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Abstract The present study was carried out to investigate the
effect of trimetazidine on the course of pentylenetetrazole
(PTZ)-induced chemical kindling and oxidative stress markers
in PTZ-kindled mice. Kindling was induced by repeated
injections of a subconvulsive dose of PTZ (30 mg⁄kg, i.p.) on
alternate days for 5 weeks or until stage 4 of the seizure score
was evoked on three consecutive administrations. Trimetazi-
dine was administered daily in three doses (5, 10 and 20 mg/
kg) per orally (p.o.) along with alternate-day PTZ. Following
PTZ kindling, oxidative stress parameters, i.e. levels of
malondialdehyde (MDA) and reduced glutathione (GSH),
were assessed in isolated homogenized whole brain tissue. The
results showed that PTZ treatment progressively increased the
seizure score in control mice. Biochemical analysis revealed a
significant increase in MDA levels and decreased GSH levels
in the brain homogenate of PTZ-kindled mice. Daily
treatment with trimetazidine in doses of 10 and 20 mg/kg
significantly decreased the PTZ-induced seizure score.
However, a low dose of trimetazidine (5 mg/kg) failed to

improve the seizure score. Pretreatment of trimetazidine in all
doses showed an ameliorating effect on biochemical alter-
ation induced by PTZ treatment. The results of the present
study indicate the potential anticonvulsant activity of trime-
tazidine against PTZ-induced kindling in mice.
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Introduction

Epilepsy is one of the commonest neurological disorders of the
brain, affecting approximately 1%of the population worldwide
(Dhir et al. 2005; de Oliveira et al. 2008). The pathogenesis of
neuronal damage in response to seizure has been widely
studied. A number of observations indicate that a series of
events occur in the process of epileptogenesis, leading to
neuronal damage. Amongst these alterations in various ionic
currents, oxidative damage via production of free radicals,
calcium (Ca+2) influx into the cells, nitric oxide production
and myocardial dysfunctions play an important role in
epileptogenesis (Frantseva et al. 2000a; Waldbaum and Patel
2010). A growing body of evidence indicates the role of
oxidative stress and mitochondrial dysfunctions both as
consequence and as a cause of epileptic seizure (Patel 2004).

The generation of free radicals in the brain has been
documented as a common pathway for cellular injury taking
place in many neurological disorders including epilepsy (Patel
2002; Dhir et al. 2005; Akula et al. 2007). The role of
oxidative stress has been implicated in the initial phases of
seizure-induced pathology, as several studies have reported
the production of reactive oxygen species in different brain
regions following experimental seizures (Maertens et al.
1995; Frantseva et al. 2000b; Patel 2004; Devi et al. 2008;
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Waldbaum and Patel 2010). The role of oxidative stress in
epilepsy is also supported by studies which suggest that
exogenously administered antioxidants protected the brain
against seizures (Nakao et al. 1996; Kabuto et al. 1998;
Bashkatova et al. 2003; Gupta et al. 2003). Thus, drugs with
antioxidant properties could be candidates for the prevention
of oxidative damage and its consequences, like epilepsy.

Trimetazidine (1(2, 3, 4- trimethoxy-benzyl) piperazine, 2
HCl) is a well-known anti-ischemic drug. It has demonstrated
protection against ischemic injury in a variety of tissues. In
experimental studies, it has demonstrated gastroprotective,
hepatoprotective, anti-inflammatory, anti-nociceptive and
anti-apoptotic activities (Yin et al. 2004; Abdel-Salam and
El-Batran 2005). Being lipid soluble in nature, it can cross
the blood brain barrier (Harpey et al. 1989).

The mechanistic approach has shown its potent antiox-
idant activity on various tissues by reducing the excessive
release of oxygen free radicals and inorganic phosphates
(Maridonneau-Parini and Harpey 1985; Guarnieri and
Muscari 1990). Moreover, trimetazidine has been reported
to optimize energy metabolism in tissues by improving ATP
production, reducing membrane lipid peroxidation, limiting
the overproduction of free radicals, maintaining the activity
of antioxidant enzymes and increasing the utilization of
glucose (Aubert et al. 1989). Recently, some reports indicate
the neuroprotective effects of trimetazidine in various exper-
imental models. These effects have been suggested to be due
to its antioxidant property (Mironovan et al. 2001; Dhote and
Balaraman 2008; Serarslan et al. 2009).

