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Abstract Reactive oxygen species have been implicated
in seizure-induced neurodegeneration, and there is a cor-
relation between free radical level and scavenger enzy-
matic activity in the epilepsy. It has been suggested that
pilocarpine-induced seizures is mediated by an increase in
oxidative stress. Current research has found that antioxi-
dant may provide, in a certain degree, neuroprotection
against the neurotoxicity of seizures at the cellular level.
Alpha-tocopherol has numerous nonenzymatic actions and
is a powerful liposoluble antioxidant. The objective of the
present study was to evaluate the neuroprotective effects of
alpha-tocopherol (TP) in rats, against oxidative stress
caused by pilocarpine-induced seizures. 30 min prior to
behavioral observation, Wistar rats were treated with, 0.9%
saline (i.p., control group), TP (200 mg/kg, i.p., TP group),
pilocarpine (400 mg/kg, i.p., P400 group), or the combi-
nation of TP (200 mg/kg, i.p.) and pilocarpine (400 mg/kg,
i.p.). After the treatments all groups were observed for 6 h.
The enzymatic activities, lipid peroxidation and nitrite
concentrations were measured using speccitrophotometric
methods and these data were assayed. In P400 group mice
there was a significant increase in lipid peroxidation and
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nitrite levels. However, no alteration was observed in
superoxide dismutase (SOD) and catalase activities. In the
TP and pilocarpine co-administered mice, antioxidant
treatment significantly reduced the lipid peroxidation level
and nitrite content, as well as increased the SOD and cat-
alase activities in rat hippocampus after seizures. Our
findings strongly support the hypothesis that oxidative
stress occurs in hippocampus during pilocarpine-induced
seizures, indicate that brain damage induced by the oxi-
dative process plays a crucial role in seizures pathogenic
consequences, and imply that strong protective effect could
be achieved using alpha-tocopherol.

Keywords Hippocampus - Alpha-tocopherol -
Oxidative stress - Pilocarpine - Seizures

Introduction

Seizures and status epilepticus (SE) induced by pilocarpine
in animal models are similar to human temporal lobe epi-
lepsy in semiology and electrographic appearance. The
epileptic model induced by pilocarpine is very useful for us
to study the development and neuropathology of temporal
lobe epilepsy [1, 2]. Neurochemical as well as enzymatic
activities studies suggest that excitotoxic stimulation in SE
induces excess production of reactive oxygen species, and
finally leads to oxidative stress [3—5]. Through the regu-
lation of reactive oxygen species production and mainte-
nance of oxidative phosphorylation in mitochondria by
enhanced restitution of high-energy phosphates, alpha-
tocopherol (a-tocopherol) acts as chain-breaking antioxi-
dant and protects cell membrane against oxidative damage
[6]. In animals, alpha-tocopherol inhibits seizures induced
by ferrous chloride, hyperbaric oxygen and penicillin. In
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these circumstances, the production of reactive oxygen
species may have a very important role in the development
of seizures itself [7, 8].

In recent years, a great deal of attention has been given
to antioxidants consumption and their roles in reducing
rates of chronic diseases such as epilepsy, cancer, coronary
heart disease, stroke, diabetes, and arthritis [9-11]. It is
suggested that protective effects of antioxidant compounds
is partly due to antioxidant nutrients such as alpha-
tocopherol and carotenoids which inhibit lipid per-oxida-
tion and oxidative cell damage [12, 13]. Reactive oxygen
species have been implicated in the development of sei-
zures and SE induced by pilocarpine [14]. The mechanism
underlying seizures-induced oxidative stress is not well
understood yet, but several interpretations have been pro-
posed, which include excitotoxicity associated with
excessive neurotransmitter release, oxidative stress leading
to free radical damage [14, 15]. Recently, several studies
have examined the role of oxidative stress on pilocarpine-
induced seizures which was thought possibly via the for-
mation of free radicals [16].

