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Abstract
Epilepsy is a disorder of the brain characterized by an enduring predisposition to generate epileptic seizures. The glycolytic 
inhibitor 2-deoxy-d-glucose (2-DG) has been reported to exert antiepileptic effects by upregulating KATP subunits (kir6.1 
and kir6.2). We evaluated whether 2-DG exhibits anti-seizure effect by mediating the netrin-G1-KATP signaling pathway in 
epilepsy. In a mouse epilepsy model induced by lithium chloride-pilocarpine, 2-DG intervention increased the mRNA and 
protein expression levels of kir6.1 and kir6.2, and these increases were significantly reversed after knocking down netrin-
G1 expression. Similarly, in cultured neurons with a magnesium-free medium, we found that the frequency of spontaneous 
postsynaptic potentials (SP) was increased, and in the meanwhile, expression levels of kir6.1 and kir6.2 were increased after 
pretreatment with 2DG. These effects were remarkably reversed after knocking down netrin-G1. Thus, our findings show 
that 2DG exhibits anti-seizure effects through the netrin-G1-KATP signaling pathway.
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Introduction

Epilepsy is a disorder of the brain characterized by an endur-
ing predisposition to generating epileptic seizures and by the 
neurobiological, cognitive, psychological, and social conse-
quences of this condition. The diagnosis of epilepsy needs to 
meet one of the two criteria First, at least two unprovoked (or 
reflex) seizures occurring > 24 h apart. Second, one unpro-
voked (or reflex) seizure and a probability of further seizures 
similar to the general recurrence risk (at least 60%) after 
two unprovoked seizures occurring over the next 10 years 
[1]. Epilepsy is a global health issue affecting more than 

50 million people [2].Thus, new targets of antiepileptic drugs 
are needed. The construction of abnormal neural networks is 
an important pathological source of intractable epilepsy [3, 
4]. During the development of the nervous system, neurons 
and axons are guided to the right locations to form correct 
neural networks through various axon guidance molecules. 
Therefore, axon guidance molecule families play an essential 
role in the neural network construction of epilepsy patients.

Netrin-G1 is an axon guidance molecule involved in syn-
aptic plasticity. It belongs to the netrin family which includes 
netrin1, netrin 3, netrin 4 and netrin-G2 [5, 6]. Netrin-G1 
is located at chromosome 1p13 and encodes a protein of 
539 amino acid residues with a molecular weight at 61 kDa. 
Netrin-G1 is highly expressed in the brain and kidney, and 
is weakly expressed in the spleen, liver and lungs [7]. In 
the brain, netrin-G1 is mainly expressed in the occipital 
pole, frontal and temporal lobes, putamen, hippocampus, 
and thalamus [8]. It consists of at least six isoforms, five 
of which are anchored to the presynaptic membrane via 
glycosyl phosphatidyl-inositol linkages [8]. After binding 
to its specific ligand (NGL-1), NetrinG1 promotes axon 
growth, regulates synapse formation, and maintains the bal-
ance between excitatory versus inhibitory neurotransmitter 
[9–12]. And NGL-1 is a transmembrane protein contain-
ing a C-terminal intracellular postsynaptic binding motif, 
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which interacts with scaffolding proteins such as PSD-95 
family members [10, 13].Many studies have found that gene 
polymorphisms of netrin-G1 are associated with synaptic 
plasticity-related diseases, such as schizophrenia and bipolar 
disorder [14–18]. Epilepsy is a type of synaptic plasticity-
related disease and synaptic recombination accompanied by 
axon sprouting can lead to the construction of abnormal net-
work, which can promote the induction of epilepsy. Thus, it 
could be inferred that netrin-G1 is associated with epilepsy.

