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Abstract. Neuronal loss and gliosis are the major pathological 
changes after status epilepticus (SE). The authors' previous 
study revealed the time‑dependent changes of cannabinoid 
receptor type 2 (CB2R) in hippocampal neurons of developing 
rats after SE, which were accompanied by a decrease in the 
number of neurons. Meanwhile, growing evidence indicates 
that CB2R stimulation exerts anti‑convulsant properties in 
seizure models. However, the activation of CB2R in neuronal 
repair in response to the damage after SE is still unclear. In 
this experiment, a highly‑selective CB2R agonist JWH133 and 
antagonist AM630 were administered to determine the activity 
of CB2R in neuronal autophagy and apoptosis of the post‑SE 
repair in developing rats. The present results revealed that 
activation of CB2R by JWH133, not only obviously lowered 
the success rate, 24‑h death rate and the Racine stage in the 
model, but also extended the latency period to SE. In addition, 
compared with the vehicle control group, CB2R activation 
increased neuronal autophagy and the expression of phosphor-
ylated‑mammalian target of rapamycin (p‑mTOR)/mTOR, 
Beclin‑1, and LC3II/LC3I while decreasing the expression of 
p‑Unc‑51‑like autophagy‑activating kinase 1 (ULK‑1)/ULK1, 
p62, and cleaved caspase‑3. These results were dose‑depen-
dent and were especially evident in the high‑dose group, and 
interestingly the opposite results were obtained in the AM630 
group. Thus, CB2R orchestrates neuronal autophagy through 
regulation of the mTOR signaling pathway in the hippocampus 
of developing rats with SE. These findings might provide an 
important basis for further investigation of the therapeutic role 
of CB2R in ameliorating epilepsy‑related neuronal damage.

Introduction

Epilepsy is the term used to describe a common neurological 
disorder characterized by long‑term, recurrent epileptic 
seizures that is accompanied by various neurobiological, cogni-
tive, psychological and social consequences (1). Temporal lobe 
epilepsy (TLE) is one of the most common forms of partial 
epilepsy and its animal model can be divided into acute, silent, 
and chronic phases (2). Abundant alterations can be observed 
in the hippocampus during the acute and silent period after 
status epilepticus (SE), such as neuronal loss and degeneration, 
gliosis, mossy fiber sprouting, scattering of dentate granule 
cells, and synaptic modifications in the dentate gyrus, all 
of which contribute to the epileptogenic process (3,4). The 
accumulated evidence shows that neuronal cell death in the 
hippocampus is the most important factor in initiating and 
precipitating the development of epileptic disorders (5‑7). In 
addition, previously discovered datum also provided novel 
insight into two mechanisms in connection with cell survival 
and death, autophagy and apoptosis, and their function in 
regulating neuronal fate (8‑10).

Autophagy plays a vital role in various aspects of cell 
homeostasis, such as cell survival, cell death, cell metabolism, 
development, neuroprotection and even neurodegeneration (11). 
Mammalian target of rapamycin (mTOR) is a central regulator 
of autophagy that strategically influences synaptic plasticity at 
pre‑ and postsynaptic sites by regulating the balance between 
protein synthesis and degradation (12‑15). Activation of mTOR 
can inactivate assembly of Unc‑51‑like autophagy‑activating 
kinase 1 (ULK‑1) at S757 and in turn prevent phosphorylation 
and activation of Beclin‑1 at S14 to halt autophagy (16,17). 
Beclin‑1 promotes autophagosome nucleation, through the 
generation of PI3P in complex with a class III phosphatidylino-
sitol 3 kinase. Autophagosome maturation and the lipidation of 
LC3‑II to the autophagosome membrane is completed by two 
ubiquitin‑like conjugation systems [ATG5‑ATG12‑ATG16L 
and (ATG8) LC3]  (18,19). The limiting autophagosome 
membrane elongates to recognize and encapsulate degradation 
substrates via p62 protein (20). Several findings have implied 
the participation of autophagy in progressive central nervous 
system (CNS) diseases such as Parkinson's, Huntington's 
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and Alzheimer's disease  (21,22), amyotrophic lateral scle-
rosis (23,24) and global ischemia (25). Furthermore, in the 
chronic phase of pilocarpine‑induced seizures, cannabidiol 
post‑treatment alleviates rat epileptic‑related behaviors 
and activates the hippocampal cell autophagy pathway and 
antioxidant defense mechanisms  (26). However, detailed 
understanding of the role played by autophagy in epilepsy is 
lacking.

