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Abstract: Epilepsy is a chronic neurological disease caused by excessive synchronized discharging of brain neu-
rons. Epilepsy has been associated with a variety of voltage-gated sodium channel gene mutations, in which type II 
sodium channel (SCN2A) gene expression plays an important role in maintaining central nervous system function. 
Cell discharges increase free radicals, leading to induce epilepsy. The current study investigated the relationship 
between SCN2A expression and oxidative stress in the cortexes of patients with temporal lobe epilepsy. A total of 
30 cases of temporal lobe epilepsy were selected, including 15 cases of primary and 15 cases of secondary epi-
lepsy. Moreover, 30 cases of normal brain tissues were used as controls. SCN2A expression was tested via RT-PCR 
and Western blotting. Neuron-specific enolase (NSE) and 8-hydroxydeoxyguanosine monophosphate (8-OHdG) were 
determined by ELISA. Malondialdehyde (MDA) and Copper-zinc superoxide dismutase (Cu/Zn SOD) levels were as-
sessed with spectrophotometry. SCN2A protein and mRNA expression levels were significantly reduced, while Cu/Zn 
SOD activity was obviously decreased. Additionally, NSE, 8-OHdG, and MDA levels were markedly enhanced in the 
epilepsy group, compared with controls (P < 0.05). SCN2A protein expression was positively correlated with Cu/Zn 
SOD activity (r = 0.76, P < 0.05) and negatively correlated with 8-OHdG and MDA (r = -0.68, -0.62, P < 0.05). SCN2A 
expression in cortical tissues of patients with temporal lobe epilepsy showed a potential relationship with oxidative 
stress, mediating the development of temporal lobe epilepsy.
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Introduction

Epilepsy is a common chronic nervous system 
disease caused by excessive synchronized dis-
charging of brain neurons [1, 2]. This disease 
can be seen at all ages. Temporal lobe epilepsy 
is the most common type. Epilepticus is the 
most serious complication. Most patients expe-
riencing epileptic seizures can be controlled 
after antiepileptic treatment. However, some 
cases may develop into intractable epilepsy [3]. 
Seizure-induced brain injuries are the major 
cause of frequent and refractory epilepsy. The 
specific index of the degree of brain injuries 
caused by seizures plays an important role in 
assessing the extent of epilepsy [4]. At present, 
the mechanisms of seizures have not been fully 
elucidated. Studies have found that occurrence 

of epilepsy is related to a variety of voltage-gat-
ed sodium channel encoding gene mutations 
[5, 6]. The phenotypes of epileptic syndrome 
caused by different gene mutations are variant. 
Voltage-dependent sodium channel plays a cru-
cial role in the production and propagation of 
action potentials in neurons. Expression of type 
I and type II sodium channels (SCN1A, SCN2A) 
plays a key role in maintaining central nervous 
system function. Mutant SCN2A is related to 
epilepsy. Previous reports have shown that 
inhibitory interneuron sodium currents are sig-
nificantly decreased in SCN2A knockout mice, 
while there is no statistical change in excitatory 
vertebral neuron sodium currents [7, 8]. Cell 
discharge leads to an increase in superoxide 
radicals and hydroxyl radicals, inhibition of glu-
tamate synthase (GOGAT), and an increase of 
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excitatory neurotransmitter glutamate levels, 
inducing epilepsy. Oxidative stress is closely 
related to neuronal apoptosis and necrosis in 
an epileptic state. Neuronal cells activate reac-
tive oxygen species (ROS) and nitric oxide (NO) 
during ischemia and hypoxia, inducing mito-
chondrial apoptosis pathways. Mitochondrial 
dysfunction, oxidative stress damage, and in- 
creased free radicals are associated with each 
other in the pathological process of epilepsy. 
Brain tissue is susceptible to ROS damage, due 
to various factors, including high oxidative met-
abolic rates and low antioxidant levels [9, 10]. 
Oxidative stress may play an important role in 
epilepsy. Under oxidative stress, ROS activates 
apoptosis-related gene c-myc to bind to Max to 
form dimer. It then binds DNA core sequence 
through NF-κB, inducing neuronal apoptosis 
[11, 12]. The degree of oxidation in the body 
exceeding antioxidant function may aggravate 
brain damage. MDA levels can reflect the 
degree of lipid peroxidation and cell damage. 
SOD is the primary substance that scavenges 
free radicals and blocks damage of oxygen free 
radicals in cells [12]. The present study investi-
gated the relationship between SCN2A expres-
sion and oxidative stress in the cortexes of 
patients with temporal lobe epilepsy.