The KATP channel is a special non-voltage-dependent 
potassium channel which links cell metabolism with elec-
trical activity [19]. In the brain, KATP channel is widely 
expressed in substantia nigra, striatum, and hippocampal 
neurons [20]. Structurally, KATP channel is octamultimeric 
complexes of four Kir6.1/ Kir6.2 subunits and four associ-
ated SUR subunits. Recent studies show that KATP channel 
plays an anti-seizure effect [21]. In our previous study, we 
had found that glycolysis inhibitor 2-DG plays an anti-seizure 
role by upregulating the mRNA and protein expressions of 
kir6.1 and kir6.2 [22]. However, the mechanism underlying 
2-DG induced regulation of KATP channels is unclear. It is 
possible that netrin-G1 might act as an upstream regulator of 
the KATP channel. We hypothesize that 2-DG may exert its 
anti-seizure effect by regulating netrin G1- KATP signaling 
pathways.

Materials and Methods

All experimental protocols were approved by the Medical 
Experimental Center and Ethics Committee of the Third 
Xiangya Hospital of Central South University. All experi-
ments were carried out in accordance with the approved 
guidelines.

Mice

Male C57BL/6 mice (5–6 weeks, 19–23 g, n = 150) were 
provided by the Third Xiangya Hospital experimental ani-
mal center and were maintained under a controlled standard 
condition, which included normal room light (12 h regular 
light/dark cycle) and temperature (22 ± 1 °C). Six mice were 
chosen for each group.

Establishment of the Epileptic Model

Mice were randomly and equally divided into 5 groups, 
including a control group (control); EP group: a lithium-
chloride (LiCl) pilocarpine kindling epileptic model; 2DG 
group: 2-DG (250 mg/kg) (sigma, USA) was administered 
30 min before LiCl-pilocaprine induced status epilepticus 
(SE). EPSI group: mice were transfected with si-netrin-G1 
(50 nmol) (ribo.CHN) before LiCl-pilocarpine treatment. 

siRNA was transfected using intracerebroventricular micro-
injection. DGSI group: mice were transfected with si-netrin-
G1 before 2-DG and LiCl-pilocarpine intervention.Drugs 
and siRNA were administered between 8 a.m. to 10 a.m. 
Status epilepticus was terminated by diazepam (10 mg/kg) 
after 30 min of the onset. The mice that were kindled by 
pilocaprine after 120 min were eliminated from the groups.

Behavior Measurement and EEG Recording

Behavior measurement was recorded by three aspects, includ-
ing seizure score, seizure latency and seizure duration. Sei-
zure score was classified according to the Racine scale [23, 
24]. Mice with racine scores greater than four was consid-
ered as having seizure. Mice with scores less than four were 
excluded from the study. Electrographic activity after LiCl-
pilocarpine treatment was assessed by EEG recordings in 
the hippocampus. 10% chloral hydrate was intraperitoneally 
injected into mice for anesthesia. After anesthesia, a record-
ing electrode was placed in a burr hole 3.0 mm posterior 
to the bregma, 1.8 mm lateral to the midline, and 3.0 mm 
ventral to the surface of the skull. The other burr hole was 
for the ground screw, which was placed on the left side 4 mm 
anterior to bregma.

Real Time‑PCR

Cervical dislocation was used for scarifying mice, and the 
procedure was performed out of sight of the other mice. 
Death was verified by sudden cardiac cessation and res-
piratory arrest. Only the mice that reach the criterion in 
this experiment were used for this study. Total RNA was 
extracted from the hippocampus using TRIzol reagent 
(life, USA) in accordance with the manufacturer’s instruc-
tions. The concentration of total RNA was determined 
and measured with an absorbance ratio between 1.7 and 
2.0 at 260/280 nm. Then, total RNA was transcribed into 
cDNA using the Reverse First Strand cDNA Synthase kit 
(TAKARA, Japan). Quantitative real-time polymerase chain 
reactions were performed using SYBR Green PCR premix 
(TAKARA, Japan). Sequences of mRNA primers were as 
follows:

GAPDH-F: GCA​GTG​GCA​AAG​TGG​AGA​TT,
GAPDH-R: CGT​TCC​TGG​AAG​ATG​GTG​AT,
Kir6.1-F:TCT​TCA​CCA​CCT​TGG​TAG​ACCT,
Kir6.1-R: ACC​TGA​CAT​TGG​TCA​CAC​AGAC,
Kir6.2-F:AAC​ACC​ATT​AAA​GTG​CCC​ACAC,
Kir6.2-R:AGA​GAT​GCT​AAA​CTT​GGG​CTTG.
NetrinG1-F:TGC​TAA​ACA​CAG​TCA​TTT​GCGT,
NetrinG1-R:GCA​CAC​ATT​CTC​ATC​GTC​CAG.
The thermal cycler conditions included 40 cycles at 95 °C 

for 5 s and then 60 °C for 30 s. The expressions of microRNA 
and mRNA were analyzed using the 2 −△△CT method [25].
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Fig. 1   Netrin-G1 can up-
regulate the expressions of 
kir6.1 and kir6.2 in vivo model. 
Transfected with si- Netrin-G1 
(50 nmol) before licl-pilocar-
pine treated mice named EPSI 
group. The effect of siRNA is 
proved by RT-PCR and Western 
blot (shown in a1 and a2). 
Compared with control group 
(n = 8), the expression of kir6.1 
and kir6.2 mRNA increased in 
EP group at day1 (n = 6) and 
day7 (n = 6) (shown in figure 
b and figure c). Compared 
with EP group, the expression 
of kir6.1 and kir6.2 mRNA 
decreased in EPSI group at day1 
(n = 6) and day7 (n = 6) (shown 
in figure b to figure c). As to 
protein, compared with control 
group, the expression of kir6.1 
and kir6.2 protein increased 
in EP group (shown in d to f). 
Compared with EP group, the 
expression of kir6.1 and kir6.2 
protein decreased in EPSI group 
at day1 and day 7 (shown in d to 
f). # represents compared with 
control group, p < 0.05.*Repre-
sents compared with EP group, 
p < 0.05
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Western Blotting

Protein was extracted from the hippocampus using RIPA 
and PMSF. 20 µg of total protein were separated by 10% 
SDS–PAGE, and the proteins were transferred to a poly-
vinylidene difluoride membrane (Minipoll, USA). After 
blocking with 5% no-fat milk in TBST, the membrane was 
incubated overnight with rabbit antimouse kir6.1 and kir6.2 
(Sigma; 1:1000) overnight. Immunoreactive bands were 
visualized by electrochemiluminescence (Minipoll) after 
incubation with a horseradish peroxidase (HRP)-conjugated 
antirabbit or antigoat antibody. The ratio of the targeted pro-
tein of interest to GAPDH was used for statistical analyses.

Cultured Neurons

1 to 2 days Neonatal mice were provided by the Third 
Xiangya Hospital experimental animal center. Hippocam-
pal tissues were removed from mice and digested by using 
papainase. Neurons were incubated with neurobasal medium 
(Gibco). Approximately half of the culture medium was 
changed every 2 days. The siRNA transfection reagents were 
used at day 5 and the cultured neurons were used for the 
subsequent experiment at day 8.

Patch‑Clamp Recording

The membrane potentials of neurons were measured by 
whole-cell patch-clamp recording using a patch amplifier 
detector. A cell dish was placed on an inverted microscope 
(Olympus, Japan). Patch pipettes were filled with an intra-
cellular solution containing 140 mM KCl, 0.5 mM EGTA, 
5 mM HEPES and 3 mM Mg-ATP. The pH was adjusted 
to 7.3 with KOH, and the osmolarity was adjusted to 
315 mOsm with dextrose. The experiments were performed 
at room temperature (20 °C). The pipette resistance intracel-
lularly was 2–4 MΩ. The pipette resistance and capacitance 
were calculated electronically after the establishment of a 
gigaseal. Data were recorded only when the series resistance 
was < 20 MΩ. Cultured neurons with small dendritic arbori-
zations, long axons and pyramidal somas with diameters of 
20–26 µm were selected for the electrophysiological record-
ings. Whole-cell recordings were performed using an EPC-
10 amplifier (HEKA, Germany) in the current-clamp mode. 
Data were collected and analyzed using Clamp-fit software.

Statistical Analysis

Data were presented as the mean ± standard error of the 
mean (SEM). One-way ANOVA with Tukey post hoc test 
was used for statistical analysis. Chi square test was used 
for the Racine scale. P < 0.05 was considered to indicate a 
significant difference.