Free radicals are generated during oxidative stress. It’s
attractive as a possible mechanism to pilocarpine-induced
seizures for many reasons. The brain processes large
amounts of O, in relatively small mass and has a high
content of substrates available for oxidation in conjunction
with low antioxidant activities, making it extremely sus-
ceptible to oxidative damage [17, 18]. In addition, certain
regions of central nervous system, such as hippocampus,
are particularly sensitive to oxidative stress because of their
low endogenous levels of alpha-tocopherol, an important
biochemical antioxidant, relatively to other brain regions
[19, 20]. A depressed defense system may be adequate
under normal circumstances. However, under pro-oxidative
conditions such as those in seizures, the low antioxidant
defenses capacity can predispose the brain to oxidative
stress.

A variety of animal seizure models aid in documenting
the effects of alpha-tocopherol and specifying its action
[7, 21]. Ribeiro et al. [22] showed that alpha-tocopherol
decreases pentylenetetrazol and methylmalonate-induced
convulsions. Preliminary injection of the antioxidant alpha-
tocopherol in rats abolished the effect of lipid peroxidation
activation and decreased the number of seizures recorded on
electrocorticogram in the course of the focus existence [21].
In hippocampal slice cultures, the amplitude of the evoked
field potential responses was significantly decreased after
experimental SE. Treatment with alpha-tocopherol pre-
vented this dropping, which supports that it has neuropro-
tective effect [23]. The aim of present study was to examine
the effects of alpha-tocopherol on oxidative stress in the
hippocampus of adult rats prior to pilocarpine-induced
seizures.

Materials and Methods
Animals and Experimental Procedures

Adult male Wistar rats (250-280 g) were maintained in a
temperature controlled room (26 £ 1°C) with a 12 h light/
dark cycle and food and water ad libitum (Nutrilabor,
Campinas, Brazil). All experiments were performed
according to the guide for the care and use of laboratory the
US Department of Health and Human Services, Washing-
ton, DC (1985). The dosages of pilocarpine hydrochloride
and alpha-tocopherol (Sigma, Chemical USA) are expres-
sed at milligrams per kilogram of body weight, and were
administered in a volume of 10 ml/kg injected intraperi-
toneally (i.p.). A total of 96 rats were treated with either
200 mg/kg alpha-tocopherol (i.p., TP) or 0.9% saline (i.p.).
30 min after the treatments 24 rats from each above group
were randomized to pilocarpine hybrochloride administra-
tion (400 mg/kg, i.p., P400). Thus there are 4 groups of
rats in this set of experiments: group 1, TP and P400
co-administration (n = 24); group 2, P400 plus saline
treatment (n = 24); group 3, TP alone administration
(n = 24); and group 4, saline treatment serves as control
(n = 24). After the treatments, the animals were recorded
in 30 x 30 cm chambers with: latency to first seizure (any
one of the behavioral indices typically observed after
pilocarpine administration: wild running, clonuses, tonus,
clonic-tonic seizures), number of animals that died after
pilocarpine administration. Previous work has shown that
convulsions and deaths occurred within 1 and 24 h
respectively post pilocarpine injection, so we decided to
record the phenotypes of the animals for 6 h after pilo-
carpine administration. At the end of observations, the
survivors were killed by decapitation and their brains were
dissected on ice to remove hippocampus for histophato-
logical analyses and determinations of lipid peroxidation
level, nitrite content, superoxide dismutase and catalase
activities. The pilocarpine administration rat group was
constituted by those presented seizures, SE for over 30 min
and non-phenotype survivors.

The drug dosages of pilocarpine (400 mg/kg) and alpha-
tocopherol (200 mg/kg) were determined by previous study
in our lab [5, 24] and the present study (data not shown).
The drug doses used in this present study are not equivalent
to those used by humans because rats have different met-
abolic rates.

Lipid Peroxidation Level Determinations in
Hippocampus of Adult Rats Pretreated with Alpha-

Tocopherol Prior to Pilocarpine-Induced Seizures

For all experimental procedures, 10% (w/v) homogenates
of the area of the brain investigated were prepared for all
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groups. Lipid peroxidation levels in the TP plus P400
group (n = 6), P400 group (n = 6), TP group (n = 6) and
control animal (n = 9) were analyzed by measuring the
thiobarbituric-acid-reacting substances in homogenates, as
previously described by Draper & Hadley [25]. Briefly, the
homogenates were mixed with 1 ml 10% trichloroacetic
acid and 1 ml 0.67% thiobarbituric acid, and were heated
in a boiling water bath for 15 min, then butanol (2:1, v/v)
was added to the solution. After centrifugation (800g,
5 min), TBARS determinations were performed spectro-
photometrically at 535 nm and expressed as nmol of mal-
ondialdehyde (MDA)/g wet tissue.

