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 Background: This study was designed to investigate the potential anticonvulsant and neuroprotective effects of methylene 
blue (MB) on self-sustaining status epilepticus (SSSE) induced by prolonged basolateral amygdala stimulation 
(BLA) in Wistar rats.

 Material/Methods: The rats were randomly divided into 4 groups: (1) the Control group (rats without any treatment); (2) the Sham 
group (rats received electrode implantation but without electrical stimulation); (3) the SSSE group (rats re-
ceived electrode implantation and additional electrical stimulation); and (4) the SSSE+MB group (rats received 
1 mg/kg MB intraperitoneal injection 5 min after SSSE). SSSE models were established by prolonged BLA stim-
ulation. The severities of SSSE were assessed by the number of separate seizures and the accumulated time 
of seizures. The variations of malondialdehyde/glutathione (MDA/GSH) were assessed 24 h after the estab-
lishment of SSSE. Nissl staining was performed to detect the surviving neurons in hippocampal CA1 and CA3 
regions, and Western blotting assays were used to detect Caspase-3 (CASP3), B cell lymphoma 2 (BCL2), and 
BCL2-associated X protein (BAX).

 Results: Compared with the SSSE group, treatment with MB (1) markedly reduced the number and accumulated time 
of seizure activities; (2) significantly attenuated the increase of MDA and the decrease of GSH hippocampal 
levels; (3) markedly improved the cell morphology and alleviated the neuronal loss in hippocampal CA1 and 
CA3 regions; (4) significantly attenuated the increase of CASP3 and BAX and the decrease of BCL2 hippocam-
pal levels.

 Conclusions: MB has a protective effect in the SSSE model and may be useful as an adjuvant for preventing or treating ep-
ilepsy in humans.
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Background

Epilepsy is one of the most prevalent neurological disorders. 
Temporal lobe epilepsy (TLE), the most common form of ep-
ilepsy among adults, is characterized by recurrent seizures 
deriving from the medial structures of the temporal lobe, in-
cluding the hippocampus and amygdala [1]. Status epilepti-
cus (SE) is defined as seizures lasting longer than 30 min or 
failing to regain consciousness within that interval [2]. SE is a 
serious threat to human health due to its high morbidity and 
mortality rates, and it carries a high risk of progression to ep-
ilepsy or other neurological diseases (such as depression and 
cognitive impairment). Although the existing medications 
can symptomatically suppress seizure activities to a certain 
degree, they lose effectiveness or produce adverse effects in 
about one-third of epileptic patients [3]. Additional, the pres-
ent antiepileptic drugs (AEDs) are often related to adverse ef-
fects, such as cognitive injury or psychological problems [4]. 
Therefore, it is imperative to speed up studies of new antiep-
ileptic drugs to control refractory epilepsy and to prevent the 
development of epileptogenesis.

A growing number of studies suggest that oxidative stress un-
derlies the pathogenesis of several neurological conditions, 
including Alzheimer disease, Parkinson disease, and epilep-
sy [5–7]. Oxidative stress can induce excessive accumulation 
of free radicals, which are involved in the development of TLE 
and SE [8]. Furthermore, oxidative stress is implicated in neu-
ronal injury and is a potential mechanism of epileptic activi-
ty [9,10]. Based on these facts, it is meaningful to search for 
more powerful neuroprotective agents that can mitigate the 
oxidative stress injury during epileptic seizure.

In addition to the above-mentioned oxidative stress damage, 
SE can cause obvious brain damage characterized by neuro-
nal cell loss, which preferentially occurs in the hippocampus 
in human and animal models [11,12]. Animal models of epi-
lepsy have shown that the pattern of SE-related neuronal cell 
death includes apoptosis and necrosis [13–15]. The neuronal 
cell death during SE is caused by overactivation of glutamate 
receptors, which subsequently leads to calcium influx, and ul-
timately causes activation of proteolytic enzymes and collapse 
of intracellular organelles. The neuronal cell death, in turn, 
contributes to the development of epileptogenesis [16]. Thus, 
neuroprotective strategies are increasingly seen as a promis-
ing therapy to prevent and/or manage epileptic conditions.

