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ABSTRACT

Introduction: Temporal lobe epilepsy (TLE) is a long lasting neurological disorder in which
patients suffer from spontaneous seizures. New treatments with novel mechanisms of action
are needed to help those patients whose seizures are resistant to available drugs. In this study,
we investigated the possible neuroprotective effect of berberine in an intrahippocampal kainate
model of TLE in rat.

Methods: In the present study, the anticonvulsant and antioxidant effects of intraperitoneal
administration of berberine (25, 50 and 100 mg/kg), was evaluated in intrahippocampal kainate
(4pg)-induced TLE in rats.

Results: The results showed that the kainate rats exhibit acute and spontaneous seizures
in 24 hours and two weeks after intrahippocampal kainic acid injection. Administration of
berberine, significantly decreased the Racine score and rate of incidence of seizure in kainate
rats (P<0.05). On the other hand, berberine ameliorated the lipid peroxidation (P<0.001) and
nitrite (P<0.001) level, but had no effect on SOD activity.

Discussion: These data suggest that berberine pretreatment could attenuate spontaneous
recurrent seizures. Since, administration of berberine decreased lipid peroxidation in kainate
rats, it seems that berberine favorable effect is due to its effectiveness in lessening of oxidative
stress in rat.

1. Introduction

therefore, hippocampus injury must be involved in most
models (Jokeit and Schacher, 2004). Kainic acid (KA)-

One of the most well-known epilepsy in

humans is temporal lobe epilepsy (TLE).

TLE is related to a visible abnormal struc-

tural change in the hippocampus which is

known as hippocampal sclerosis. This con-

dition is characterized by a specific pattern of neuronal

loss (Jokeit and Schacher, 2004). The most susceptible

neurons are in the CAl region and in the hilus of the
dentate gyrus (Sloviter, 2005).

Neuronal death in the hippocampal region causes
seizures. Because brain damage is necessary for devel-
oping of temporal lobe epilepsy (Sharma et al. 2007);
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induced brain damage was used as a model for temporal
lobe epilepsy and other excitotoxic neurodegenerative
disorders (Sperk, 1994). Accumulating evidence in-
dicates that hippocampal oxidative stress might be in-
volved in KA-induced neurotoxicity in vivo (Floreani et
al., 1997; Kim et al., 2000a, 2000b; Shin et al., 2008) and
in vitro (Kim et al., 2008). Activation of KA receptors
results in intracellular signaling cascades including ni-
tric oxide synthase (NOS) activation, free radical forma-
tion, and mitochondrial dysfunction, which in turn, re-
sult in inflammatory responses, cytokine expression and
oxidative stress via reactive oxygen or nitrogen species
(Carrasco et al., 2000; Lehtimiki et al., 2003). Because
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of the central nervous system high lipid content, it is
highly susceptible to free-radical-mediated damage and
inflammatory reactions that play an important role in the
neuronal death processes (Perry et al., 2002; Migliore et
al., 2005; Ashrafi et al., 2007).

With excessive stimulation of excitatory amino acid
receptors, the development of radical scavengers and the
maintenance of low ROS levels for neuroprotection are
unavoidable (Sumanont et al., 2006). Thus, agents with
antioxidant and anti-inflammatory properties are sug-
gested to be useful in this condition.

Berberine is an isoquinoline alkaloid that is found in
some plants principally berberis. It has some beneficial
effect on anxiety, nociception, inflammation, psychosis,
depression, and amnesia (Imanshahidi and Hosseinza-
deh, 2008; Kulkarni and Dhir, 2008; Kulkarni and Dhir,
2010). Previous studies indicated that berberine could at-
tenuate neuronal damage in ischemia-reperfusion model
(Yoo et al., 2006), and in model mice of autoimmune
encephalomyelitis (Ma et al., 2010). In addition, berber-
ine showed neuroprotective effects on stroke (Zhou et
al., 2008) and focal cerebral ischemia models (Xiao et
al., 2007). It was shown that berberine intensify neuronal
cell survival and differentiation in hippocampus and oth-
er sites of rat brain (Lim, 2008). Some studies showed
that berberine exerts an antioxidant action on corpus
cavernosum smooth muscle cells (Tan et al., 2007).