Nitrite Content Determinations in Hippocampus
of Adult Rats Pretreated with Alpha-Tocopherol Prior
to Pilocarpine-Induced Seizures

To determine nitrite contents of control group (n = 9), TP
plus P400 group (n = 6), P400 group (n = 6) and TP
group (n = 6), the 10% (w/v) homogenates were centri-
fuged (800g, 10 min). The supernatants were collected, and
nitric oxide production was determined based on the Griess
reaction [26]. Briefly, 100 pl supernatant was incubated
with 100 pl of the Griess reagent at room temperature for
10 min. A550 was measured using a microplate reader.
Nitrite concentration was determined from a standard
nitrite curve generated using NaNO,. The results above
were expressed as nM.

Determinations of Superoxide Dismutase and Catalase
Activities in Hippocampus of Adult Rats Pretreated
with Alpha-Tocopherol Prior to Pilocarpine-Induced
Seizures

The hippocampus was ultrasonically homogenized in 1 ml
0.05 M sodium phosphate buffer, pH 7.0. Protein concen-
tration was measured by the method of Lowry et al. [27].
The 10% homogenates were centrifuged (800g, 20 min)
and supernatants were used to assay superoxide dismutase
(SOD) and catalase. SOD activity in the TP plus P400
group (n = 6), P400 group (n = 6) and TP group (n = 6)
and control animals (n = 9) was assayed by using xanthine
and xanthine oxidase to generate superoxide radicals [28].
They react with 2.,4-iodophenyl-3,4-nitophenol-5-phe-
nyltetrazolium chloride to form a red formazan dye. The
degree of inhibition of this reaction was used to assess
SOD activity. The standard assay substrate mixture con-
tained 3.0 ml xanthine (500 uM), 7.44 mg cytochrome c,
3.0 ml KCN (200 pM), and 3.0 ml EDTA (1 mM) in
18.0 ml 0.05 m sodium phosphate buffer, pH 7.0. The
sample aliquot (20 pl) was added to 975 pl of the substrate
mixture plus 5 pl xanthine oxidase. After 1 min, the initial
absorbance was recorded and the timer was started. The
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final absorbance after 6 min was recorded. The reaction
was followed at 550 nm. Purified bovine erythrocyte SOD
(Randox Laboratories, Belfast, Northern Ireland, UK) was
used under identical conditions to obtain a calibration
curve showing the percentage inhibition correlation of
formazan dye formation and SOD activity. SOD activity
was determined from this curve, and the results expressed
as U/mg of protein.

Catalase activity was measured in the TP plus P400
group (n = 6), P400 group (n = 6) and TP group (n = 6)
and control (n = 9) groups by the method that uses H,O,
to generate H,O and O, [29]. Protein concentration was
measured by the method of Lowry et al. [27]. The activity
was measured by the degree of this reaction. The standard
assay substrate mixture contained 0.30 ml H,O, in 50 ml
0.05 M sodium phosphate buffer, pH 7.0. The sample ali-
quot (20 pl) was added to 980 pl of the substrate mixture.
The initial and final absorbencies were recorded at 1 min
and 6 min time-points respectively. The reaction was fol-
lowed at 230 nm. A standard curve was established using
purified catalase (Sigma, St Louis, MO, USA) under
identical conditions. All samples were diluted with
0.1 mmol/L sodium phosphate buffer (pH 7.0), to provoke
a 50% inhibition of the diluents rate (i.e. the uninhibited
reaction). Results are expressed as mmol/min/mg of protein
[29].