Methylene blue (MB) is a water-soluble thiophenazine com-
pound widely used in clinical treatment of multitudinous dis-
eases. Previous studies have demonstrated that MB exerts 
diverse pharmacological effects such as anti-inflammatory, an-
tioxidant, and anti-apoptosis effects [17–19]. Therefore, in re-
cent years, the role of MB in the treatment of various central 

nervous system diseases has generated widespread interest. 
It has already been confirmed that MB produces a nerve-pro-
tective effect in ischemic brain damage, Leber optic neurop-
athy, Alzheimer disease (AD), Parkinson disease, and other 
neurodegenerative diseases [20–22]. MB interferes with the 
assembly of tau protein and effectively prevents its accumu-
lation in the brain in AD patients, and it is believed to be the 
most advanced tau aggregation inhibitor in clinical develop-
ment for the treatment of AD [23–24]. Some researchers have 
reported that antioxidants may provide partial neuroprotec-
tion [8,9,25]. Thus, due to the powerful antioxidant property 
of MB, it is plausible to hypothesize that MB has a neuropro-
tective role in epilepsy.

The model of basolateral amygdala (BLA) kindling has been 
well established to explore the basic mechanisms underly-
ing epileptogenesis and the development of therapeutic sub-
stitution. After the implantation of bipolar stimulation elec-
trodes in the BLA, a high-intensity (700 µA) stimulus string 
lasting 25 min can induce self-sustaining status epilepticus 
(SSSE) [26]. The objective of the present study was to deter-
mine the roles of MB in SSSE induced by prolonged BLA stim-
ulation in Wistar rats.

Material and Methods

Animals and reagents

A total of 50 healthy adult male Wistar rats, weighing 180–
230 g, were purchased from the Experimental Animal Center 
of Hebei Medical University. They were housed at a constant 
temperature (25+2°C), provided a fixed 12-h alternating cycle 
of light and dark, and allowed free access to food and water. 
All animals were handled according to the guidelines for exper-
imental animal management issued by the Ministry of Science 
and Technology of the People’s Republic of China [1988] No. 
134. Great efforts were made to minimize the number of an-
imals used and to minimize their pain.

MB was purchased from Qichuan Pharmaceutical Group co., LTD 
(Jiangsu, China). The malondialdehyde (MDA) and glutathione 
(GSH) detection kits were purchased from Nanjing Jiancheng 
Bioengineering Institute (Jiangsu, China).

Experimental design and procedure

The rats were randomly divided into 4 groups: (1) Control group 
(rats without any treatment); (2) Sham group (rats received 
electrode implantation but without electrical stimulation); (3) 
SSSE group (rats received electrode implantation and addition-
al electrical stimulation); (4) SSSE+MB group (rats received 1 
mg/kg MB intraperitoneal injection 5 min after establishment 

162
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Cui Z. et al.: 
Methylene blue exerts anticonvulsant…

© Med Sci Monit, 2018; 24: 161-169
ANIMAL STUDY

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



of SSSE). The Control and Sham groups contained 12 rats each, 
and the SSSE and SSSE+MB groups contained 13 rats each. MB 
was diluted in 0.9% saline and the concentration was based 
on a previous report [27], which showed that 1 mg/kg MB had 
a better protective effect.

For electrodes implantation, the rats were deeply anesthetized 
by pentobarbital (45 mg/kg, i.p.) and mounted on a stereotaxic 
instrument (RWD Life Science, China). Body temperature was 
maintained at 37°C with a heating pad throughout the surgery. 
The stimulating electrodes were made of twisted stainless-steel 
Teflon-coated wires (0.1 mm in diameter; A.M. Systems. Inc., 
USA). The terminal insulated layer was stripped about 0.5 mm 
and the bipolar distance was 0.5–0.7 mm. According to the Rat 
Brain in Stereotaxic Coordinates of Paxinos and Watson (6th 
edition), the twisted electrodes were implanted into the right 
BLA (AP=−2.2 mm, ML=−4.7 mm, DV=8.5 mm). One stainless-
steel screw was implanted in the right occipital epidural to be 
used as a ground electrode. Three other screws were proper-
ly implanted in order to fix the dental cement. All electrodes 
were connected to a miniature receptacle and attached to the 
skull with the screws using acrylic dental cement. After sur-
gery, the animals were housed individually and were allowed 
to recover for at least 10 days.