Materials and methods

Materials 

Objects: Thirty specimens from patients with 
temporal lobe epilepsy were selected from 
November 2016 to 2018. The specimens were 
obtained from patients that underwent surgical 
resections, with well preservation and com-
plete follow-up data. All cases were confirmed 
by pathology. Thirty cases of temporal lobe epi-
lepsy were selected, including 15 cases of pri-
mary epilepsy and 15 cases of simple hippo-
campal sclerosis and secondary epilepsy 
caused by cavernous hemangiomas, temporal 
lobe tumors, and arteriovenous malformation. 
Another 30 cases of normal brain tissues (cra-
nial traumatic anterior sacral resections and 
decompression) were enrolled as controls. This 
study was approved by the Ethics Committee 
and informed consent was obtained from all 
participants prior to the study.

Main reagents and instruments: MDA, SOD, 
NSE, and 8-OHdG kits (Nanjing Institute of 
Bioengineering); TRIzol RNA extraction reagent 
(Invitrogen, USA); RNase inhibitor and rever- 

se transcription kit (Fermentas, Canada); 
Horseradish peroxidase-labeled goat anti-rab-
bit secondary antibody (CST, USA); Primer pre-
mier 5.0 designed the SCN2A primer 
(Invitrogen): Forward: 5’-TTCATTGGATGGGAAT- 
GGTACT-3’; Reverse: 5’-CTGTTGCCACAAAGCA- 
GAGC-3’; Real-time PCR amplifier and analysis 
system (PE, USA); Inverted microscope (Zeiss, 
Germany); UV spectrophotometer (BioRad, 
USA).

Methods

SCN2A mRNA and protein expression: (1) Real-
time PCR detection of mRNA expression: a) 
RNA primer design and synthesis; b) RNA ex- 
traction; c) Reverse transcription (RT); and d) 
qPCR reaction to draw a standard curve; (2) 
Western blot analysis of protein expression: 
The sample was added with RIPA lysate to 
extract total protein. The protein was quantified 
with the Bradford method. A total of 50 μg pro-
tein was separated by electrophoresis and 
transferred to PVDF membranes at 400 mA for 
60 minutes. After blocking, the membranes 
were added with the corresponding monoclonal 
primary antibody overnight, as well as the cor-
responding secondary antibody. Next, the 
membranes were added with ECL chemilumi-
nescence indicator and analyzed with Quantity 
One image analysis software (BIO-RAD). Re- 
lative intensity of target protein expression = 
the gray value of the target band/gray value of 
the β-actin band.

ELISA detection of NSE and 8-OHdG and spec-
trophotometry detection of MDA and Cu/Zn 
SOD levels: Cortical tissues were added with 
separation reagent A (1 mL/100 mg), according 
to kit instructions, preparing the homogenate 
and centrifuging at 1,000 g and 4°C for 5 min-
utes. The supernatant was centrifuged at 4°C 
and 3,500 g for 10 minutes. MDA and Cu/Zn 
SOD was measured with a spectrophotometer, ac- 
cording to kit instructions. NSE and 8-OHdG 
levels were determined according to kit in- 
structions.

Statistical analysis

Statistical analyses were performed using 
SPSS 20.0 software. Measurement data were 
tested for normality and are presented as mean 
± standard deviation. Data was compared with 
one-way ANOVA and least significant difference 
(LSD) tests. Pearson’s correlation analysis was 
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also performed. P < 0.05 indicates statistical 
significance. 