Results

Netrin‑G1 Upregulated kir6.1 and kir6.2 Expressions 
In Vivo

The EPSI group included mice were transfected with si-
netrin-G1 (50 nmol) before LiCl-pilocarpine treatment. The 
efficiency of siRNA was determined by RT-PCR (p < 0.01) 
and Western blotting (respectively shown in Fig. 1a1 and 
a2). Compared with the control group, 2DG intervention sig-
nificantly increased the expressions of kir6.1 and kir6.2 both 
at mRNA and protein levels at day 1 and day 7 in lithium 
chloride-pilocarpine-induced epilepsy model (kir6.1 mRNA, 
p = 0.041, p = 0.049; kir6.1 protein, both p < 0.01; kir6.2 
mRNA, p = 0.047, p = 0.013; kir6.2 protein, both p < 0.01) 
(shown in Fig. 1b, c, e, f). While knockdown of Netrin-G1 
partially reversed these effects caused by 2DG reflected by 
decreased expressions of kir6.1 and kir6.2 (kir6.1 mRNA, 
p = 0.025, p = 0.014; kir6.1 protein, p = 0.016, p < 0.01; 
kir6.2 mRNA, p = 0.037, p = 0.046; kir6.2 protein, both 
p < 0.01) (shown in Fig. 1b, c, e, f).

Netrin‑G1 Upregulated kir6.1 and kir6.2 Expressions 
and Activated KATP Channel In Vitro

In cultured neurons, the patch–clamp recordings were 
divided into three groups (shown in Fig. 2a). Cultured neu-
rons without magnesium-free medium (non-MGF medium) 
served as the control group (Fig. 2a1), while MGF medium-
treated group was named EP group (Fig. 2a2). According 
to other research articles, behavioral seizures (the defining 
feature of clinical epilepsy) cannot occur in cultured hip-
pocampal neurons. Here, we recorded SP and used the termi-
nologies outlined in comprehensive literature reviews, which 
were as follows: brief (typically < 100 msec), interictal-like 

Fig. 2   Netrin-G1 can up-regulate the expressions of kir6.1 and kir6.2 
and activate KATP channel in vitro model. In cultured neurons, the 
patch–clamp recordings were divided into three groups (shown in fig-
ure a). Cultured neurons treated with none magnesium-free medium 
(non-MGF medium) named control group (a1) (n = 6), while MGF 
medium-treated group named EP group(a2) (n = 6). MGF epilepsy 
was built successfully (figure b). Cultured neurons transfected with 
si-Netrin-G1 reagent (50 nmol) was named SI group (a3) (n = 6). The 
effect of siRNA is proved by RT-PCR in figure c. Compared with EP 
group, AP frequency increased in SI group (figure b). Compared with 
control group, the expression of kir6.1 and kir6.2 mRNA increased in 
EP group (figure d1 and d2). Compared with EP group, the expres-
sion of kir 6.1 and kir 6.2 mRNA decreased in SI group(figure d1 
and d2). As to protein, compared with control group, the expression 
of kir6.1 and kir6.2 protein increased in EP group (figure f1 and f2). 
Compared with EP group, the expression of kir6.1 and kir6.2 pro-
tein decreased in SI group (figure f1 and f2). # represents compared 
with control group, p < 0.05.* represents compared with EP group, 
p < 0.05

◂
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discharges as epileptiforms, epileptiform discharges, or epi-
leptiform bursts, and longer (several sec, presumably ictal) 
seizure-like discharges as electrographic seizures [26–31]. 
Cultured neurons transfected with si-Netrin-G1 reagent 
(50 nmol) were categorized into SI group (Fig. 2a3). The 
effect of siRNA was detected by RT-PCR, as shown in 
Fig. 2c (p < 0.01). Compared with the control group, 2DG 
administration significantly increased the expressions of 
kir6.1 and kir6.2 at both mRNA and protein levels and 
decreased SP frequency in magnesium-free medium-induced 
epilepsy model (all p < 0.01) (shown in Fig. 2d, f), while 
knockdown of Netrin-G1 partially reversed these effects 
caused by 2DG (frequency, p = 0.031; mRNA and protein, 
all p < 0.01) (shown in Fig. 2b, d, f).

