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Introduction
Temporal lobe epilepsy (a form of focal epilepsy) is one of 
the most common forms of refractory epilepsy[1]. Approx-
imately 1.2 million people in China with temporal lobe 
epilepsy have chronic seizures that cannot be controlled by 
antiepileptic drugs, consequently leading to cognitive deficits 
or chronic health problems. A considerable population of 
new-onset patients with epilepsy exhibit seizures originating 
from the temporal lobe of the brain. The pathogenesis of 
temporal lobe epilepsy is associated with underlying struc-
tural and functional abnormalities, including enhanced adult 
hippocampal neurogenesis, mossy fiber sprouting, synaptic 
reorganization, and astrogliosis[2-4]. 

Research evidence indicates that astrogliosis may lead 
to drug resistance, and is a typical change observed in the 
hippocampus during epilepsy[5-7]. A number of studies have 
shown that astrocytes are responsive to brain injury. Differ-
ent types of brain injury lead to the formation of a glial scar, 
which is the formation of predominately reactive astrocytes 
and is characterized by the upregulated expression of glial 
fibrillary acidic protein. This response aims to reduce sec-

ondary injury in the surrounding tissue. This protective ef-
fect can reduce the efficiency of regeneration and remyelin-
ation of renewable axonal fibers, leading to sustained neural 
injury, which is likely to cause neuronal cell dysfunction at 
the injured sites[7]. The number of astrocytes in the mamma-
lian brain after brain injury can be controlled by adjusting 
these injuries in adulthood. De novo regeneration of astro-
cytes occurs after brain injury to repair functions[8]. Several 
inflammatory molecules, including tumor necrosis factor-α 
and interleukins, have been shown to be involved in the de-
velopment of glial scarring, characterized by astrogliosis[9-11].

The Notch signaling pathway regulates cell fate during 
embryonic development by facilitating short-range signaling 
between neighboring cells that are in physical contact[12]. 
Notch signaling coordinates a wide range of fundamental 
processes and cellular programs, including proliferation, 
apoptosis, migration, growth, and differentiation in a con-
text-dependent manner[13-14]. The four mammalian Notch 
receptors are single-pass type-1 trans-membrane proteins 
that are expressed on the cell surface[15]. The Notch pathway 
is activated when a signal-sending cell expressing a mem-
brane-bound ligand physically interacts with a signal-receiv-
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ing cell expressing a Notch receptor[16]. Upon ligand binding, 
the Notch receptor is cleaved twice, first by an extracellular 
matrix metalloprotease and then by the trans-membrane 
protease complex γ-secretase[17], thereby releasing the Notch 
intracellular domain[18-19]. After dissociating from the cell 
membrane, the Notch intracellular domain translocates to the 
nucleus where it interacts with the DNA-binding protein CSL 
(J kappa-recombination signal-binding protein, suppressor 
of hairless, lymphocyte activation gene-1) subsequently af-
fecting transcriptional responses. The most prominent targets 
of the Notch pathway include a set of basic helix-loop-helix 
factors of the hairy and enhancer-of-split and hairy and en-
hancer-of-split-related repressor protein transcription factor 
families[20]. These transcription factors execute Notch sig-
naling functions, including stem cell maintenance, cell fate 
specification, differentiation, proliferation, and apoptosis[21]. 
Recent evidence shows that components of Notch signaling 
are expressed and active in the adult brain[22]. The dysregula-
tion of Notch signaling is associated with diseases with func-
tional mutations in the key components of this pathway, such 
as Allagile[23], cerebral autosomal dominant arteriopathy with 
subcortical infarcts and leukoencephalopathy[24] and Haj-
du-Cheney syndromes[25]. Moreover, abnormal levels of Notch 
are found in Down’s syndrome[26] and Alzheimer’s disease[27] 
patients. Each of these diseases has a distinct pathogenesis, 
thus emphasizing the need to understand the functions of 
Notch in the adult brain. Tanigaki et al.[28] have shown that 
in isolated neural stem cells from the adult hippocampus, the 
ectopic expression of Notch signaling intracellular domains 
triggered the formation of a higher number of astrocytes 
and fewer numbers of cells expressing neuronal or oligoden-
drocyte markers. Recent in vitro evidence indicates that the 
preferential formation of astrocytes occurs after Notch is ac-
tivated[29]. The Notch pathway is often regarded as a develop-
mental pathway. However, components of Notch signaling are 
expressed and active in the adult brain. Furthermore, Notch1 
signaling plays a more important role than other Notch fam-
ilies in the adult brain[19]. Therefore, our previous studies 
focused on Notch1 signaling[25]. Zileuton may modulate the 
expression levels of gamma-secretase to regulate the activity 
of Notch1 signaling[19]. 