Results

SCN2A mRNA expression in cortical tissues of 
patients with temporal lobe epilepsy

SCN2A mRNA expression was detected by 
Real-time PCR. SCN2A mRNA expression was 

NSE, 8-OHdG, MDA, and Cu/Zn SOD levels in 
cortical tissues of patients with temporal lobe 
epilepsy

Cu/Zn SOD activity was significantly decreased 
and NSE, 8-OHdG, and MDA levels were signifi-
cantly enhanced in the epilepsy group, com-
pared with levels in the control group (P < 0.05) 
(Figure 3A-D). SCN2A protein expression was 
positively correlated with Cu/Zn SOD activity (r 

Figure 1. SCN2A mRNA expression in cortical tissues of patients with temporal lobe epilepsy. A. qPCR amplification 
curve; B. qPCR melting curve; C. Relative SCN2A mRNA expression. *P < 0.05, compared with controls.

Figure 2. SCN2A protein expression in cortical tissues of patients with tem-
poral lobe epilepsy. A. SCN2A protein expression in the cortical tissue; B. 
Relative SCN2A protein expression. *P < 0.05, compared with controls.

significantly reduced in the epi-
lepsy group, compared to the 
control group (P < 0.05) (Figure 
1).

SCN2A protein expression in 
cortical tissues of patients 
with temporal lobe epilepsy

SCN2A protein expression was 
detected by Western blotting. 
SCN2A protein expression was 
significantly reduced in the epi-
lepsy group, compared with 
the control group (P < 0.05) 
(Figure 2).
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= 0.76, P < 0.05) and negatively correlated with 
8-OHdG and MDA (r = -0.68, -0.62, P < 0.05) 
(Figure 3E-G).

Discussion

At present, the pathological mechanisms of 
seizures have not been fully elucidated. In epi-
leptic seizures, brain tissue is hypoxic and 
damaged due to high-intensity discharging. 
Under physiological conditions, oxidation and 
anti-oxidation functions are maintained in a 
dynamic balance state. This balance is disrupt-
ed during high-intensity discharges, leading to 
brain tissue hypoxia, increased oxidative stress 
levels, and aggravated brain damage. Increa- 
sed free radicals may change neuronal mem-
brane and synaptic function, affect the cell 
membrane structure and permeability, and 
induce epilepsy [13, 14]. One of the oxygen per-
oxide and cell membrane unsaturated fatty 
acid lipid peroxidation end products, MDA can 
reflect the degree of lipid peroxidation and cell 

damage. SOD is the primary substance that 
scavenges free radicals and blocks damage of 
oxygen free radicals in cells. Moreover, 8-OHdG 
reflects the degree of DNA oxidative damage. 
When DNA is attacked by oxygen free radicals, 
guanine is oxidized [15, 16]. SOD, MDA, and 
8-OHdG are common indicators reflecting oxi-
dation stress [14-16]. Cu/Zn SOD is a key dis-
mutase for superoxide anion radicals. After epi-
leptic seizures, multiple free radicals may inter-
act with each other. However, there remains a 
lack of information concerning the roles of ion 
channel regulation on oxidative stress. The cur-
rent study analyzed the relationship between 
SCN2A expression and oxidative stress in brain 
bulging tissues of patients with temporal lobe 
epilepsy from gene and protein levels, providing 
reference for the study and prevention of 
epilepsy.