2DG Played an Anti‑seizure Effect by Mediating 
NetrinG‑1 to Regulate kir6.1,kir6.2 Expression 
In Vivo

LiCl-pilocarpine- and 2-DG (250 mg/kg)-treated mice were 
regarded as the 2DG group. The DGSI group is the mice 
treated with si-netrinG1 (50 mmol) before LiCl-pilocar-
pine and 2DG intervention. Compared with the EP group, 
2DG administration significantly increased seizure latency 
time and decreased seizure duration(p < 0.01, p = 0.031, 
p = 0.014) (Fig. 3b, c), while knockdown of Netrin-G1 par-
tially reversed these effects caused by 2DG (EPSI group 
p = 0.01, p = 0.378, p = 0.011 DGSI group all p < 0.01). 
Figure 3a1 to a5 show the EEG recordings of the control, 
EP, 2DG, EPSI and DGSI groups. Compared with the EP 
group, treatment of mice with 2DG significantly increased 
the expressions of kir6.1 and kir6.2 both at mRNA and pro-
tein levels at day 1 and day 7 in lithium chloride-pilocarpine-
induced epilepsy model. (kri6.1 mRNA, p = 0.03, p = 0.041; 
kir6.1 protein, p = 0.01, p = 0.027; kir6.2 mRNA, p = 0.038, 
p = 0.044; kir6.2 protein, p = 0.048, p < 0.01) (shown in 
Fig. 3d, e, g, h). While knockdown of Netrin-G1 partially 
reversed these effects caused by 2DG (DGSI group all, 
p < 0.01) (shown in Fig. 3d, e, g, h).

2DG Played Anti‑Seizure Effects by Mediating 
Netrin‑G1 to Regulate kir6.1, kir6.2 Expression 
and Activate KATP Channel In Vitro

Cultured hippocampal neurons were separately transfected 
with si-netrinG1 (50 nmol) and control reagent (50 nmol) 
at day 5 and treated with MGF medium at day 8. SP fre-
quency was tested after MGF medium treatment for 3 h. 
The frequency of MGF group was increased by threefolds 
compared to the non-MGF medium group, while the fre-
quency found in the MGF medium group was larger than 
3 Hz. Compared with EP group, 2DG administration sig-
nificantly decreased SP frequency (p < 0.01) (Fig. 4b), while 

knockdown of Netrin-G1 partially reversed the decreased 
SP frequency induced by 2DG (p < 0.01). In comparison 
with SI group, SP frequency of SI + DIA decreased and 
increased in SI + Gli, although this finding was not signifi-
cant (SI + DIA group p = 0.152,SI + Gli group p = 0.090). 
Compared with the EP group, 2DG administration signifi-
cantly increased the expressions of kir6.1 and kir6.2 both 
at mRNA and protein levels in magnesium-free medium-
induced epilepsy model (kir6.1, p = 0.044, p < 0.01; kir6.2, 
p = 0.012, p < 0.01) (Fig. 4c, d), while knockdown of Netrin-
G1 partially reversed these effects caused by 2DG (kir6.1, 
both p < 0.01; kir6.2, both p < 0.01).

Discussion

Epilepsy is a disorder of the brain characterized by an 
enduring predisposition to generating epileptic seizures. 
The glycolysis inhibitor 2-DG plays an anti-seizure effect 
in different models of seizure [32]. In a previous study, we 
found that 2-DG exerts anti-seizure effects by upregulat-
ing the expression of KATP subunits (kir6.1 and kir6.2) 
[22].Given that epilepsy is a plasticity-related disease and 
Netrin-G1 participates in the pathogenesis of synaptic 
plasticity-related diseases [14–18, 33], netrin-G1 might 
be also involved in the pathogenesis of epilepsy. In this 
experiment, our results first found that netrin-G1 has anti-
seizure effects in a lithium chloride-pilocarpine-induced 
epilepsy model (in vivo epilepsy model) and magnesium-
free medium-induced epilepsy model (in vitro epilepsy 
model), which was consistent with our hypothesis.