Glioma is characterized by astrocytic proliferation, and 
involves the over-activation of the Notch1 signaling path-
way[30-32]. Astroglial proliferation is found in epilepsy[33]. How-
ever, it remains unknown whether Notch1 signaling is also 
involved in the pathogenesis of epilepsy. Considering the role 
of Notch1 signaling in the adult brain and glioma, we sought 
to determine if Notch1 signaling also participates in the plas-
tic changes that occur during the pathogenesis of temporal 
lobe epilepsy. Therefore, in the present study, we investigated 
a possible function of Notch1 signaling in temporal lobe 
epilepsy by examining the expression of Notch1, hairy and 
enhancer of split-1, and glial fibrillary acidic protein in epi-
leptic animal models, and Notch1 and hairy and enhancer of 
split-1 in brain tissue of patients with this condition.

Results
Quantitative analysis of experimental animals
A total of 130 rats were used in this study (however, four rats 

were excluded because their body weight did not meet the 
requirements). Rats (n = 8) administered with saline served 
as the control group and the remaining (n = 118) were used 
to establish epilepsy models. Rats of this group were treated 
with pilocarpine (intraperitoneal injection), and 74 success-
fully developed status epilepticus, of which 16 eventually 
died. 43 rats did not develop status epilepticus and were used 
as the status epilepticus-free group. Eight rats from the re-
maining 58 were acute status epilepticus rats and were thus 
chosen as the status epilepticus group. The remaining 50 
status epilepticus rats went into an incubation period. How-
ever, seven died. After 33 ± 6.5 days[34], 19 status epilepticus 
rats that did not have spontaneous recurrent seizures served 
as the spontaneous recurrent seizures-free group. The 24 
remaining rats were exposed to the spontaneous recurrent 
seizures phase and behavioral observations by video surveil-
lance showed spontaneous recurrent seizures in this group. 
21 rats from this group exhibited frequent seizures and more 
spike-wave discharges (as observed by the electroencephalo-
gram), thereby serving as the intervention group. 12 of these 
rats were exposed to 200 mg/kg zileuton (zileuton group) and 
the nine remaining rats were treated with. Three rats died 
spontaneously in the zileuton and spontaneous recurrent sei-
zures group. All rats were monitored twice by electroenceph-
alogram for 1–4 hours. These rats were also kept under video 
observation. Eight rats from each group were included in the 
final statistics. The remaining rats were euthanized.

Spike-wave discharges increased in status epilepticus rats 
and spontaneous recurrent seizures rats
Quantitative electroencephalogram analysis displayed elec-
troencephalogram waveforms recorded from the temporal 
lobes. In the control group, α waves (8–10 Hz, 20–120 μV) 
were followed by low amplitude β waves and a single δ wave. 
A total of 24 rats experienced spontaneous recurrent sei-
zures. Among the spontaneous recurrent seizures, 21 rats 
with frequent seizures had more spike-wave discharges. The 
electroencephalogram showed that the maximal frequency 
of spike-wave discharges was 28 Hz and the maximal ampli-
tude was 200 μV. Certain spike-wave discharges occurred in-
dividually and particular spikes occurred with a short string 
in status epilepticus-free rats, status epilepticus rats, sponta-
neous recurrent seizures-free rats, and zileuton-treated rats 
(Figure 1). However, saline-treated spontaneous recurrent 
seizures rats did not exhibit a short string (Figure 1).