Histopathological Investigation in Hippocampus
of Adult Rats Pretreated with Alpha-Tocopherol Prior
to Pilocarpine-Induced Seizures

All groups were closely observed during 6 h for behavioral
changes and convulsive state. After 6 h of observation,
animals were sacrificed by decapitation 6 h after the
treatment and brains were dissected out and fixed in for-
malin 10% [30, 31]. After an initial coronal section at the
level of the optic nerve, 3-5 um thick sections were pre-
pared and stained with Hematoxylin & Eosin (HE) for light
microscopy studies (100x). The degree of hippocampal
damage severity was defined by a scale ranging from 0
(none) to 100 (total) by light microscopy and previously
defined to be reliable for morphological analysis [32].
Brain damage presence was confirmed if hippocampus
showed at least 50% involvement.

Statistical Analysis

Results of latency to first seizure, histopathological
abnormalities and neurochemical alterations were com-
pared by one-way analysis of variance (ANOVA) followed
by Student—Newman—Keuls test (p < 0.05) (Graphpad
program Intuitive, Software for Science, San Diego, CA).
The number of animals that seized and the number that
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survived were calculated as percentages (seizures per-
centage and survival percentage, respectively), and com-
pared with a nonparametric test (y2).

Results

Pilocarpine induced the first seizure at 35.00 £ 0.70 min.
All the animals studied showed generalized tonic-clonic
convulsions with status epilepticus (SE), and 30% survived
the seizures. All animals pretreated with alpha-tocopherol
were observed for 6 h before pilocarpine injection and their
manifested alterations in behavior, such as peripheral
cholinergic signs (100%), tremors (50%), staring spells,
facial automatisms, wet dog shakes, rearing and motor
seizures (60%) developed progressively within 1-2 h into a
long-lasting SE (60%). Table 1 shows that alpha-tocoph-
erol (200 mg/kg) administration before pilocarpine treat-
ment reduced by 25% the percentage of animals that seized
(p < 0.0001), increased latency (212%) to the first seizure
(109.09 £ 1.05 min) (p < 0.0001) and increased (40%)
the survival (p < 0.0001) when compared to the pilocar-
pine only group. None of the control animals (saline or
alpha-tocopherol) showed seizures (Table 1).

Effects of alpha-tocopherol in lipid peroxidation and
nitrite concentrations during seizures induced by pilocar-
pine are presented in Figs. 1 and 2. Lipid peroxidation was
markedly increased in pilocarpine group in comparison
with the corresponding values of the saline group. During
acute phase of seizures induced by pilocarpine a signifi-
cant increase (90%) in thiobarbituric-acid-reacting sub-
stances (p < 0.0001) was observed. Seizures induced by
pilocarpine produced a significant increase in hippocampal
nitrite content (94%, p < 0.0001, Fig. 2). Rats pretreated
with alpha-tocopherol showed decrease in lipid peroxida-
tion level (79%, p < 0.0001) and nitrite content (56%,
p <0.0001) when to compared with the pilocarpine
group (Fig. 1). In addition, the pretreatment with alpha-

tocopherol, 30 min before administration of pilocarpine
also reduced lipid peroxidation level (60%, p < 0.0001)
and nitrite content (15%, p < 0.005) when compared to the
control group (Figs. 1, 2). On the other hand, none of the
control animals (saline or alpha-tocopherol) showed alter-
ations in lipid peroxidation level and nitrite content
(Figs. 1, 2).

Superoxide dismutase and catalase activities in the
hippocampus during acute phase of seizures were not
markedly altered in pilocarpine group, when compared to
corresponding values to the control saline group. By the
contrary, it was found a significant increase in hippocampal
superoxide dismutase (40 and 43%) and catalase (51 and
53%) activities of rats pretreated with alpha-tocopherol in
comparison to the pilocarpine and saline groups, respec-
tively (p < 0.0001) (Figs. 3, 4). However, there were no
enzyme alterations in TP group (Figs. 3, 4).

Brain tissue examinations of the control (saline 0.9%),
alpha-tocopherol groups (TP group) did not reveal hippo-
campal histopathological changes. On the other hand, P400
group presented neuronal loss, gliosis, and typical vacuolar
degeneration in hippocampus region. Histopathological
damages were observed in four (80%) rats of P400 group,
and in one rat (20%) of the TP plus P400 group (Fig. 5).

