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Abstract Epilepsy is a neurological disorder characterized
by spontaneous, recurrent and paroxysmal cerebral discharge,
clinically leading to persistent alterations in function and
morphology of neurons. Oxidative stress is one of possible
mechanisms in the pathogenesis of epilepsy. Oxidative stress
resulting from mitochondrial dysfunction gradually disrupts
the intracellular calcium homeostasis, which modulates
neuronal excitability and synaptic transmission making
neurons more vulnerable to additional stress, and leads to
neuronal loss in epilepsy. In addition, the high oxidative status
is associated with the severity and recurrence of epileptic
seizure. Hence, treatment with antioxidants is critically
important in epileptic patients through scavenging the
excessive free radicals to protect the neuronal loss. In this
review, we reviewed the recent findings that focus on the role
for antioxidants in prevention of mitochondrial dysfunction
and the correlation between oxidative status and disease
prognosis in patients with epilepsy.

Keywords Epilepsy .Mitochondrial dysfunction .

Oxidative stress . Antioxidative system

Introduction

Epilepsy is an etiologically and clinically diverse group of
neurological disorders characterized by spontaneous, recur-

rent, paroxysmal cerebral discharges, resulting clinically in
permanent alterations of normal function and morphology
of neuronal cells, and even cell death (Treiman 1995).
Oxidative stress is one of possible mechanisms in the
pathogenesis of epilepsy. Oxidative stress caused the
peroxidation of cellular protein, membrane lipid, and
nuclear DNA and led to the loss of mitochondrial structure
and functions (Floyd 1990). It impaired mitochondrial
oxidative phosphorylation, resulted in excessive free radical
generation and a deficient antioxidant system (Fillano et al.
2002; Peternel et al. 2009), thus a vicious circle was initiated.
Further, mitochondrial dysfunction disrupted the intracellular
calcium homeostasis and mitochondrial membrane depolar-
ization that led to severe neuronal loss in epilepsy
(Waldbaum and Patel 2010). Both excessive free radical
generation and a deficient antioxidant system are associated
with an increased risk of seizure recurrence (Jesberger and
Richardson 1991; Kürekçi et al. 1995). Human and animal
studies have demonstrated that antioxidant supplemen-
tation prevented the progressive deterioration of epilep-
sy (Gupta et al. 2004; Sumanont et al. 2006; Wu et al.
2009). Hence, antioxidant therapy is beneficial for
epileptic patients according to the brain oxidative status.

In this review, we focus on the improvements by antioxidant
in the mitochondrial dysfunction and on the evaluation of
prognosis by the detection of oxidative status in epilepsy.

Mitochondrial dysfunction and oxidative status
in epilepsy

Mitochondrial dysfunction has been identified as a potential
cause of epileptic seizure. Myoclonus epilepsy is the most
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well known mitochondrial disorder with an epileptic pheno-
type. An A to G transition mutation (A8344G mutation) at
nucleotide pair 8344 in human mitochondrial DNA (mtDNA)
has been identified as the cause of myoclonus epilepsy. The
mutation alters the TψC loop of the tRNALys gene and creates
a CviJI restriction site which affects the biosynthesis of
mitochondrial oxidative phosphorylation protein (Shoffner et
al. 1990; Zeviani et al. 1993). In addition, Wu et al. (2010)
indicated that the mtDNA mutation results in not only
excessive production of reactive oxygen species (ROS) but
also a deficient antioxidant system in cultured cells harboring
the A8344G mutation of mtDNA. Thus, oxidative stress
is involved in the mtDNA mutation-induced epilepsy. Kudin
et al. (2009) also showed a list of mitochondrial DNA
mutation associated with epileptic phenotypes. The majority
of these mutations are located in the mitochondrial tRNA
genes and nuclear genes that affect the mitochondrial
respiratory chain or adenosine triphosphate (ATP) synthesis.
The severity of genetic mitochondrial dysfunction increases
with time, eventually leading to intracellular calcium
dyshomeostasis and results in neuron excitotoxicity and
neuronal loss (Wojda et al. 2008).