Behavioral changes in the rats with temporal lobe epilepsy
After pilocarpine treatment, rats experienced several be-
havioral events, such as oral and masticatory movements, 
hypokinesia, head nodding, and wet-dog shakes. 74 (65%) 
rats were eventually affected by status epilepticus. 16 rats 
died after the onset of status epilepticus. Behavioral obser-
vations via video surveillance revealed that 24 (56%) rats 
that were selected for the chronic phase suffered from spon-
taneous recurrent seizures. Rats that exhibited spontaneous 
recurrent seizures were given either zileuton or saline for 1 
month. A mild reduction in the frequency of spontaneous 
recurrent seizures was found in the zileuton-treated group. 
The frequency of spontaneous recurrent seizures was mildly 
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increased in vehicle-treated. Behavioral observations were 
subjective, thus statistical analysis was required. 

Temporal lobe epilepsy increased the presence of Notch1 
receptor, hairy and enhancer of split-1, and glial fibrillary 
acidic protein
Immunostaining revealed that Notch1 receptor and hairy and 
enhancer of split-1 were predominantly located in the cortex, 
hippocampus (mainly in CA3), thalamus, and amygdala of 
the rats from the control group, status epilepticus-free group, 
status epilepticus group, spontaneous recurrent seizures-free 
group, zileuton-treated spontaneous recurrent seizures group, 
and the vehicle spontaneous recurrent seizures group. Glial 
fibrillary acidic protein immunostaining was found in the 
hippocampus from all six groups. Interestingly, the intensity 
of Notch1 receptor, hairy and enhancer of split-1 and glial 
fibrillary acidic protein was significantly (P < 0.05) higher in 
the status epilepticus rats and vehicle spontaneous recurrent 
seizures rats compared with the other four groups (Figure 
2). The presence of Notch1 receptor, hairy and enhancer of 
split-1, and glial fibrillary acidic protein was significantly P 
< 0.05) higher in vehicle spontaneous recurrent seizures rats 
compared with status epilepticus rats (Figure 2). However, no 
significant differences were found between the vehicle group 
and the control rats, status epilepticus-free rats, spontaneous 
recurrent seizures-free rats, and zileuton-treated spontaneous 
recurrent seizures rats (Figure 2).

Quantitative analysis and basic data of experimental 
subjects
All patients were included in the final analysis. Clinical data 
of patients in the two groups are listed in Table 1.

Prominent presence of Notch1 receptor and hairy and 
enhancer of split-1 protein in the medial temporal lobe of 
temporal lobe epilepsy patients
Notch1 receptor and hairy and enhancer of split-1-positive 
cells were observed in the medial temporal lobe of epileptic 
and normal slices (Figure 3). Presence of Notch1 receptor 
and hairy and enhancer of split-1 was significantly (P < 0.05) 
higher in the medial temporal lobe of epileptic patients 
compared with control cases.

Discussion
Epilepsy is characterized by recurrent spontaneous seizures. 
Clinically, temporal lobe epilepsy is the most common type 
of refractory epilepsy and the most common condition in 
the initial injury response (e.g., status epilepticus)[35]. Among 
the different types of initial precipitating injuries, intraperi-
toneal injection of pilocarpine is feasible, simple, and wide-
ly-used[36-37]. This model resembles the changes seen in hu-
man temporal lobe epilepsy, such as spontaneous recurrent 
seizures, hippocampal cell loss, and astrogliosis[38]. In addi-
tion, the pilocarpine model is established by a simple opera-
tion with no need for high-end technology and equipment. 
Moreover, unlike the stimulation model, this model does 
not induce as much pain in rats and is thus more accommo-
dating with ethical requirements. In pilocarpine-inducing 
epileptic rats, the relative regularity of chronic spontaneous 
seizures can be observed during their lifetime[39]. In view 
of the above advantages, we used the pilocarpine model to 
study the pathogenesis of temporal lobe epilepsy.