Discussion

Epilepsy is one of the most common neurologic problems
all over the world, being associated with paroxysmal dis-
charge of cerebral neurons and is characterized by several
symptoms including alterations of behaviors and con-
sciousness [33]. The molecular observations of epilepsy
include the temporal correlation between free radical
generation and the development of seizures in some path-
ological conditions, and the protective efficacy of antioxi-
dative treatments against some types of seizures. Alpha-
tocopherol, one of the effective antioxidant, not only has

Table 1 Effect of pretreatment with alpha-tocopherol on pilocarpine-induced seizures and lethality in adult rats

Groups Latency to first Percentage Percentage Number of
seizures (min) seizures survival animals/
group
P400 35.00 £+ 0.70 30 24
TP plus P400 109.09 + 1.05° 70" 24
TP 00 100*° 24

Male rats (250-280 g, 2 months old) were treated with a single dose of pilocarpine (400 mg/kg, intraperitoneal, i.p., P400) and TP group with
alpha-tocopherol (200 mg/kg, i.p., TP group). The TP plus P400 group was treated with alpha-tocopherol (200 mg/kg, i.p.) for 30 min before
pilocarpine injection (400 mg/kg, i.p., TP plus P400). Results for latency to first seizure are expressed as mean = S.E.M of the number of
experiments shown in the table. Results for percentage seizures and percentage survival are expressed as percentages of the number of animals
from each experimental group. * p < 0.05 as compared with P400 group (y>-test). ® p < 0.05 compared with TP plus P400 group (y*-test).
¢ p <0.05 as compared with P400 group (ANOVA and Student-Newman—Keuls test)
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[ Control XY TP plus P400
I P400 EXXATP

Fig. 1 Effects of alpha-tocopherol (TP) on status of lipid peroxida-
tion level in hippocampus of adult rats prior to seizures induced by
pilocarpine. Male rats (250-280 g, 2 months old) were treated with a
single dose of pilocarpine (400 mg/kg, intraperitoneal, i.p., n = 6,
P400), TP group with alpha-tocopherol (200 mg/kg, i.p., n = 6, TP
group) and the control animals with 0.9% saline (i.p., n = 9, Control).
The TP plus pilocarpine group was treated with alpha-tocopherol
(200 mg/kg, i.p.) for 30 min prior to pilocarpine injection (400 mg/
kg, i.p., n = 6, TP plus P400). Results are expressed as means £
S.E.M. for the number of animals shown inside in parenthesis.
Differences in experimental groups were determined by two-tailed
analysis of variance. * p < 0.05 as compared to control animals
(t-Student—-Neuman—Keuls test); b p <0.05 as compared to
P400 group (t-Student—Neuman—Keuls test)

200
c
2
ss
o
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=
o N\
[ Control TP plus P400
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Fig. 2 Effects of alpha-tocopherol (TPA) on the nitrite content in
hippocampus of adult rats prior to seizures induced by pilocarpine.
Male rats (250-280 g, 2 months old) were treated with a single dose
of pilocarpine (400 mg/kg, intraperitoneal, i.p., n = 6, P400), TP
group with alpha-tocopherol (200 mg/kg, i.p., n = 6, TP group) and
the control animals with 0.9% saline (i.p., n = 9, Control). The TP
plus pilocarpine group was treated with alpha-tocopherol (200 mg/kg,
i.p.) for 30 min prior to pilocarpine injection (400 mg/kg, i.p., n = 6,
TP plus P400). Results are expressed as means £ S.E.M. for the
number of animals shown inside in parenthesis. Differences in
experimental groups were determined by two-tailed analysis of
variance. * p < 0.05 as compared to control animals (t-Student—
Neuman—Keuls test); ®p <0.05 as compared to P400 group
(t-Student-Neuman—Keuls test)

antioxidant functions, but also has functions in pro-oxidant,
cell signaling and gene regulation [34, 35]. Previous
studies indicated that alpha-tocopherol has anticonvulsant
activity in several animal models, including in the ferrous
chloride, hyperbaric oxygen model [35], kindling and
PTZ models [36]. In this study, we demonstrated a role of