Oxidative stress is the initiator in the pathogenesis of
epilepsy. The oxidative stress-induced impaired mitochondrial
respiratory chain causes excess generation of free radicals and
the deficient antioxidant system (SOD, superoxide dismutase;
CAT, catalase; GPx, glutathione peroxidase;GR, glutathione
reductase; GSH/GSSG, glutathione/glutathione disulfide),
resulting in a continuation of a vicious cycle and progressive
cell death in the epileptic area of the brain (Frantseva et al.
2000; Milatovic et al. 2002; Peternel et al. 2009; Malinska et
al. 2010). Chuang et al. (2009) demonstrated that NO−, O2

−,
and peroxynitrite depressed the neuronal mitochondrial
respiratory enzyme complex Ι activity in a time-dependent
manner, induced cytosol-bound release of cytochrome c from
the mitochondria, accompanied with activation of caspase 3
that leads to apoptotic cell death in the hippocampal CA3
subfield. The increased generation of ROS has been
observed in status epilepticus induced by kainite or
pilocarpine (PC) (Frantseva et al. 2000; Liang et al. 2000;
Tsai et al. 2010) and in the low magnesium model of a
seizure-like event (Schuchmann et al. 2002; Kovács et al.
2002). Liang and Patel (2006) have shown that hippocampus
redox status was reduced following the kainate-induced
seizure in a time-dependent manner. Using PC-induced
different epileptic seizure, our previous study found that
PC-treated with prolong seizure had excessive ROS produc-
tion and decreased SOD, GPx and CAT activities compared
to the control group. PC-treated with repeated seizure had
lower activities of GPx and GSH compared to the control
group (Tsai et al. 2010). Medication and brain surgery have
been suggested for modulating the progression of epilepsy
for most patients. Epileptic patients showed a correlation

between advanced oxidation protein products and the
developing time of the illness (López et al. 2007). In
addition, some antiepileptic drugs, such as carbamazepine
and phenobarbital decrease the antioxidant system and
seriously increase membrane lipid peroxidation in neurons,
leading to an increase in seizure recurrence (Hamed and
Abdellah 2004; Aycicek and Iscan 2007). Thus, the
antioxidant supply is considerable as an additional therapy
with antiepileptic drugs for preventing the deterioration of
epilepsy and seizure recurrence.

Hurd et al. (1996) indicated that N-acetylcysteine (NAC) is
a sulfhydryl antioxidant that increases cellular glutathione and
the activity levels of several antioxidant enzymes. NAC has
additional actions that contribute to its efficacy in preventing
or decreasing oxidative damage in progressive myoclonus
epilepsy. Gupta et al. (2001) indicated that the brain
malondialdehyde (MDA) levels were significantly elevated
in the FeCl3-induced posttraumatic seizures model of rats,
while resveratrol delayed the onset of the appearance of
epileptiform EEG changes by reducing the brain MDA level.
Other antioxidants such as melatonin and curcumin prevent
the oxidative stress-induced mitochondrial dysfunction, neu-
ronal damage and increase the antioxidant activity in epileptic
human and experimental animals (Gupta et al. 2004; Wu et
al. 2009; Sumanont et al. 2006). Our study showed that the
methioine-induced oxidative stress in the brain of chicks was
decreased by the supplementation with vitamin E (Lin et al.
2005). In addition, we also collected and analyzed the
indicators of oxidative stress (ROS, homocystein, MDA),
and antioxidant activities (SOD, CAT, GPx, GR and GSH/
GSSG) in the hippocampus of postoperative epileptic patients
for predicting the outcome of epileptic surgery (Chang et al.
2005a, b). Our results suggested that the lower oxidative
stress (ROS and MDA) and high antioxidant activity (SOD)
are the predictors for a better outcome of epileptic surgery.
Hence, antioxidant therapy plays a crucial role in the
prevention of oxidative damage in mitochondrial dysfunction
and recurrence of epileptic seizure. In addition, the detection
of brain oxidative stress is essential for evaluating the
prognosis of epileptic patients.

Brief overview of contribution to this minireview series

This review summarized the findings that focus on the
mitochondria dysfunction and oxidative status in epilepsy.
Mitochondrial dysfunction has been identified as a potential
cause of epileptic seizure and therapy-resistant forms of
severe epilepsy. Experimental and human studies have
suggested that excessive free radical generation and a
deficient antioxidant system are directly or indirectly
implicated as taking part in the pathogenesis of epilepsy,
resulting in seizure recurrence and resistance to treatment
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with antiepileptic drugs (Hamed and Abdellah 2004).
Antiepileptic drugs alter the neuronal oxidative status and
increase membrane lipid peroxidation, leading to the
increased risk of seizure recurrence (Hamed and Abdellah
2004). Epileptic patients and experimental animals with the
antioxidant supplementations, such as vitamin E, melatonin
and resveratrol, improve the oxidative damage in mito-
chondrial dysfunction. Hence, the antioxidant supply is
beneficial for the prevention of mitochondrial dysfunction
and recurrence of epilepsy. In addition, the detection of
brain oxidative status is important for predicting the
prognosis of patients with medication or surgery.
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