Baltalarli et al. (2000) and Iqbal et al. (2002) showed that
administration of trimetazidine during the period of ische-
mia–reperfusion injury reduced the number of damaged cells
in cerebral tissue and preserved neurological function in
transient global ischemia model in rats and gerbils, respec-
tively. Another study demonstrated a neuroprotective effect
of trimetazidine against excitotoxicity in vestibular gangli-
onic neurons of rats presumably mediated through the
inhibition/modulation of AMPA/kainate receptors (Dayanithi
et al. 2007). In rats, the protective effect of trimetazidine
through its antioxidant activity has been shown against iron-
induced epilepsy (Suzer et al. 2000). Trimetazidine protected
the kidney and heart tissue from injury mediated by lipid
peroxidation in experimental models of renal and cardiac
damage (Guarnieri and Muscari 1990; Grekas et al. 1996).
Recently, we have reported that trimetazidine is protective in
an acute model of electroshock convulsions in mice, possibly
through modulation of calcium channels (Jain et al. 2010).
For further confirmation of the anticonvulsant activity of
trimetazidine against epileptogenesis, the present study was
carried out to assess its effect on pentylenetetrazole (PTZ)-
induced kindling in mice.

Kindling is a widely used chronic model of epilepsy. Several
studies describe its validity and application to study seizure,

underlying the course of seizure and testing of anticonvulsant
drugs. Kindling refers to a phenomenon in which generalised
seizures are developed following repeated administration of
subconvulsive electrical or chemical stimuli due to progressive
intensification of seizure activity (Ali et al. 2005; de Oliveira et
al. 2008). Kindling induced by PTZ is extensively used as a
laboratory model of human partial complex epilepsy (Mason
and Cooper 1972; Corda et al. 1990). Therefore, the present
study was aimed to explore the possible effect of trimetazidine
on a PTZ-induced kindling model in mice.

Materials and methods

Animals

Healthy, albino male mice weighing between 25 and 30 g,
obtained from the central animal house of the University
College of Medical Sciences (University of Delhi) and
GTB Hospital, were used. The animals were housed in
polypropylene cages (43×28.6×15.5 cm) in groups of ten
mice per cage with free access to pellet diet and water and
kept under controlled environmental conditions (temperature,
22±2°C; humidity, 50–55%; natural light/day cycle). The
animals were taken care of in accordance with the guidelines
of the Committee for the Purpose of Control and Supervision
of Experiments on Animals, India. The study was approved
by the Institutional Animal Ethics Committee, University
College of Medical Sciences, Delhi, India.

Drugs

Trimetazidine tablets (Trivedon, 20 mg tabs; Cipla Ltd,
Mumbai, India) and PTZ powder (Sigma, MO, USA) were
used in the study. The trimetazidine tablets were crushed
and suspended with 1% carboxymethyl cellulose (CMC) in
double-distilled water. PTZ was dissolved in normal saline.
The control animals received a suspension of 1% CMC in
double-distilled water, per orally daily. All drugs were
given in a volume of 10 ml/kg.

Experimental design

Animals were randomly divided into five groups including
20 mice in each group. The first group of mice received
vehicle only throughout the study and served as control
group. Other groups were administered daily with vehicle (1%
CMC in double-distilled water) or trimetazidine (5, 10 and
20 mg/kg) per orally in addition to alternate-day PTZ for
5 weeks. All animals were injected with a subconvulsant dose
of PTZ (30 mg/kg, i.p.) on every alternate day till the kindling
develops fully or to a maximum period of 5 weeks. Trimeta-
zidine and the vehicle were given 1 hr before PTZ. After the
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study, the animals were sacrificed, and the whole brain was
dissected for estimation of markers of oxidative stress.

The following groups were included:

Group 1: vehicle (1% CMC) daily+saline, i.p. (on
alternate days)

Group 2: vehicle (1% CMC) daily+PTZ (30 mg/kg, i.p.,
on alternate days)

Group 3: trimetazidine (5 mg/kg, p.o.) daily+PTZ
(30 mg/kg, i.p., on alternate days)

Group 4: trimetazidine (10 mg/kg, p.o.) daily+PTZ
(30 mg/kg, i.p., on alternate days)

Group 5: trimetazidine (20 mg/kg, p.o.) daily+PTZ
(30 mg/kg, i.p., on alternate days)

PTZ-induced kindling

To induce kindling, a subconvulsant dose of PTZ (30 mg/kg,
i.p.) was injected on every alternate day. Immediately after the
PTZ injection, the animals were observed for the occurrence
of convulsive behaviour for 30 min (Racine 1972).