Determination of ADT and induction of SSSE

Electrical stimulation was delivered by a constant-current stim-
ulator (Master 8, AMPI, Israel), and electroencephalograms 
(EEG) at the BLA were recorded with a PowerLab system (AD 
instruments, Australia). The day before the induction of SSSE, 
after-discharge threshold (ADT) of each rat was determined 
with a 1 s stimulus of 60 Hz monophasic square-waves at 1 

ms per pulse. The stimulation intensity of ADT was measured 
from 60 µA, increased by 20 µA per 30 min until at least 5 s 
of the discharge spike wave was recorded, and the minimum 
current intensity was designated as ADT for that animal. The 
rats were grouped based on the ADT value, and we ensured 
that the average of threshold in each group was at an approx-
imately comparable level. The range of ADT was 80–300 µA. 
If it exceeded 300 µA, we considered the position of stimulat-
ing electrodes was poor, and ruled the animal out of the next 
experiment. At 24 h after the determination of ADT, the stim-
ulation of the BLA for induction of SSSE was performed as 
previously described [26]. In short, the stimulus program con-
sisted of 100-ms trains of 1 ms biphasic square wave pulses, 
and the trains were given at a frequency of 2/s and the intra-
train pulse frequency was 50/s. Peak pulse intensity was 700 
µA and the stimulation lasted 25 min in total. After the cessa-
tion of stimulation, an EEG of amygdala was recorded through 
the same electrodes. As previously described by Nissinen [28], 
a prominent feature of SSSE on EEG recording is the appear-
ance of high-amplitude (>2×baseline) and high-frequency (>8 
Hz) discharges (HAFDs) that lasted for at least 5 s. The end of 
the electrographic seizure was characterized by a brief (1-3 s) 
‘flat period’ on the EEG (Figure 1). The HAFDs were repeated 
intermittently for at least 15 min, and we confirmed the suc-
cessful establishment of SSSE. Five minutes later, the rats in 
drugs-treated groups received an intraperitoneal injection of 
MB. Then, the animals were monitored by continuous EEG re-
cordings for 12 h. The severities of SSSE in different groups 
were assessed by the quantity of separate seizures and the ac-
cumulated time (total recording time minus interictal time) of 
seizures [29], which reflected the effect of MB on controlling 
acute seizures, as well as its neuroprotective effect.

500 µV
1 s

A

B

Figure 1.  Representative electrographic recordings from the right basolateral amygdala during self-sustaining status epilepticus (SSSE). 
A prominent feature of beginning of SSSE on EEG recording was the appearance of high-amplitude (>2×baseline) and high-
frequency (>8 Hz) discharges (HAFDs, indicated with solid arrows). The end of HAFD was typically followed by brief (1–3 
s) “flat periods” on the EEG (indicated by a star). They were recorded 10 and 30 min (A and B, respectively) after 25-min 
amygdala stimulation.
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Tissue collection

At 24 h after MB treatment, the animals were anesthetized 
with 10% chloral hydrate (4.0 ml/kg, i.p.). For biochemical and 
Western blotting assays, the rats were killed by decapitation. 
The bilateral hippocampus tissues in the brain were rapid-
ly stripped off on ice and stored separately in freezing tubes. 
Then, the tissues were frozen in liquid nitrogen and stored at 
–80°C for subsequent detection. For Nissl staining, at 24 h af-
ter MB treatment, the rats were transcardially perfused with 
0.9% saline solution followed by 4% paraformaldehyde in 0.1 
mol/L phosphate buffer solution (pH=7.3). Then, the brains 
were removed, post-fixed in the same solution for 24 h at 4°C, 
and soaked in 30% sucrose solutions until they sank to the 
bottom. Later, they were embedded with O.C.T. compound, fro-
zen in liquid nitrogen, and kept at –80°C until cut.

Assessment of oxidative stress-related markers

The left hippocampus was assigned to detect the content of 
oxidative stress markers (n=6 for each group). For the exper-
imental procedures, the hippocampus tissue was prepared 
as a 10% tissue homogenate in ice-cold 0.9% saline solution. 
After centrifugation (3500 rpm, 4°C, 15 min), the supernatant 
fraction of homogenates was collected to detect the levels of 
MDA and GSH. MDA, used as a marker of lipid peroxidation, 
was determined by testing thiobarbituric acid reacting sub-
stances (TBARS) in the supernatant, according to a previous 
study [30]. GSH was measured according to the manufactur-
er’s instructions, which are based on the spectrophotometric 
method as described before [31].

Nissl staining

Coronal sections were cut on a freezing microtome (Leica, 
Germany) at a thickness of 20 μm for Nissl staining with 1% 
thionine for 5 min. For every fifth section (n=6 for each group, 
6 sections per animal), the number of surviving intact pyrami-
dal neurons per 1-mm length of both CA1 and CA3 subfields 
of the hippocampus were counted using a light microscope 
(Olympus, USA). The sections were observed by 2 observers 
blinded to the treatment history.