How did netrin-G1 have an anti-seizure effect both 
in  vivo and vitro epilepsy models? We speculate that 
netrin-G1 may have anti-seizure effects by promoting 
axonal growth, regulating the synaptic formation, and 
inhibiting synaptic recombination and axon sprouting. 
The KATP channel may be the downstream effector of 
netrin-G1, and netrin-G1 may have an anti-seizure effect 
by mediating KATP channel. Our results show that the SP 
frequency was increased, while expressions of kir6.1 and 
kir6.2 were increased in vivo and vitro epilepsy models. 
These increases were significantly reversed after knocking 
down netrin-G1 expression, suggesting that netrin-G1 is 
an upstream regulator of KATP channel and has an anti-
seizure effect by upregulating the expressions of kir6.1 
and kir6.2 while activating KATP channels in in vivo and 
in vitro epilepsy models.

While our results in the in vivo epilepsy model are 
consistent with previous reports [22], they are inconsist-
ent with the findings reported by Jiang et al [22, 34, 35]. 
The difference may be attributed to the difference in epi-
lepsy models between the two studies. The characteristic of 
picrotoxin (PTX)-induced rats is that the seizure duration 
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Fig. 3   2-DG plays anti-seizure 
effect by mediating Netrin-G1 
to regulate kir6.1 and kir6.2 
in vivo model. Figure a1 to a5 
is the EEG recording of control, 
EP, 2DG, EPSI and DGSI 
groups. Compared with EP 
group (n = 6), seizure latency 
time increased and seizure dura-
tion decreased in 2DG group 
(n = 6) (figure b and c). Com-
pared with EP group, seizure 
latency time decreased and sei-
zure duration increased in EPSI 
group (n = 6). Compared with 
2DG group, seizure latency time 
decreased and seizure dura-
tion increased in DGSI group 
(n = 6). Compared with EP 
group, the expression of kir6.1 
mRNA and protein increased 
in 2DG group at day1 and day 
7 (shown in figure d1, e1, g1 
and h1). Compared with EP 
group, the expression of kir6.2 
mRNA and protein increased 
in 2DG group at day1 and day7 
(shown in figure d2, e2, g2 
and h2). Compared with 2DG 
group, the expression of kir6.1 
mRNA and protein decreased 
in DGSI group at day 1 and day 
7 (shown in figure d1, e1, g1 
and h1). Compared with 2DG 
group, the expression of kir6.2 
mRNA and protein decreased in 
DGSI group at day 1 and day 7 
(shown in figure d2, e2, g2 and 
h2). # represents compared with 
EP group, p < 0.05. *Represents 
compared with 2DG group, 
p < 0.05
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is short, while repeated application of subconvulsive 
stimuli is needed to induce progressive seizure activity, 
which culminates in tonic–clonic convulsions. This might 
explain why mRNA expressions of kir6.1 and kir6.2 were 
decreased during the seizure-free interval in the hippocam-
pus of picrotoxin (PTX)-induced model. Lithium chloride-
pilocarpine induced epilepsy model exhibits more rapid 
acute status epilepticus followed by appearance of sponta-
neous recurrent seizures among several latent periods, and 
our team has demonstrated the expressions of kir6.1 and 
kir6.2 were increased in this model [22]. Our results are 
consistent with the findings of Alfredo Giménez-Cassina 
et al, who showed that KATP channel has an antiseizure 
effect [36].

A study by He XP et al showed that PLCγ1 is activated 
in the pilocarpine epilepsy model. Protein kinase C is an 
identified downstream protein of DAG, which act as a 
secondary messenger in the PLCγ signal pathway. More 
importantly, studies have shown that PLCγ activates pro-
tein kinase C [37]. There are many studies demonstrated 
that KATP channel is inhibited by protein kinase C [38–40] 
and netrin-G1 shows a specific association with PKC 
signaling [41]. Thus, netrin-G1 may exert an anti-seizure 
effect by mediating PLCγ-PKC-KATP channel signaling 

pathway. However, the details of this mechanism need to 
be further explored.