Accordingly, this study was designed to determine the
possible protective effect of berberine against kainate
model of epilepsy in rats by determining some biochem-
ical parameters of stress oxidative and status epilepticus
and recurrent seizure.

2. Methods
2.1. Animals

Male albino Wistar rats (Pasteur’s Institute, Tehran,
Iran) weighing 250-280 g (10-12 weeks old) were
housed in an air-conditioned colony room on a light/
dark cycle (21-23 C and a humidity of 30-40%) and
supplied with standard pelleted diet and tap water ad.
The procedures were made to minimize the number of
animals used and their suffering.

2.2. Experimental Procedure

The rats (n = 63) were randomly allocated and unequal-
ly grouped into seven

groups: Sham-operated (SH; n=7); vehicle-treated SH
(n=7); berberine (100 mg/Kg)-treated SH (n=7); kainate
(n=12); berberine (25 mg/Kg)-treated kainate (n=10);
berberine (50 mg/Kg)-treated kainate (n=10) and ber-
berine (100 mg/Kg) -treated kainate (n=10) rats. For
stereotaxic surgery, the rats were anesthetized with a
combination of ketamin (100 mg/Kg, i.p.) and xylazine
(5 mg/Kg, i.p.), placed in a Stoelting stereotaxic appara-
tus (incisor bar -3.3 mm, ear bars positioned symmetri-
cally). The scalp was cleaned with iodine solution and
incised on the midline, and a burr hole drilled through
the skull. The animals in kainate group were unilaterally
injected in the dorsal hippocampus with 5 ul of normal
saline containing 0.4 ug/ul kainic acid (Sigma Chemi-
cals, USA). Berberine (Sigma Chemicals, USA) was
dissolved in propylene glycol and administered intraper-
itoneally daily for one week before surgery. The vehicle-
treated SH rats were infused with an equivalent volume
of normal salin in the same stereotaxic coordinates and
received daily propylene glycol (i.p.) for one week.

The progression of kainate-induced seizures was scored
according to Racine’s standard classification: stage 0, no
reaction; stage 1, stereotype mounting, eye blinking,
and/or mild facial clonus; stage 2, head nodding and/
or several facial clonus; stage 3, myoclonic jerks in the
forelimbs; stage 4, clonic convulsions in the forelimbs
with rearing; and stage 5, generalized clonic convulsions
associated with loss of balance (Racine, Okujava, & Chi-
pashvili, 1972).

2.3. Behavioral Monitoring

In the first 24 hours post-surgery, all animals were eval-
uated for status epilepticus. At third week post-surgery,
the animals were also assessed for behavioral progres-
sion of kainate-induced seizures 5 h/day for five con-
secutive days to record the chronic phases of seizures.

2.4. Determination of Hippocampal MDA Con-
centration

After evaluating of seizure behavior, the rats were anes-
thetized with ketamine (100 mg/kg) and decapitated. Hip-
pocampi were isolated and blotted dry, and then weighed
and prepared as a 5% tissue homogenate in ice-cold 0.9%
saline solution. After centrifugation (1000g, 4 °C, 10
min), the supernatant was aliquoted and stored at -80°C
until assayed. The concentration of malondialdehyde
(MDA) was used as a marker of lipid peroxidation index
and calculated by measuring thiobarbituric acid reactive
substances (TBARS) in the supernatant as described pre-
viously (Roghani & Baluchnejadmojarad, 2009).
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Table 1. Numbers and rates of status epilepticus in each group

Group Number Rate (%)
Sham(n=7) 0 0
Berberine (10 mg/Kg)-treated SH(n=7) 0 0
Kainate (n=12) 8 66.6
Berberine (25 mg/kg)- Kainate (n=10) 4 40*
Berberine (50 mg/kg)- Kainate (n=10) 4 40*
Berberine (100 mg/kg)- Kainate (n=10) 1 10**

X2 test, * P<0.01, ** P<0.005 compared with Kainate group; Seizure activity was observed for five

hours during the first day post-surgery.