Western blotting assays for apoptosis-related markers

The right hippocampus was assigned to detect the protein ex-
pression of Caspase-3 (CASP3), B-cell lymphoma 2 (BCL2), and 
BCL2-associated X protein (BAX) using Western blotting assays 
(n=6 for each group). For protein extraction, tissue was collect-
ed and added to RIPA buffer with 1% PMSF and then homog-
enized in lysis buffer on ice. Total proteins were extracted fol-
lowing the manufacturer’s instructions (Applygen Technologies, 
Inc., China). After determining protein concentrations, samples 

(30–50 μg) were separated on 10% sodium dodecyl sulfate-
polyacrylamide gels and subsequently transferred to immobile 
polyvinylidene difluoride membranes. Nonspecific bindings were 
blocked with 5% nonfat milk in TBST buffer (pH=7.4) for 1 h, 
then the membranes were incubated with the following primary 
antibodies overnight at 4°C: anti-CASP3 (1: 500; Bioworld, USA), 
BCL2 (1: 500; Bioworld, USA), BAX (1: 500; Bioworld, USA), and 
anti-b-actin (1: 1000; Santa Cruz, CA, USA). Subsequently, af-
ter washing with 0.1% TBST, membranes were incubated with 
secondary antibody (1: 4000; Rockland, Gilbertsville) for 1 h at 
room temperature and washed in 0.1% TBST solution. Bands 
were detected using the Odyssey Infrared Imaging System (LI-
COR, Lincoln, NE, USA) and the relative density of bands was 
estimated using Image J analysis software.

Statistical analysis

The experiment results are presented as the mean ±SEM. All 
statistical analyses were conducted using SPSS 22.0 Statistics 
Software for Windows. Means of the number and accumulat-
ed time of seizure activities between SSSE and SSSE+MB was 
compared using the unpaired t test. Means among multiple 
groups were compared by one-way ANOVA followed by least 
significant difference (LSD) post hoc tests for different pair-
wise comparisons. A difference was considered statistically 
significant if P<0.05.

Results

MB treatment reduced the number and accumulated time 
of seizure activities of SSSE

After 25 min of prolonged stimulus at BLA, 1 rat in the SSSE+MB 
group failed to induce SSSE and 1 rat in the SSSE group died 
during the stimulus process. These rats were excluded from 
the follow-up experiments. At 12 h after MB treatment, we cal-
culated the final number of seizure activities and the cumula-
tive time from the EEG data. As shown in Figure 2, there were 
24–50 (38.92±2.41) seizure activities in the SSSE group and 
the cumulative time was 25–86 min (52.58±4.96). However, the 
eventual number (28.92±1.99) and cumulative time (37.25±3.18) 
of seizure activities in the SSSE+MB group were significant-
ly decreased compared to the SSSE group (P<0.01; P<0.05, re-
spectively). In the Control and Sham groups, there were no 
seizure activities.

Effects of MB on MDA and GSH in SSSE rats

At 24 hours after establishment of SSSE, the SSSE group showed 
a marked increase in MDA content (P<0.01) and reduction of 
GSH (P<0.01) vs. the Control group. However, treatment with 
MB significant lowered MDA (P<0.01) and raised the activity 
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of GSH (P<0.01) compared with the SSSE group. There were 
no significant differences between the Sham group and the 
Control group regarding the 2 parameters (P>0.05) (Figure 3). 
Those results suggest that MB markedly changed the detri-
mental trends of oxidative stress markers during SSSE.

Effects of MB on the loss of neurons in hippocampus 
during SSSE

Nissl staining showed the surviving neurons in hippocampal 
CA1 and CA3 regions at 24 h after establishment of SSSE. As 
shown in Figure 4, neurons of hippocampal CA1 and CA3 in the 
Control group displayed integrative and well-maintained mor-
phology. However, in the SSSE group, the surviving pyramidal 
neurons in both CA1 and CA3 appeared sparse and shrunk-
en, and their number significantly decreased compared with 
the Control group (P<0.01). Treatment with MB markedly im-
proved the cell morphology and alleviated the neuronal loss 
compared with the SSSE group (P<0.01). There was no signif-
icant difference in the number of surviving neurons between 
the Sham group and the Control group (P>0.05).