Figure 1 A typical electroencephalogram (EEG) recording and quantification of spike-wave discharges.
(A) A typical EEG (T3) recording from the left temporal cortex of a pilocarpine-induced epileptic rat. The arrow indicates spike-wave discharg-
es. Bar: 10 minutes. (B) The number of spike-wave discharges. Values are presented as mean ± SD. One-way analysis of variance was conducted 
to compare differences among the different groups. aP < 0.05, vs. control group; bP < 0.05, vs. status epilepticus group; cP < 0.05, vs. spontaneous 
recurrent seizures group. I: Control group; II: status epilepticus-free group; III: status epilepticus group; IV: spontaneous recurrent seizures-free 
group; V: zileuton group; VI: spontaneous recurrent seizures group.

Table 1 Basic data of participants

Item
Patients with temporal
  lobe epilepsy

Patients without temporal 
  lobe epilepsy (control)

n 20 6

Sex (male/female) 11/9 4/2

Nationality Han Han

Mean age (year) 37 34

Suffering age (year) 12–55 25–45

Disease course
   (year)

5–17 NA

Family history NA NA

Medicine history Valproate,   
  carbamazepine,   
  clomazepam, 
  gabapentin, 
  topiramate, 
  phenobarbital, 
  lamotrigine, 
  phenytoin, 
  oxcarbazepine

No history of
   antiepileptics

NA: Not available.
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Astrogliosis is a significant feature of temporal lobe epilep-
sy[40]. Rapid astrocytic activation occurs in the hippocampus 
of temporal lobe epilepsy models[41-42]. Such changes cause 
neuronal damage and are related to abnormal neurotrans-

mission[43]. Recently, an increasing number of studies has 
demonstrated the role of glial cells in the pathogenesis of 
epilepsy, including their effects on synaptic transmission[44-45]. 
Reactive astrogliosis is characterized by molecular, cellular, 

Figure 2 Increased presence of Notch1 receptor, hairy and enhancer of split-1 (Hes1), and glial fibrillary acidic protein (GFAP) in the 
hippocampal CA3 region of temporal lobe epilepsy rats.
(A) Immunohistochemical staining for Notch1 receptor, Hes1, and GFAP in the hippocampal CA3 region of the temporal lobe epilepsy rats (× 
400). Notch1 receptor, Hes1, and GFAP-positive cells are shown by arrows. (B) The intensity of staining of these proteins in the hippocampal CA3 
region of temporal lobe epilepsy rats. Values are presented as mean ± SD. One-way analysis of variance was conducted to compare differences 
among the different groups. aP < 0.05, vs. control group, status epilepticus-free group, spontaneous recurrent seizures-free group and zileuton 
group; bP < 0.05, vs. status epilepticus group. I: Control group; II: status epilepticus-free group; III: status epilepticus group; IV: spontaneous recur-
rent seizures-free group; V: zileuton group; VI: spontaneous recurrent seizures group.
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morphological, and functional changes classified as: (1) 
changes in gene expression, (2) cell hypertrophy with chang-
es in function, and (3) secondary proliferation of astrocytes 
and other types of cells, organizational restructuring, and 
collagen deposition[46]. Changes in astrocytic transporters 
and receptors in hippocampal sclerosis of temporal lobe epi-
lepsy[7] lead to functional changes of water channels and ion 
channels in reactive astrocytes, resulting in a deteriorated 
environment at the onset and development of epilepsy. With 
the changes in both glutamate transporters and receptors, 
and other neurotransmitters of glial cells, astrocytic prolif-
eration has been hypothesized to play an important role in 
hyperexcitability and spontaneous seizures[47].

Receptors of the Notch family are highly conserved 
trans-membrane receptors that influence the proliferation 
and apoptosis of diverse types of cells in a variety of organ-
isms[48]. Activation of Notch signaling requires the binding 
of Jagged and Delta like ligands followed by the release of 
the Notch intracellular domain by gamma-secretase and its 
translocation to the nucleus[49]. Notch intracellular domain 
interacts with CSL transcription factors (CBF1/RBP-Jk, 
Su(H), Lag-1) and converts them from repressors to acti-
vators, promoting the transcription of downstream genes 
involved in various differentiation programs. In previous 
studies, astrogliosis has been observed in epilepsy. Inter-
estingly, glioma and epilepsy share a feature of astrogliosis. 
Some reports have shown that Notch1 signaling may induce 
astrogliosis. Notch1 signaling plays a more important role 
than other Notch families in the adult brain[6, 19, 50]. Therefore, 
Notch1 was chosen for investigation in the present study.