Briefly, trichloroacetic acid and TBARS reagent were
added to aliquots of the supernatant, which subsequently
mixed and incubated at 100 _C for 80 min. After cool-
ing on ice, the samples were centrifuged at 1000g for 10
min, and the absorbance of the supernatant was read at
532 nm. The results of TBARS measurements were ex-
pressed as MDA equivalents, using tetracthoxypropane
as standard.

2.5. Measurement of Hippocampal SOD Activity

The supernatant of hippocampal homogenate was ob-
tained as described above. Superoxide dismutase (SOD)
activity was measured as previously reported (Roghani
& Baluchnejadmojarad, 2011). Briefly, supernatant was
incubated with xanthine and xanthine oxidase in potas-
sium phosphate buffer (pH 7.8, 37 °C) for 40 min, and
then nitroblue tetrazolium (NBT) was added. Thereafter,
blue formazan was monitored spectrophotometrically at
550 nm. The amount of protein that inhibited NBT re-
duction to 50% maximum was defined as 1 nitrite unit
(NU) of SOD activity.

NEURSCIENCE

2.6. Assay of Hippocampal Nitrite Concentration

Supernatant nitrite (NO2-) content was assayed by the
Griess Method (Roghani & Baluchnejadmojarad, 2011).
The compound of NO has a short half-life and is rapidly
converted to the stable end products nitrate (NO2- and
NO3-). In the assay used in this study, NO3- is converted
to NO2- by cadmium, and this is followed by color devel-
opment with Griess reagent (sulfanilamide and N-naph-
thyl ethylenediamine) in acidic medium. The absorbance
was determined using a spectrophotometer at 540 nm.

2.7. Protein Assay

The protein content of the supernatant was measured
by the Bradford method, using bovine serum albumin
(Sigma Chemical, St. Louis, MO) as the standard (Brad-
ford, 1976).

2.8. Statistical Analysis
All statistical analysis was performed using SigmaS-

tat software (version 3.5). The values were expressed as
means+SEM. To compare the experimental groups, non-

Table 2. Numbers and rates of spontaneous seizures in each group

Group Number Rate (%)
Sham(n=7) 0 0
Berberine (10 mg/Kg)-treated SH(n=7) 0 0
Kainate (n=12) 5 41.6
Berberine (25 mg/kg)- Kainate (n=10) 5 50*
Berberine (50 mg/kg)- Kainate (n=10) 3 30**
Berberine (100 mg/kg)- Kainate (n=10) 2 20%*

X2 test, * P<0.05, ** P<0.01 compared with Kainate group; Two weeks post-surgery,
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seizure activity was observed for five hours/per day during five days.
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Figure 1. The effect of berberine on malondialdehyde (MDA)
concentration in hippocampal homogenate from different
groups. The animals were treated with berberine at doses of
25, 50 and 100 mg/kg/day before intrahippocampal kain-
ate injection. *p<0.01 (in comparison with sham); #p<0.05,
##p<0.01 (in comparison with kainate). (means+SEM)
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Figure 2. The effect of berberine on nitrite content in hip-
pocampal homogenate from different groups. The animals
were treated with berberine at doses of 25, 50 and 100 mg/
kg/day before intrahippocampal kainate injection. *p<0.01
(in comparison with sham); #p<0.005, ##p<0.001 (in com-
parison with kainate). (means+SEM)

behavioral data were analyzed using one-way ANOVA
followed by Tukey’s post-hoc test. Seizure-related be-
havioral data were analyzed using the nonparametric
Kruskal-Wallis test. Percentage of rats with spontaneous
seizure was examined by x2 test. In all calculations, a
difference at p<0.05 was regarded as significant.
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Figure 3. The effect of berberine on superoxide dismutase
(SOD) activity in hippocampal homogenate from different
groups. The animals were treated with berberine at doses
of 25, 50 and 100 mg/kg/day before intrahippocampal
kainate injection. *p<0.005 (in comparison with sham).
(means+SEM)