Effects of MB on expression of protein contents of CASP3, 
BCL2, and BAX in the hippocampus during SSSE

As shown in Figure 5, normal levels of CASP3, BCL2, and BAX in 
hippocampus were observed in the Control and Sham groups, 

and there was no significant difference between these 2 groups. 
Compared with the Control group, the level of CASP3 in the 
SSSE group was remarkably increased 24 h after establish-
ment of SSSE (P<0.05), whereas treatment with MB signifi-
cantly weakened the increase of CASP3 during SSSE (P<0.05). 
Unlike CASP3, BCL2 activity was notably decreased compared 
with the Control group (P<0.05), and treatment with MB inhib-
ited the declining trend of BCL2 activity (P<0.05). The variable 
trend of BAX shared the same pattern with CASP3, which de-
creased during SSSE, and treatment with MB prevented this 
decreasing trend (P<0.05).

Discussion

In our study, we found that treatment with MB: (1) markedly 
reduced the number and accumulated time of seizure activi-
ties; (2) significantly attenuated the increase of MDA and the 
decrease of GSH hippocampal levels; (3) markedly improved 
the cell morphology and alleviated the neuronal loss in hippo-
campal CA1 and CA3 regions; and (4) significantly attenuated 
the increase of CASP3 and BAX and the decrease of BCL2 hip-
pocampal levels. The above findings clearly show that MB ex-
erts anticonvulsant and neuroprotective effects on SSSE in-
duced by prolonged BLA stimulation.
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Figure 2.  Effect of MB treatment on the number and cumulative time of seizure activities of SSSE. Values are expressed as mean 
±SEM. (n=12 per group) (unpaired T test) * P<0.05 vs. SSSE group; ** P<0.01 vs. SSSE group.
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Figure 3.  Effect of MB treatment on the levels of MDA and GSH in left hippocampus 24 h after establishment of SSSE. Values are 
expressed as mean ±SEM. (n=6 per group) (one-way ANOVA) ** P<0.01 vs. Control group; ## P<0.01 vs. SSSE group.
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The electric kindling model is considered an ideal model to mim-
ic the onset of human temporal lobe epilepsy [32]. Compared 
with the chemical convulsants (e.g., Kainic acid) usually used 
to build an epileptic model, it has a natural advantage in ex-
clusion of the direct neurotoxic effects of the convulsant on 
the nervous system [33]. Thus, the potential interpretative dif-
ficulties associated with these drugs are avoided in the elec-
tric kindling model. Previous studies have shown that prior 
kindling is not necessary for the induction of SSSE [26], so we 
performed the direct stimulus program in non-kindled Wistar 
rats in the present study, saving time and labor costs. Soon 
after 25 min of prolonged stimulus at BLA, SSSE was induced 
successfully in nearly all animals. After the cessation of stim-
ulation, the number and accumulated time of seizure activi-
ties of SSSE were calculated to measure the anticonvulsant 
potency of MB.

MB displays diverse biological activities, including memory-
enhancing, antioxidant, anti-inflammatory, and anti-tumor 

effects [17–19,34]. Its strong lipophilic property make it rap-
idly cross the blood-brain barrier and easily accumulate in the 
brain tissue to exert a direct neuroprotective effect [20,35,36]. 
MB plays a neuroprotective role in ischemic stroke by restor-
ing mitochondrial function, enhancing autophagy, and inhib-
iting neuronal apoptosis [37,38]. Our results showed that MB 
significantly reduced the number and duration of seizure ac-
tivities, indicating that MB had an anticonvulsant effect in 
the SSSE model.

Oxidative stress starts when an imbalance between the endog-
enous reactive oxygen species (ROS) and antioxidant enzyme 
occurs [39]. Accumulating evidence suggests that an epileptic 
seizure induces excessive production of ROS, which takes part 
in the mechanism leading to neuron death [40]. MDA is the fi-
nal product of lipid peroxidation, indicating that the state of 
free radicals and GSH belongs to the cellular antioxidant de-
fense system, which can reduce oxidative stress injury [41,42]. 
In our study, there was an increase in lipid peroxidation and 
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Figure 4.  Representative photo of Nissl staining of the hippocampal CA1 (A–D) and CA3 (E–H) pyramidal neurons at 24 h after 
establishment of SSSE (400×). (A, E) Control group, showing normal pyramidal neurons. (B, F) Sham group, showing no 
significant changes compare with Control group. (C, G) SSSE group, showing loss of pyramidal neurons. (D, H) SSSE+MB 
group, showing the effect of MB on neuronal loss. (I) Quantitative representation of the expression of remaining pyramidal 
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expressed as means ±SEM. (n=6 per group) (one-way ANOVA) ** P<0.01 vs. Control group; ## P<0.01 vs. SSSE group.
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a decrease in GSH level during SSSE, which was in line with a 
previous study [29]. The imbalance between oxidant and an-
tioxidant defense systems may be at least partially attributed 
to the epileptic activities. Previous research has showed that 
MB remarkably suppresses the increase in MDA in a strepto-
zotocin-induced Alzheimer rat model [38]. In the present study, 
administration of MB partially prevented the increased level of 
lipid peroxidation and decreased level of GSH, which supports 
the powerful antioxidant function of MB [43].