@ Springer

Superoxide dismutase
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Fig. 3 Effects alpha-tocopherol (TP) on the superoxide dismutase
activities in hippocampus of adult rats prior to seizures induced by
pilocarpine. Male rats (250-280 g, 2 months old) were treated with a
single dose of pilocarpine (400 mg/kg, intraperitoneal, i.p., n = 6,
P400), TP group with alpha-tocopherol (200 mg/kg, i.p., n = 6, TP
group) and the control animals with 0.9% saline (i.p., n = 9, Control).
The TP plus pilocarpine group was treated with alpha-tocopherol
(200 mg/kg, i.p.) for 30 min prior to pilocarpine injection (400 mg/kg,
i.p., n = 6, TP plus P400). Results are expressed as means + S.E.M.
for the number of animals shown inside in parenthesis. Differences
in experimental groups were determined by two-tailed analysis of
variance. * p < 0.05 as compared to control animals (t-Student—
Neuman—Keuls test); °p <0.05 as compared to P400 group
(t=Student—Neuman—Keuls test)
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Fig. 4 Effects of alpha-tocopherol (TP) on catalase activities in
hippocampus of adult rats prior to seizures induced by pilocarpine.
Male rats (250-280 g, 2 months old) were treated with a single dose
of pilocarpine (400 mg/kg, intraperitoneal, i.p., n = 6, P400), TP
group with alpha-tocopherol (200 mg/kg, i.p., n = 6, TP group) and
the control animals with 0.9% saline (i.p., n = 9, Control). The TP
plus pilocarpine group was treated with alpha-tocopherol (200 mg/kg,
i.p.) for 30 min prior to pilocarpine injection (400 mg/kg, i.p., n = 6,
TP plus P400). Results are expressed as means + S.E.M. for the
number of animals shown inside in parenthesis. Differences in
experimental groups were determined by two-tailed analysis of
variance. ® p < 0.05 as compared to control animals (t-Student—
Neuman—Keuls test); °p < 0.05 as compared to P400 group
(t-Student-Neuman—Keuls test)

alpha-tocopherol against oxidative stress generated in
pilocarpine-induced seizures.

In the present study we investigated the influence of
alpha-tocopherol on the level of lipid peroxidation, nitrite
content and enzymatic activities of superoide dismutase
and catalase in the rat hippocampus during pilocarpine-
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TP group

Fig. 5 Histopathological alterations in hippocampus of rats pre-
treated with alpha-tocopherol prior to pilocarpine-induced seizures.
Severity of lesion was expressed as a mean + S.E.M. of scores of
damage based in a scale from zero (none) to 100 (total) percentage of

induced seizures. Generation of reactive oxygen species is
currently viewed as one of the process through which
epileptic activity exert their deleterious effects on brain
[37]. These reactive oxygen species in the absence of an
efficient defense mechanism cause peroxidation of mem-
brane polyunsaturated fatty acids [38]. Brain is particularly
susceptible to peroxidation due to simultaneous presence of
high levels of polyunsaturated fatty acids and iron [39, 40]
which are the targets of free radical damage. We showed
the lipid peroxidation was rising in hippocampus homog-
enate of rats after 6 h of acute phase of seizures. The
increase of lipid peroxidation was reflected by the rise of
thiobarbituric-acid-reacting substances level which may be
related to its intermediate free radicals formed during sei-
zures induced by pilocarpine.

Literature has shown that pilocarpine-induced seizures
led to changes in nitric oxide metabolism, and increased
the production of its metabolites (nitrite and nitrate). The
increased metabolites may interacts with glutamatergic
receptors to produce part of its stimulatory action on the
central nervous system [41, 42]. The reduction in nitrite
content, after pretreatment with alpha-tocopherol, is most

hippocampus involvement. Brain damage was considered positive if
there was at least 50% hippocampal involvement. Hematoxylin and
eosin staining (HE). Magnification, 100x. Figures shown is from one
representative experiment of n = 5

readily explained as a consequences of radical formation
inhibiting, scavenges reactive oxygen species and lipid
peroxidation products [43].