3. Results
3.1. Behavior Observation

According to Racine’s standard classification, the seizures
reached class 5 during the acute period (24 hours after kai-
nic acid administration) in 66.6% (8 of 12) of rats treated
with kainic acid. Administration of berberine at doses of
25, 50 and 100 mg/kg decreased the class 5 to 40% and
10%, respectively (Table 1). Behavioral data showed that
berberine could significantly decrease the number of spon-
taneous seizures incidence two weeks after surgery (Table
2). The sham, vehicle-treated SH and berberine -treated
SH rats showed no acute or spontaneous seizures.

3.2. Markers of Oxidative Stress

Kainic acid injection caused a considerable elevation
in the levels of MDA (45.51 + 3.22 ng/mg protein; p <
0.01), nitrite (13.92 + 0.86 nmol/ mg protein; p < 0.001),
and a significant reduction in SOD activity (6.33 + 1.2
unit/mg protein; p < 0.001) in hippocampal tissue (Figs.
1-3) compared to the sham-operated group (MDA,
28.43 £ (.78 ng/mg protein; nitrite, 8.53 £+ 0.65 nmol/mg
protein; SOD 15 £ 0.57 unit/mg protein). Pretreatment of
epileptic rats with 25, 50 and 100 mg/kg berberine signif-
icantly lowered the increased MDA content at all three
doses (p < 0.01- p < 0.001). But, the content of nitrite
decreased only with 100 mg/kg berberine and pretreat-
ment of kainic acid injected rats with berberine has no
effect on SOD activity. Meanwhile, berberine pretreat-
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ment of sham group did not cause a significant change
in hippocampal level of MDA and nitrite and activity of
SOD compared to sham group.

4. Discussion

This study reveals that intrahippocampal administra-
tion of kainic acid was followed with acute and chronic
spontaneous seizures, intensifying of MDA and nitrite
level and weakening of SOD activity. Pretreatment of
kainate rats with berberine improved spontaneous sei-
zures and oxidative stress at a dose-dependent manner.

Since, in the KA-induced epileptic model, the basis of
activation of KA ionotropic glutamate receptors is simi-
lar to human TLE, so it seems that this model is an ad-
vantageous procedure for determination of the involved
mechanisms of epileptic discharge in the limbic system
including the hippocampus and amygdale that have key
role in its acute and chronic spontaneous seizures.

Some studies showed that KA administration caused the
level of protein oxidation, lipid peroxidation and 8-hy-
droxy-2-deoxyguanosine (8-OHdG), as oxidative marker
for DNA damage, to be increased in the hippocampus and
cerebral cortex (Kim et al., 1997; Tang et al. 1998). In addi-
tion, in some region of hippocampus including CA1, CA3
and the dentate hilus KA with activation of ionotropic glu-
tamate receptors could conduct neurons to inadequate O2
utilization, reduced ATP production , inordinate production
of ROS, NO, and peroxynitrite with consequent impair-
ment of cell component including lipids, proteins, and
DNA. On the other hand, some evidences demonstrated
that KA also caused a decrease in reduced form of glutathi-
one (GSH) levels in the hippocampus (Shin et al., 2008), so
that, GSH administration ensure hippocampus against KA-
induced neuronal loss (Saija et al., 1994). It appears that
excessive activation of glutamate receptors and oxidative
stress represent factors that make neurons impressionable
to harm (Coyle & Puttfarcken, 1993). Since mitochondrial
malfunction, lipid peroxidation and decreased GSH may
be in front of neuronal death in susceptible brain regions
(Frantseva et al., 2000); therefore, agents with antioxidant
properties are recommended to be useful in the clinical set-
ting of neuronal damage. Since berberine exerts favorable
effect against oxidative stress- induced apoptosis, it is sug-
gested that it has powerful antioxidant activity and could
be used as a therapeutic agent in oxidative stress-related
disorders (Zhu et al., 2013). The potential antioxidant ef-
fects of berberine were shown in a number of clinical and
preclinical studies (Bhutada et al., 2011). In addition, ber-
berine with increasing cholinergic neuronal system activity
could show antiamnesic effect (Peng et al., 1997). Berber-