The 5-lipoxygenase inhibitor, zileuton, can modulate ex-
pression levels of gamma-secretase. A previous study reported 
that zileuton has no regulatory effects on Notch signaling in 
Alzheimer’s disease[19] due to an intact blood brain barrier. 
The blood brain barrier plays an important role in the ho-
meostasis of the central nervous system, and its breakdown is 
known to be associated with epileptic seizures[51-54]. The ad-
ministration, dosage, and intervention times of zileuton in the 
present study differed from those of previous studies. Zileu-
ton may play a role in the regulation of the Notch signaling. 

In previous studies, the status epilepticus-free group and 
spontaneous recurrent seizures-free group have often been 
overlooked. Experimental data from these groups may be 
helpful in the study of epilepsy. The status epilepticus-free 
group may help to identify the causal relationship between 
the research indicators and epilepsy. Spontaneous recurrent 
seizure-free rats share similar characteristics with patients 
who have seizures only once. Therefore, these two groups 
were used in the present study to describe the possible role 
of Notch1 signaling in the pathogenesis of epilepsy.

More research is required to identify whether zileuton 
affects Notch signaling, and how this signaling mediates as-
trogliosis. Moreover, further studies are needed to investigate 
the effects of modulating the activity Notch signaling activi-
ty in temporal lobe epilepsy.

In summary, increased presence of Notch was observed in 
intractable temporal lobe epilepsy patients and experimental 
animals. Therefore, Notch signaling may play a role in the 
pathogenesis of epilepsy in temporal lobe epilepsy and its 
suppression may provide a new treatment to promote remis-

Figure 3 Increased presence of Notch1 receptor and Hes1 in the temporal lobe of temporal lobe epilepsy (TLE) patients.
Immunohistochemistry for Notch1 receptor and Hes1 in the temporal neocortex of a patient without epilepsy (A1, B1) and a patient with intrac-
table epilepsy (A2, B2). Notch1 receptor and Hes1 immunoreactive cells are indicated by arrows. Notch1 receptor- (A3) and Hes1 (B3)-immu-
noreactivites cells in normal brain tissue and the brain of an intractable epilepsy patient. Values are presented as mean ± SD. Unpaired two-tailed 
Student’s t-test was conducted to compare differences among the different groups. aP < 0.05, vs. control group.
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sion in epilepsy.

Materials, Subjects and Methods
Design
A randomized controlled animal study and clinical patho-
logical study.

Time and setting
This study was performed in the Neurological Laboratories 
of Tongji Medical College, Huazhong University of Science 
and Technology, China from March 2011 to April 2012.

Materials and Subjects
Animals
A total of 130 clean male Sprague-Dawley rats weighing 
200–230 g were obtained from Experimental Animal Center 
of Tongji Medical College, Huazhong University of Science 
and Technology, China. Animals were housed between 24 
and 25°C at 50–60% humidity in a 12-hour light/dark cycle, 
and allowed free access to food and water. All protocols were 
conducted in accordance with the Guidance Suggestions for 
the Care and Use of Laboratory Animals by the Ministry of 
Science and Technology of China[55].

