trans-resveratrol-treated animals as
compared to the vehicle-treated FeCl3-
injected rats. Recently transresveratrol has
shown its effectiveness in neurological
including epilepsy,
wherein it was reported that transresveratrol
is protective against middle cerebral artery

disorders stroke and

occlusion model of stroke. Protective effect
against
induced seizures and oxidative stress has

of transresveratrol kainic acid
also been reported. Pretreatment (5 min) of
single dose of trans-resveratrol (40 mg/kg
i.p.) could not inhibit the convulsions though
the latency was significantly increased.
When multiple doses of trans-resveratrol

were injected in two-dose schedules in
different animals (20 and 40 mg/kg ip, 5 min
prior and repeated 30 and 90 min after
kainic acid), there was significant reduction
in incidence of convulsions in both treatment
schedules. The brain MDA levels were found
to be significantly attenuated in the trans-
resveratrol-treated groups (multiple doses of
20 and 40 mg/kg) as compared to the kainic
acid alone. The protective effect of trans-
against
convulsions and the attenuation of raised
MDA level

antioxidants in the

resveratrol kainic acid-induced
suggest the potential use of
prevention of
posttraumatic epilepsy (45, 46, 47,48).
blockers

Calcium channel

Experimental studies have shown that

the total brain tissue calcium level is
increased in injury areas, a sustained
increase in intracellular calcium levels

initiates a series of damaging events (49).

The calcium antagonist nimodipine, a
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strongly lipophilic agent has been tried with
limited benefit (50).

Excitatory Amino Acid Antagonists

Excitatory amino acids have been shown
to play a major role in neuronal damage
(51).

studies

after brain trauma
Both

demonstrated an

experimental
clinical and experimental
immediate and marked

increase in the extra cellular level of
excitatory amino acids following injury (52).
Various
different sites have been developed, of which
4 were carried forward into phase III trials.

These are eliprodil, selfotel, D-3 (2- carooxy-

glutamate antagonists, acting at

piperazine-4-yl) propenyl -1 phosphonic acid
(D- ) and aptigonel (53).
Miscellaneous agents :

Condensed tannins, fermented papaya,
Uyaku, Gastrodia elata, Guilingji are some
of the herbal
significant
scavenging effects.

plant products exerting

antioxidant and free radical

These agents may be
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potential agents for
traumatic epilepsy or attenuation of epileptic

prevention of post

seizures (22).

Conclusions :

The conventional antiepileptic drugs
have not been fully effective in the
control and prevention of posttraumatic

epilepsy. Further their adverse side effects
limit their use for prophylaxis.
pharmacotherapeutic

The new
discussed
above may represent future pharmacological
interventions,
caused by reactions underlying epileptogenesis

options

aimed at limiting damage
(54). Some of them may be employed in
clinical practice, but up to date there is no
controlled study in human beings. Moreover,
partial effectiveness of anticonvulsant drugs,
refractoriness
effects
conventional antiepileptic drugs, advocate
the necessity of newer antiepileptic drugs
with  antioxidant and
properties, to combat the oxidative stress

adverse
with the use of

of epilepsies and
associated

neuroprotective

implicated in posttarumatic epilepsy.
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