In our study, MB significantly prevented neuron death caused 
by acute seizure in the CA1/CA3 field of the hippocampus. This 
nerve-protective effect was at least to some extent related to 
the regulating effect of MB in the oxidative stress injury dur-
ing SSSE. Additional, the protective effect also might be relat-
ed to the anti-apoptosis property of MB. Neuronal cell death, 
which was induced in the initial status epilepticus rather than 
in the subsequent spontaneous seizures, was found both in 
vitro and in vivo [44–46], indicating the crucial importance of 
suppressing SE as soon as possible to prevent a wide range 
of cell loss. The pattern of neuronal cell death includes apop-
tosis and necrosis [13–15], and neuronal apoptosis has been 
demonstrated to contribute to neuronal loss in the sclerotic 
hippocampus [47,48]. Another recent study showed that 24 h 
after the establishment of SSSE induced by prolonged stimu-
lus at BLA, the apoptosis-related neuron death was obviously 

increased, which is in agreement with our results [49]. CASP3 
is a crucial mediator during the process of apoptosis. The 
apoptotic signals, which derive from the Fas-mediated path-
way and mitochondrion-mediated pathway, trigger activity of 
CASP3, and subsequently lead to apoptosis. The BCL2 family 
is well known for regulation of cell apoptosis in the mitochon-
drion-mediated apoptosis pathway. BCL2 is localized on the 
membrane of mitochondria and its activation inhibits apopto-
sis via stabilizing the membrane of mitochondria [50]. BAX is 
a pro-apoptotic protein in the BCL-2 family, and it can inhibit 
the anti-apoptotic function of BCL-2 [51]. Our study revealed 
that the protein levels of CASP3 and BAX were elevated, and 
the expression of BCL2 declined. However, these biochemi-
cal alterations were significantly reversed by MB application. 
Therefore, this finding indicates that MB also exerts anti-apop-
totic effects on hippocampal neurons. The overproduction of 
ROS in neuronal cells can result in the collapse of cellular com-
ponents, such as lipids, proteins, and DNA, which can ultimate-
ly lead to cell death by apoptosis and necrosis [52]. Therefore, 
we can speculate that the anti-apoptotic properties of MB on 
SSSE are partially due to its antioxidant effect.

One of the potential limitations in our study may be the absence 
of measurement of MB in either brain or plasma of the rats. 
It would be meaningful in the subsequent studies to perform 
this measurement to correlate in vitro and in vivo activities of 

Figure 5.  Effects of MB on expression of protein contents of CASP3, BCL2, and BAX in right hippocampus. (A) Western blotting protein 
bands. (B) The relative level of CASP3 of the hippocampus in the 4 groups. (C) The relative level of BCL2 of the hippocampus 
in the 4 groups. (D) The relative level of BAX of the hippocampus in the 4 groups. Results are expressed as means ±SEM. 
(n=6 per group) (one-way ANOVA) * P < 0.05 vs. Control group; # P<0.05 vs. SSSE group.
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MB. In addition, a growing body of evidence in animal models 
indicates that inflammation in the brain during SE may play a 
determinant role in epileptogenesis [53]. Unfortunately, we did 
not measure markers of neuroinflammation, neither in terms 
of activated microglia or reactive astrocytes nor in terms of cy-
tokine brain levels. This may be considered in future studies.

Conclusions

Our results suggest that MB has a protective effect in the SSSE 
model induced by prolonged stimulus at BLA, and may be an 
adjuvant in epilepsy for preventing and/or treating epilepsy in 
humans. Nevertheless, further molecular studies are necessary 
to fully understand the mechanisms underlying the effect of 
MB during epileptogenesis and status epilepticus.
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