In our experiment, we investigated whether 2DG exerts 
its anti-seizure effect through netrin-G1-KATP signaling 
pathway. Our findings show that 2DG pretreatment increased 
the mRNA and protein levels of kir6.1 and kir6.2, as well as 
decreased SP frequency both in vivo and vitro epilepsy mod-
els. Furthermore, these effects were significantly reversed 
after knocking down netrin-G1 expression. The results 
show that 2DG exerts an anti-seizure effect through netrin-
G1-KATP signaling pathway in in vivo and vitro epilepsy 
models. The results of behavioral and EEG recordings are 
consistent with our previous reports [22]. In addition, Forte’s 
findings are similar to our results, which showed that 2DG 
has antiseizure effects by potentiating the extrasynaptic tonic 
GABAergic current in hippocampal slices [42].

It is currently believed that the mechanism of the anti-
seizure effect of 2-DG is based on decreased expression of 
brain-derived neurotrophic factor (BDNF) and its receptor 
tyrosine kinase B (trkB) [43]. No study has explored the 
possible association of2-DG’s anti-seizure effect with netrin-
G1 mediated PLCγ-PKC-KATP channel signaling pathway.

Currently, there is inadequate control over recurrent sei-
zures in the majority of patients, despite the use of available 
anti-seizure drugs. Our study shows that 2DG may be used 
in seizure prevention through its interactions with netrin-G1 
and activation of KATP channels. While there are still many 
unclear mechanisms that need to be explored, no study has 
elucidated the details of the interactions between netrin-G1 
and KATP channels thus far. Our study provides a novel 
insight into the interaction between netrin-G1 and activation 
of KATP channels in epilepsy. Further studies exploring the 
antiepileptic mechanisms underlying the role of netrin-G1- 
KATP signal pathway are wanted.
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Fig. 4   2-DG plays anti-seizure effect by mediating Netrin-G1 to 
regulate kir6.1 and kir6.2 and activate KATP channel in vitro model. 
Cultured hippocampal neurons were separated transfected with si-
netrin-G1 (50  nmol) and control reagent (50  nmol) at DIV 5 and 
treated with MGF medium at DIV 8. SP frequency was tested after 
MGF medium treated 3 h. MGF epilepsy was built successfully for 
the frequency three times increased than non-MGF medium group, 
while the frequency of MGF medium group is larger than 3 Hz. (a1) 
represents recordings of MGF medium treated neurons (EP), which 
is identical to the same group in Fig.  2a2. (a2) represents record-
ings of neurons treated 2-DG 30  min before MGF medium treating 
(2DG). (a3) represents recordings of neurons transfected si-netrin G1 
and treated 2-DG 30 min before MGF medium treating (SI + 2DG). 
(a4) represents recordings of neurons transfected si-netrin G1 and 
treated Gliben 30 min before MGF medium treating (SI + GLI). (a5) 
represents recordings of neurons transfected si-netrin G1 and treated 
Diazoxide 30  min before MGF medium treating (SI + DIA). While 
compared with EP group, SP frequency of 2DG group decreased (fig-
ure b). Compared with SI group, SP frequency of SI + DIA decreased 
and SI + GLI increased although no significance. Compared with 
2DG group, SP frequency of DGSI group decreased. Compared with 
EP group, the expression of kir6.1 and kir6.2 mRNA increased in 
2DG group (n = 6) (shown in figure c1 and c2). Compared with EP 
group, the expression of kir6.1 and kir6.2 mRNA decreased in SI 
group (n = 6). Compared with 2DG group, the expression of kir6.1 
and kir6.2 mRNA decreased in SI + 2DG group (n = 6). The Western 
blot results shown in figure d. Compared with EP group, the expres-
sion of kir6.1 and kir6.2 protein increased in 2DG group (shown in 
figure e1 and e2). Compared with EP group, the expression of kir6.1 
and kir6.2 protein decreased in SI group. Compared with 2DG group, 
the expression of kir6.1 and kir6.2 protein decreased in SI + 2DG 
group. #Represents compared with EP group, p < 0.05. *Represents 
compared with 2DG group, p < 0.05
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