Histopathological studies of animals pretreated with
alpha-tocopherol thirty min before pilocarpine injection
showed a decrease of 60% in the number of animals that
presented hippocampal damage after seizures (data not
shown). We also observed that none of the animals which
received alpha-tocopherol presented hippocampal damage.
However, 80% of the animals which had seizures and that
developed SE presented hippocampal damage. On the other
hand, the hippocampus of rats pretreated with alpha-
tocopherol presented a small damage extension (7%, data
not shown). These findings support the theory of the oxi-
dative stress involvement in the start of seizures by the
increase of free radical production. Moreover, these results
suggest a neuroprotective activity of alpha-tocopherol by
the removal of free radicals produced during pilocarpine-
induced seizures. Thus, the results suggest that oxidative
stress mediated by pilocarpine exerts its pathologic effects
during seizures and also that the neuroprotective and
anticonvulsive role of alpha-tocopherol can be mediated by
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a reduction in lipid peroxidation levels and nitrite content.
Possibly, this reduction is due to the modulatory activity of
alpha-tocopherol in the antioxidant enzymes (superoxide
dismutase and catalase) in the hippocampus of adult rats.

Superoxide dismutase and catalase activities do not
protect against seizures induced by pilocarpine. However,
there no changes in hippocampal superoxide dismutase
activity during acute phase of seizures, suggesting that high
amount of H,0,, released during the O, dismutation can
inhibits the superoxide dismutase during this phase of
seizures induced by pilocarpine. On the other hand, the
catalase activity augmented in those animals presenting
seizures, which suggests that H,O, generated during
superoxide dismutation would not be sufficiently removed
from the hippocampus by catalase during acute phase of
seizures. The increase in antioxidant enzymes activities
induced by alpha-tocopherol might be explained as a nec-
essary consequence of scavenging of O,  produced by
dismutation during acute period of seizures. Our data
shows a possible neuroprotective effect of alpha-tocopherol
through the scavenging of radical O, . This consequent
scavenging of O,  produces a decrease in the H,O, levels
generated by superoxide dismutation hippocampus, caus-
ing increase of the activities of the enzymes superoxide
dismutase and catalase as neuroprotective action mecha-
nism of this antioxidant.

Free radical formation elevations are frequently
accompanied by an immediate compensatory increase in
the activities of the free radical scavenging enzymes
[44]. Previous studies have showed an increased in cat-
alase activity in the hippocampus during a 24 h period of
acute phase of seizures [4, 44]. Moreover, during the
convulsive process, the neuronal changes are accompa-
nied by alterations in the cerebral metabolic rate evi-
denced by modifications in the regional cerebral blood
flow [45, 46].

In the present work, we did not observe any alteration in
superoxide dismutase and catalase activities within 6 h of
acute phases of seizures, which indicates the oxidative
metabolism remains unaltered for at least 6 h of seizures
induced by pilocarpine and the alpha-tocopherol pretreat-
ment increases the antioxidant enzymes activity in rat
hippocampus. The compensatory mechanisms of alpha-
tocopherol against oxidative stress observed during sei-
zures can be used for the explanation of its anticonvulsant
action in behavioral studies. The seizures induced by
pilocarpine are prevented by alpha-tocopherol, which
implies free radical plays a role in controlling of seizures
installation and propagation. Indeed, we found that alpha-
tocopherol pretreatment is able to inhibit pilocarpine-
induced seizures, SE and mortality of adult rats. In addi-
tion, these data also implies free radical formation has a
relevant role in the propagation and/or maintenance of
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convulsive activity. The capability of alpha-tocopherol to
increase antioxidant enzymes activities, and decrease free
radical formation will finally lead to a significant decrease
in the susceptibility to seizures induced by pilocarpine.
These observations suggest alpha-tcopherol has promising
anticonvulsant effect on pilocarpine induced seizures.

Herein, we clearly showed that alpha-tocopherol
decreased the frequency of pilocarpine-induced seizures
and increased the survival rate. In our knowledge, these
effects of alpha-tocopherol on oxidative stress observed
during acute phases of pilocarpine-induced seizures have
not been reported before. Thus, these findings might have
important implications for understanding the mechanism of
epilepsy to promote new advances in the development of
selective and targeted antiepileptic drugs. Alpha-tocoph-
erol protected the hippocampus against neuronal damages
regularly observed during seizures. Further investigations
of the effects of alpha-tocopherol against necrosis, apop-
tosis and/or autophagy observed during the acute phase of
this epilepsy model are in progress to confirm its neuro-
protective effects.
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