ine has also useful effects on cognitive disturbance and can
protect neurons in various brain disorders (Bhutada et al.,
2011). Also, it was shown that berberine has functional ef-
fect in a transgenic mouse model of Alzheimer’s disease
(Durairajan et al., 2012).

Berberine could protect neurons from hydrogen per-
oxide- induced apoptosis through its antioxidant activity
(Zhu et al., 2013). Since berberine could inhibit apoptosis
in some conditions (Hu et al., 2012), it is possible that it
could survive neurons in a kainic acid-induced apoptosis
model. In support of this idea, it is revealed that berberine
could protect hippocampal neurons against STZ-induced
apoptosis (Sherin et al., 2012; Hong et al., 2012). There
are some evidences that berberine can modulate nitric
oxide synthesis (Kulkarni and Dhir, 2007). Many studies
revealed that nitric oxide is either proconvulsant (Miil-
sch ,1994) or anticonvulsant (Marangoz,1994), so that,
if the level of nitric oxide be reduced before glutamate
receptor (NMDA) activation, it decreases epileptiform
activity, otherwise nitric oxide content is ineffective on
epileptic condition ( De Sarro, 1991). Also, it was shown
that L-argenine intensifies epileptiform activity induced
by kainic acid (De Sarro, 1993) and pretreatment with
7-nitroendazole, selective NOS inhibitor, not only it de-
creases nitric oxide production, but also attenuates epi-
leptiform activity (Miilsch, 1994). Some studies reported
that nitric oxide level increase in experimental models of
epilepsy (Kato, 2005). With regards to these controver-
sial results, it seems that berberine could decrease seizure
incidence by modulation of nitric oxide production. In
addition, berberine could also block potassium channels
of hippocampal CAlneurons (Wang et al., 2004) and
this blockade leads to the suppression of apoptosis and
a substantial increase in the rate of cell survival (Zarch
et al., 2009). The therapeutic importance of berberine as
anticonvulsant was tested in different animal models such
as chemical kindling and maximal electroshock (MES)-
induced seizures in swiss albino mice. In MES induced

seizure model, the anticonvulsant effect of berberine
was comparable to that of phenytoin. Phenytoin showed
anticonvulsant effect by blocking the voltage-gated so-
dium channels (Kohl & Dannhardt, 2001). It was re-
ported that berberine reduces NMDA receptor binding
and inhibits NMDA receptor channel current in brain.
In addition, berberine protects neuronal cells from brain
ischemia such as NMDA receptor antagonists (Cui et al.,
2009). On the other hand, it also assessed the effects of
berberine against convulsions induced by PTZ, an agent
that induce animal model of seizure by inhibition of
GABAergic neurotransmission (Katzung, 2004). Since
berberine did not influence convulsions induced by PTZ,
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therefore, berberine has no effect on GABAergic neuro-
transmission. According to our results, part of beneficial
effect of berberine could be attributed to attenuation of
oxidative stress and glutamate receptors activity in those
brain structures involved in temporal lobe epilepsy.

One of the limitations of our work was that a posi-
tive control group like valproate and/or diazepam with
known and potent anticonvulsant effect was not consid-
ered. This may be considered in future studies.

5. Conclusion

In conclusion, our results suggest that berberine pre-
treatment could prevent kainic acid-induced acute and
chronic seizures partially via its antioxidant activity.
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