The severity of seizure response was quantified using a
five-point scoring system:

Stage 0: no response
Stage 1: ear and facial jerks
Stage 2: myoclonic body jerks without upright position
Stage 3: myoclonic jerks, upright position with bilateral

forelimb clonus
Stage 4: clonic–tonic seizures
Stage 5: generalised clonic–tonic seizures, loss of postural

control

The maximum response was recorded in each animal.
When the animal had a seizure score of 4 on three
consecutive administrations, it was defined as being
kindled, and its treatment was discontinued. In all the
groups, the animals that did not develop a seizure score of 4
were administered the vehicle and/or trimetazidine daily for
5 weeks. Cumulative kindling score (calculated by taking
the average of all the individual behavioural scores and then
dividing them with the number of animals) was plotted
against duration of treatment.

Assessment of oxidative stress

At the end of the study, the animals were killed under ether
anaesthesia. The brains were removed and rinsed with cold
0.9% saline, weighed and stored at −80°C until processing.

Tissue preparation

The brain tissues were homogenized with a volume of 10
times (w/v) ice-cold, 0.1 M sodium phosphate buffer

(pH 7.4). The homogenate was centrifuged at 3,000 rpm
for 15 min, and aliquots of homogenates were used for
estimation of malondialdehyde (MDA) and reduced gluta-
thione (GSH).

Measurement of lipid peroxidation

MDA, a measure of lipid peroxidation, was measured as
described by Okhawa et al. (1979). Briefly, brain tissues
were homogenized with 10 times (w/v) 0.1 M sodium
phosphate buffer (pH 7.4). The reagents acetic acid 1.5 ml
(20%), pH 3.5, 1.5 ml thiobarbituric acid (0.8%) and 0.2 ml
sodium dodecyl sulphate (8.1%) were added to 0.1 ml of
processed tissue sample. The mixture was then heated at
100°C for 60 min. The mixture was cooled with tap water,
and 5 ml of n-butanol:pyridine (15:1v/v) and 1 ml of
distilled water were added. The mixture was vortexed
vigorously. After centrifugation at 4,000 rpm for 10 min,
the organic layer was withdrawn, and absorbance was
measured at 532 nm using a spectrophotometer. The
concentration of MDA was expressed as nanomoles per
gram tissue.

Measurement of GSH

GSH was measured according to the method of Ellman
(1959). Briefly, brain tissues were homogenized with 10
times (w/v) 0.1 M sodium phosphate buffer (pH 7.4). This
homogenate was then centrifuged with 5% trichloroacetic
acid to centrifuge out the proteins. To 0.1 ml of this
homogenate, 2 ml of phosphate buffer (pH 8.4), 0.5 ml of
5, 5′-dithiobis (2-nitrobenzoic acid) and 0.4 ml of double-
distilled water were added. The mixture was vortexed, and
the absorbance read at 412 nm within 15 min. The
concentration of GSH was expressed as micrograms per
gram tissue.

Statistical analysis

All results are expressed as means±standard error of the
mean (S.E.M.). The data obtained were analysed using one-
way analysis of variance (ANOVA) followed by post-hoc
Tukey's test. A value of P<0.05 was considered significant
for comparison.

Results

Effect of trimetazidine on the development of PTZ kindling

The repeated administration of subconvulsant dose of PTZ
(30 mg/kg, i.p., on every alternate day) in the PTZ+
vehicle-treated group resulted in increasing convulsive
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activity culminating into generalised clonic–tonic seizures,
as revealed by a progressive increase in seizure score.
Pretreatment with trimetazidine (5 mg/kg, p.o., daily, 1 hr
before PTZ) did not modify the course of kindling induced
by PTZ as compared to the PTZ-kindled group. In the PTZ
+trimetazidine (5 mg/kg)-treated group, the administration
of trimetazidine caused the appearance of stage 4 in six
mice with five injections of PTZ (i.e. 9 doses of
trimetazidine). The subsequent injections of PTZ in the
trimetazidine (5 mg/kg)-treated group resulted in increased
convulsive activity. However, the administration of trime-
tazidine in doses of 10 and 20 mg/kg suppressed the
kindled seizure significantly, compared to the PTZ+
vehicle-treated group (Fig. 1).