The endogenous endocannabinoids and their recep-
tors are important regulators of neuronal activity (27,28). 
Cannabinoid receptor type 1 (CB1R), which is abundantly 
expressed throughout the CNS (29), has been a research 
focus for numerous years. In contrast, cannabinoid receptor 
type 2 (CB2R) is mainly distributed in immune organs 
and cells, including the spleen, lymphocytes and even 
neutrophil granulocytes (30,31), and plays important roles 
in regulating immune function. Previous studies have paid 
much less attention to the role of CB2R in epilepsy, mainly 
because of its limited CNS expression. However, research 
has suggested that CB2R is expressed in the brain (32‑34), 
raising the possibility that it could also play a direct role 
in mediating CNS function. Growing evidence shows that 
CB2R stimulation exerts anti‑convulsant properties in 
seizure models. Previous studies suggested that activation 
of CB2Rs may regulate neuronal excitability in the hippo-
campus and increase excitatory synaptic transmission (35), 
trigger cell type‑specific hippocampal pyramidal cell 
hyperpolarization (36), and suppress epileptic seizures (37). 
The author's previous study revealed the expression of 
CB2R in hippocampal neurons of developing rats and its 
time‑dependent changes after SE, which are accompanied 
by a fall in the number of neurons (38). However, the activa-
tion of CB2R on neuronal repair in response to the damage 
after SE is still unclear. The present study hypothesized that 
the anti‑convulsant effects of CB2R during the neuronal 
damage‑repair process may be contributing to induction 
of autophagy. In this experiment, a highly selective CB2R 
agonist JWH133 and antagonist AM630 was administered 
to verify the present hypothesis.

Materials and methods

Animal models. A total of 42 rats healthy male Sprague‑Dawley 
rats (from the Medical Animal Center, Shengjing Hospital 
of China Medical University), 3 weeks of age and weighing 
45.0‑56.5 g, were used in this study. The rats were provided 
with ad libitum access to food and purified water and were 
maintained under controlled temperature, humidity, and 
lighting conditions (20‑25˚C, 50‑60% humidity, 12‑h light/
dark cycle). The China Medical University Institutional 
Animal Care and Use Committee (no. 2016PS260K) approved 
all procedures.

A commonly used SE model was used, as previously 
reported by the authors' lab (38,39). Male rats 3‑weeks old 
weighing 45.0‑56.5 g were used. A total of 42 rats were 
randomly divided into 7 groups (n=6 per group): Control 
group and 2 h, 1, 3, 7, 14 and 21 d groups. Furthermore, 
30 male rats were randomly divided into 5 groups (n=6 
per group) according to pre‑treatment: SE group, Vehicle 
group, JWH133 1 µg/side group, JWH133 3 µg/side group 

and JWH133+AM630 group. Rats were treated with lithium 
chloride (3  mEq/kg, intraperitoneal; Sigma‑Aldrich; 
Merck KGaA) 16‑18 h prior to the injection of pilocarpine 
and then methylscopolamine (1  mg/kg, intraperitoneal; 
Sigma‑Aldrich; Merck KGaA) 30 min prior to injection of 
pilocarpine for reducing the peripheral cholinergic effects. 
Experimental animals were then injected intraperitoneally 
(i.p.) with a single dose of 30 mg/kg of pilocarpine in order 
to induce SE. Control rats were administered a comparable 
volume of vehicle after the initial methylscopolamine treat-
ment. Behavioral observation after pilocarpine injection was 
performed and pilocarpine‑induced seizures were evaluated 
according to the Racine scale (40). Seizure intensity was that 
stage 1 (facial clonus with scratching, chewing and grooming), 
stage 2 (head nodding, tail wagging and chirping), stage 3 
(forelimb clonus, wet dog shakes, standing tonus, and occa-
sional loss of posture), stage 4 (forelimb clonus with rearing 
without falling), and stage 5 (four limb clonus with rearing 
and falling or jumping). SE was defined by continuous 
seizure activity for at least 30 min without full recovery 
between seizures when rats experienced continuous Stage 
4 or 5 seizures. Then the rats were injected (i.p.) with 3% 
sodium pentobarbital (30 mg/kg) for anesthetization. After 
decapitation, each brain specimen was equally divided into 
two blocks. One block was used for morphological research 
and the other was used for molecular biological studies.