Under physiological condition, the antioxidant 
system maintains a dynamic balance with ROS 
production. Under pathological conditions, br- 

Figure 3. NSE, 8-OHdG, MDA, and Cu/
Zn SOD levels in cortical tissues of pa-
tients with temporal lobe epilepsy. (A) 
Cu/Zn SOD level comparison; (B) MDA 
level comparison; (C) NSE level compari-
son; (D) 8-OHdG level comparison; Cor-
relation of SCN2A expression with Cu/
Zn SOD levels (E); 8-OHdG level (F); MDA 
levels (G). *P < 0.05, compared with 
controls.
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ain tissue hypoxia and other conditions attenu-
ate antioxidant capacity and produce excessive 
free radicals, leading to oxidative stress dam-
age. Hypoxia-induced oxidative stress has been 
associated with a variety of factors, including 
decreased function of the antioxidant system 
and elevated inflammatory factor levels, result-
ing in brain cell damage [17, 18]. NF-κB signal-
ing pathways are involved in cell ischemia and 
hypoxia. Both in vitro and in vivo tests have indi-
cated that NF-κB is involved in the pathological 
processes of cerebral ischemia and hypoxia. 
Secondary damage around the hematoma 
after cerebral ischemia and hypoxia has been 
associated with NF-κB activation [17]. NSE can 
reflect neuronal damage. It is closely related to 
synaptic plasticity, gliosis, memory deposition, 
and formation of nerve cells. Furthermore, it 
plays an important role in the involvement of 
nerve cells in cognitive function [18]. Present 
results showed that Cu/Zn SOD activity was 
obviously decreased and NSE, 8-OHdG, and 
MDA levels were markedly enhanced in the epi-
lepsy group, compared with controls. Results 
suggest that oxidative stress may mediate 
occurrence and development of temporal lobe 
epilepsy. SOD can increase antioxidant enzyme 
activity and reduce brain damage via inhibiting 
oxidative stress levels. This may be related to 
mitochondrial ATP-sensitive potassium chan-
nels and mitochondrial membrane stability 
[19].

Voltage-dependent sodium channels play an 
important role in the generation and propaga-
tion of neuronal action potentials. There are 11 
genes encoding the sodium channel α subunit 
in humans, while only SCN8A, SCN1A, SCN2A, 
and SCN3A are expressed in the central ner-
vous system. The current produced by type I 
and type II sodium channels in the central ner-
vous system accounts for 70%. It has been 
observed that downregulation of SCN2A gene 
expression is associated with the development 
of epilepsy. There are no significant changes in 
sodium current of excitatory vertebral neurons 
in SCN2A knockout mice. Inhibitory inter-neuro-
nal sodium currents were significantly reduced 
and SCN2A mutant mice showed persistent sei-
zures [20-22]. In the current study, expression 
levels of SCN2A mRNA and proteins in the cor-
texes of patients with temporal lobe epilepsy 
were determined by RT-PCR and Western blot. 

It was revealed that expression levels of SCN2A 
mRNA and proteins in the cortexes of patients 
with temporal lobe epilepsy were significantly 
lower than those of normal tissues. Cu/Zn SOD 
activity was obviously decreased and NSE, 
8-OHdG, and MDA levels were markedly en- 
hanced in the epilepsy group, compared with 
controls. SCN2A protein expression was posi-
tively correlated with Cu/Zn SOD activity and 
negatively correlated with 8-OHdG and MDA, 
indicating that SCN2A expression in cortical tis-
sues of patients with temporal lobe epilepsy 
may have a potential relationship with oxidative 
stress.

With a deepening of epilepsy and neuronal 
damage caused by free radicals, anti-free radi-
cal treatments, which protect nerve cells, have 
increased. In the epilepsy artery model, free 
radical scavengers can exert neuroprotective 
effects through various pathways. However, the 
effects require further investigation. The pres-
ent study only explored the possible relation-
ship between SCN2A expression in cortical tis-
sues and oxidative stress in patients with tem-
poral lobe epilepsy. Reducing ROS levels may 
help to alleviate epileptic mediated neuronal 
damage. The specific pathogenesis of temporal 
lobe epilepsy should be further explored.

Conclusion

SCN2A expression in cortical tissues of patients 
with temporal lobe epilepsy showed a potenti- 
al relationship with oxidative stress, mediating 
the development of temporal lobe epilepsy.
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