Effect of trimetazidine on MDA and GSH levels

Repeated treatment with PTZ induced oxidative stress as
indicated by a significant rise in brain MDA level. In the
PTZ+vehicle-treated group, the MDA level was signifi-
cantly higher than the saline+vehicle-treated group. How-
ever, trimetazidine (5, 10 and 20 mg/kg)-treated PTZ
groups showed significantly lower levels of MDA as
compared with the PTZ+vehicle-treated group (Fig. 2).
There was a marked decrease in the GSH level in the PTZ-
kindled group as compared with the saline+vehicle-treated
group. The PTZ-treated mice administered with trimetazi-
dine, 5, 10 and 20 mg/kg, showed higher GSH levels as
compared to the PTZ-kindled mice (Fig. 3).

Discussion

The results of the present study indicate that administration
of trimetazidine has a protective effect against PTZ-induced
kindling in mice. It was observed that trimetazidine (10 and
20 mg/kg, p.o.) significantly reduced the seizure score in
mice as compared to the PTZ+vehicle-treated group.

However, in a dose of 5 mg/kg, trimetazidine failed to
reduce the seizure score.

Results from previous studies have suggested that PTZ-
induced kindling is associated with enhanced activity of a
subpopulation of glutamatergic synapses using N-methyl-D-
aspartate (NMDA) receptors, increase in extracellular
glutamate levels and subsequent free radical species
generation in neurons (Erakovic et al. 2003; Groves et al.
2006). Numerous studies have shown that oxidative stress
plays an important role in brain tissue damage during
seizure in the PTZ kindling model of epilepsy (Rauca et al.
1999; Frantseva et al. 2000b; Aldarmaa et al. 2010).
Increased lipid peroxidation and a decrease in antioxidant
enzymes have been reported following PTZ-induced kin-
dling in both mice and rats (Erakovic et al. 2003; Singh et
al. 2003). In line with previous studies, results of the
present study also show an increase in the MDA and a
decrease in GSH levels in brain tissue after PTZ adminis-
tration. However, trimetazidine pretreatment in all the three
doses reversed this increase in lipid peroxidation and
increased the GSH levels. These results suggest that
trimetazidine reduced oxidative brain damage after PTZ-
induced kindling, enlightening its antioxidant property.
Evidence from several studies indicated that administration
of various antioxidants like lipoic acid, melatonin,
N-acetylcysteine, resveratrol, tocopherol and vitamin C
has protective effects against seizure manifestations and
associated biochemical changes (Kabuto et al. 1998; Sudha
et al. 2001; Sinha et al. 2002; Srivastava et al. 2002; Devi et
al. 2008). Thus, in the present study, the observed
protective effect of trimetazidine against PTZ-induced
kindling could be due to the inhibition of oxidative injury,
although other mechanisms such as effect on calcium
channels, improvement of mitochondrial functions and
effect on glutamate levels may also be playing a role in
the anticonvulsant effect of trimetazidine.

Reports indicate that mitochondrial dysfunctions have an
important role in the pathophysiology of neurological

Fig. 1 Effect of trimetazidine
(5, 10 and 20 mg/kg, p.o.)
administration on the PTZ-
induced mean seizure score
in mice (n=20 in each group),
assessed on weeks 1, 2, 3, 4
and 5 of the study. a P<0.05,
b P<0.01, c P<0.001 compared
to the vehicle+PTZ-treated
group. **P<0.01, ***P<0.001
compared to the vehicle-treated
group (ANOVA followed by
Tukey's test)
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diseases such as epilepsy (Kudin et al. 2009). Neuropatho-
logical investigations indicate a similarity between ischemic
and seizure-related alterations of neurons characterized by
swollen and often disrupted mitochondria (Meldrum 1993).
Impairment of mitochondrial functions lead to a reduction in
ATP levels inside the cells, disturbances in neuronal calcium
homeostasis, oxidative damage and the induction of apopto-
sis by opening the mitochondrial permeability transition
pores (mPTP) that modulate neuronal excitability and
synaptic transmission in epilepsy (Schinder et al. 1996;
Javadov et al. 2009). Recently, mitochondria have emerged
as promising targets for potential neuroprotective strategies
in epilepsy (Bindokas et al. 1998; Kudin et al. 2009).
Trimetazidine acts as a mitochondrial protective agent and
has been shown to restore impaired mitochondrial functions
(Guarnieri and Muscari 1993). Trimetazidine binding sites
have been identified in purified brain mitochondria of rats