Subjects
A total of 26 temporal lobe epilepsy patients from Wuhan 
Union Hospital in China were enrolled in this experiment. 
Twenty of the 26 patients (11 males and 9 females; 12–55 
years old) with intractable temporal lobe epilepsy had been 
treated with antiepileptic drugs, including valproate, car-
bamazepine, clomazepam, gabapentin, topiramate, pheno-
barbital, lamotrigine, phenytoin, or oxcarbazepine. Pre-sur-
gical assessment included a detailed history and a series of 
neurological examinations, such as neuropsychological test, 
ictal electroencephalogram studies, computed tomography 
scans, and magnetic resonance imaging. Before resection, all 
patients were subjected to intraoperative electrocorticogra-
phy. An effective treatment option for intractable epilepsy 
patients was to remove the epileptogenic zone located in the 
anterior temporal neocortex. The electrodes for the intraop-
erative electroencephalogram were placed on the remaining 
edge of the tissue to ensure that the lesion had been com-
pletely removed after its resection. Six head trauma patients 
(4 males and 2 females; 25–45 years old) were used for com-
parative purposes in the electrocorticography because their 
temporal neocortexes were histologically normal. All of these 
patients had no history of epilepsy or exposure to antiepilep-
tic drugs[56]. All of these patients or their immediate relatives 
signed written consent forms for the use of brain tissue. 

Drug
(±)-N-hydroxy-N-(1-benzo[b]thien-2-ylethyl) urea (Zileu-
ton) (Approval CAS No. 111406-87-2) was purchased from 
Wuhan GPC-China Chemistry Co., Ltd., Wuhan, Hubei 
Province, China.

Methods
Establishment of the temporal lobe epilepsy animal model
Rats were treated with lithium chloride (Sigma-Aldrich, Santa 

Clara, CA, USA; 127 mg/kg) intraperitoneally (i.p.). After 18 
hours, animals were injected with pilocarpine (15 mg/kg, i.p.) 
(Sigma-Aldrich) diluted in physiological saline. Atropine sul-
fate (1 mg/kg, i.p) (Harvest, Shanghai, China) was injected 
approximately 30 minutes before pilocarpine administration. 
Seizure severity was graded according to Racine’s standard 
five-stage scale: Stage 1, mouth and face movements; stage 
2, head nods; stage 3, clonus of the unilateral forelimb; stage 
4, clonus and rears of the bilateral forelimb; stage 5, falling 
episodes after a stage 4 seizure[57]. Pilocarpine was adminis-
tered every 30 minutes if seizure attacks or seizure activities 
were above stage 4 of the Racine’s scale. Rats graded at stage 
4 or stage 5 were used in the present study. The maximum 
dose for pilocarpine was 60 mg/kg. Status epilepticus lasting 
for 1 hour was stopped by diazepam (10 mg/kg, i.p.) (Jin-
yao, Tianjin, China)[58-61]. Rats with status epilepticus who 
entered the latency period at 24 hours after an acute attack 
were selected and reared in single cages. 

Drug administration
The final concentration of zileuton in the drinking water was 
10 mg/mL. Rats in the zileuton group were given zileuton 
(200 mg/kg, oral gavage, once a day for one month) when 
they experienced regular spontaneous recurrent seizures.

Electroencephalogram recordings
Cortical electroencephalogram has been more frequently 
used in the study of animal models of epilepsy in the past 
than at present[62-63]. Cortical electroencephalogram has many 
advantages over than scalp electroencephalogram. This tech-
nology provides more precise positioning information of the 
abnormal discharge position and can increase the probability 
of capturing slight abnormal discharges. However, cortical 
electroencephalogram is more complicated to operate and can 
lead to greater suffering of the experimental animal, increas-
ing the risk of death[64]. Interestingly, waveforms recorded by 
scalp electroencephalogram are similar to those of cortical 
electroencephalogram. Some studies have also shown that 
chloral hydrate has little impact on the electroencephalogram 
waveform at a sedative dose[65-66]. Therefore, we selected scalp 
electroencephalogram over cortical electroencephalogram 
in the present study. Rats were anesthetized with chloral 
hydrate (3 mL/kg, i.p.) to record the electroencephalogram. 
After rats were fixed, two small silver needles, which served 
as the electrodes, were inserted underneath the scalp on 
both sides of the temporal region (0.65 cm in front of the 
connection of the external ear gate and 0.4 cm beside the 
center line). The reference electrode was inserted underneath 
the scalp of the frontal pole mid-point (1.2 cm in front of 
the external ear gate). Electroencephalogram signals that 
were filtered below 0.53 Hz and above 30 Hz were subjected 
to an analog-to-digital conversion by a dynamic electro-en-
cephalograph (Symtop Instrument Co., Ltd., Beijing, China). 
All rats underwent electroencephalogram monitoring (once a 
week for 2–4 hours) to record electroencephalogram patterns. 
The numbers of spike-wave discharges were summarized 
when rats entered the status epilepticus and the spontaneous 
recurrent seizures period. Some rats with spontaneous recur-
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rent seizures were given zileuton or vehicle for one month. 
For the spontaneous recurrent seizure rats not treated with 
the test drug, electroencephalogram was recorded separately.

Behavioral observation
Fifteen days after the onset of status epilepticus, video 
surveillance was used to monitor the occurrences of spon-
taneous recurrent seizures throughout the day. Behavioral 
parameters, such as latency period (the period between the 
acute seizure and spontaneous recurrent seizures), seizure 
frequency, duration of the chronic phase, and mortality 
during all periods were also recorded.

Tissue processing
After rats were anesthetized (10% chloral hydrate; 0.3 mL/100 g, 
i.p.), the abdominal cavity was opened and animals were 
rapidly perfused (via the left ventricle) with saline until the 
perfusate turned clear. The perfusate was then switched to 4% 
paraformaldehyde in PBS. Brains were sliced into sections (4 
μm) and paraffin-embedded. Human brain tissue samples 
were taken from the medial temporal lobe. These samples 
were immediately fixed with 4% paraformaldehyde in PBS 
followed by processes previously described[60]. All samples 
from patients were obtained within 30 minutes to 3 hours.

Immunohistochemical staining
Slices were dewaxed at 65°C for 2 hours and rinsed (3 × 5 
minutes) in PBS and then incubated with 0.3% hydrogen 
peroxide at room temperature to block endogenous peroxi-
dase activity. Slices were then incubated with bovine serum 
albumin at room temperature for 20 minutes. followed by 
rabbit anti-Notch1 polyclonal antibody (1:100; Cell Signaling, 
Boston, MA, USA), rabbit anti-rat/human hairy and enhancer 
of split-1 monoclonal antibody (1:100; Epitomics, Burlin-
game, CA, USA) or rabbit anti-glial fibrillary acidic protein 
polyclonal antibody (1:100; ProteinTech Group Inc., Chicago, 
IL, USA), diluted in PBS (0.01 mol/L, pH 7.4). Sections were 
stored overnight inside a box at 4°C, and then incubated 
for 2 hours at 37°C and rinsed in PBS (3 × 5 minutes). The 
slices were subsequently incubated with goat anti-rabbit IgG 
(1:50; KPL, Washington, DC, USA) for 30 minutes at 37°C, 
rinsed in PBS (3 × 5 minutes) then exposed to horseradish 
peroxidase at 37°C for 30 minutes and rinsed (3 × 5 minutes) 
in PBS. Sections were stained with 3,3′-diaminobenzidine at 
room temperature in the dark for 10 minutes. The reaction 
was terminated with distilled water and the slices were stained 
with hematoxylin. Sections were then dehydrated in graded 
ethanol. The same steps were carried out in the negative con-
trol group, but the primary antibody was replaced with PBS. 
Slices were photographed (NIKON ECLIPSE TI-SR, Tokyo, 
Japan) at the same magnification (× 400) and light intensity. 
After adjustment of the gray scale, the mean absorbance value 
of each slice was measured by Image-Pro plus 6.0 software 
(Media Cybernetics, Bethesda, MD, USA). The presence of 
positive particles was measured in terms of absorbance values.

Statistical analysis
All values were presented as mean ± SD and were analyzed 
by the one-way analysis of variance. The unpaired two-

tailed student t-test was employed to compare the presence 
levels of Notch1 receptor and hairy and enhancer of split-1 
with patients with or without intractable epilepsy. Statistical 
analysis was carried out using SPSS 12.0 software (SPSS Inc., 
Chicago, IL, USA). Values of P < 0.05 were considered statis-
tically significant.
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