(Morin et al. 2000). Several in vitro studies suggest that
trimetazidine might modulate mitochondrial permeability tran-
sition. Argaud et al. (2005) reported trimetazidine, by inhibiting
mPTP opening, protected the rabbit heart from prolonged
ischemia–reperfusion injury. Topiramate, a well-known anti-
epileptic drug, also has been shown to be neuroprotective in the
pilocarpine rat model of chronic epilepsy which is considered
due to its inhibitory action on the mitochondrial permeability
transition (Kudin et al. 2004). Another study showed that
trimetazidine restored ATP synthesis in mitochondria of
cyclosporine-exposed rat brain, indicating its mitochondria
protective activity (Salducci et al. 1996).

Furthermore, the enhanced activity of glutamatergic
neurotransmission system also plays an important role in
the induction of convulsions. During epileptogenesis,
increased production of free radicals can induce increased
release of glutamate. Increased activity of glutamate

Fig. 2 Effect of trimetazidine
(5, 10 and 20 mg/kg, p.o.)
administration on brain lipid
peroxidation levels (MDA
levels) in nanomoles per gram
of wet tissue in the PTZ-treated
mice (n=20 for each group).
Values are expressed as means±
SEM. **P<0.01, ***P<0.001
compared to the vehicle+PTZ-
treated group. ****P<0.001
compared to the vehicle+saline-
treated group (ANOVA
followed by Tukey's test)

Fig. 3 Effect of trimetazidine
(5, 10 and 20 mg/kg, p.o.)
administration on brain GSH
levels in (micrograms per gram
of wet tissue) in the PTZ-treated
mice (n=20 for each group).
Values are expressed as means±
SEM. *P<0.05 **P<0.01,
compared to the vehicle+PTZ-
treated group. ***P<0.001
compared to the vehicle+saline-
treated group (ANOVA
followed by Tukey's test)
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transmitter causes neuronal damage and death by activation
of membrane channels that induce massive Ca+2 influx in
cells and generation of more free radicals which plays a
crucial role in neuronal cell death during PTZ kindling in
rats (Schroder et al. 1993; Rocha et al. 1996). Dayanithi et
al. (2007) found that trimetazidine also modulates non-
NMDA receptors. It blocked the increase in intracellular
calcium by inhibiting the current through AMPA/kainate
receptors in vestibulo-cochlear neurons and thus prevented
neuronal depolarization and subsequent Ca+2 influx through
voltage-dependent calcium channels. Thus, protection
afforded by trimetazidine in the present study could be
correlated to an indirect effect on the glutamatergic system
and on the mitochondrial functions, and further studies
could be carried out to establish these facts.

The anticonvulsant effect of various antiepileptic drugs like
phenytoin, valproate, phenobarbitone and carbamazepine has
been studied in the kindling model of epilepsy. Among these,
valproate and phenobarbitone have been found to inhibit the
development of kindling in experimental animals; however,
phenytoin and carbamazepine failed to inhibit kindling
development (Wada 1977; Albertson et al. 1984; Schmutz et
al. 1988; Silver et al. 1991). Phenytoin, carbamazepine and
phenobarbitone have been reported to cause an imbalance
between the oxidative and antioxidant statuses. In experimen-
tal studies, treatments with phenytoin, carbamazepine and
phenobarbitone have resulted in an increased level of MDA
and decreased GSH level in the brain, while valproate has
shown antioxidant action (Winn et al. 2003; Ilhan et al. 2005;
Aycicek and Iscan 2007; Reeta et al. 2009; Arora et al. 2010).
In the present study, trimetazidine is not only suppressing
seizures but also reducing oxidative stress. In the background
of the above-mentioned findings, it appears that trimetazidine
has anticonvulsant and antioxidant effects against PTZ-
induced kindled seizure similar to sodium valproate.

In conclusion, trimetazidine showed anticonvulsant effect
against PTZ-kindled seizure in mice. Pretreatment with
trimetazidine also significantly decreasedMDA and increased
GSH levels. These data support a role of trimetazidine in
epilepsy in part at least by inhibition of oxidative injury. Our
study is a preliminary study about the anticonvulsant and
antioxidant effects of trimetazidine on PTZ-kindled seizure.
Furthermore, behavioural and neurochemical studies are
essential to determine the exact mode of action of trimetazi-
dine and to identify its possible interaction with other
neurotransmission systems involved in epilepsy.
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