Pharmacological treatment. The CB2R agonist JWH133 
(Ki=3.4 nM for CB2R; Tocris Bioscience) and the CB2R 
antagonist AM630 (Ki=31.2  nM for CB2R; Tocris 
Bioscience) were dissolved in 20% dimethyl sulfoxide 
(in normal saline). Subjects randomly received one intra-
cerebroventricular injection dose of JWH133 (1 or 3 µg in 
1 µl/side), AM630 (3 µg in 1 µl/side), a mixed solution of 
AM630 (3 µg in 1 µl/side) and JWH133 (3 µg in 1 µl/side), or 
vehicle (1 µl/side) 60 min before pilocarpine hydrochloride 
injection. In the present study, the SE group was used as 
the control group and injected with comparable volume of 
vehicle. All rats were administered lithium chloride‑pilo-
carpine to induce SE. At 1 day after SE, six animals of each 
group were sacrificed.

Epileptic symptom observations after intracerebroventricular 
injection of CB2R agonist/antagonist in the lithium‑pilocar‑
pine SE model. After pilocarpine injection, the latency period 
to SE, Racine stage, success rate of the model and 24‑h death 
rate after SE were examined to evaluate the potential of CB2R 
to remit seizure onset. The epileptic symptoms of each rat were 
observed and rated from 0 to 5 according to the Racine scale.

Immunof luorescence. For double‑labelled immuno-
fluorescence, 4‑µm brain sections were deparaffinized in 
xylene, hydrated with a graded alcohol series, blocked with 
5% non‑immune fetal bovine serum (CAS: 9048‑46‑8; 
Sigma‑Aldrich; Merck KGaA) in PBST (0.5% Tween‑20 in 
PBS) at 37˚C for 2 h and incubated with primary antibodies 
overnight at 4˚C with rabbit anti‑CB2R antibody (1:100; cat. 
no. ab3561; Abcam), rabbit anti‑mTOR antibody (1:200; cat. 
no. 20657‑1‑AP; Proteintech, Inc.), rabbit anti‑LC3B antibody 
(1:400; cat. no. 2775; Cell Signaling Technology, Inc.), and 



INTERNATIONAL JOURNAL OF MOlecular medicine  45:  475-484,  2020 477

mouse anti‑NeuN antibody (1:800; cat. no. MAB377; EMD 
Millipore). Afterward, an Alexa Fluor 594‑conjugated donkey 
anti‑rabbit IgG (1:200; cat. no.  ab150076; Abcam) and an 
Alexa Fluor 488‑conjugated donkey anti‑mouse IgG (1:200; 
cat. no. ab150105; Abcam) was used as secondary antibodies 
conjugated with CB2R and NeuN, mTOR and NeuN, or LC3B 
and NeuN. After washing with PBS three times, the sections 
were covered with the VECTASHIELD Mounting Medium 
glasses. For the evaluation of CB2R+/NeuN+ cells, mTOR+/
NeuN+ cells and LC3+/NeuN+ cells, 10 microscope fields of 
the CA1, CA3, and DG regions were randomly selected under 
x200 magnification by fluorescence light microscopy (Nikon 
Eclipse 80i; Nikon Corporation).

TdT‑mediated dUTP nick end labeling assay. As previ-
ously described (36), TdT‑mediated dUTP nick end labeling 
(TUNEL) assay was performed for identifying neuronal 
death numbers. The assay was performed according to the 
manufacturer's protocol. TUNEL‑positive cells were those 
with blue‑green nuclear staining. For the evaluation of 
TUNEL‑positive cells, 10 microscope fields of the CA1, CA3 
and DG regions were randomly captured under x200 magni-
fication by fluorescence light microscopy (Nikon Eclipse 80i) 
and the results were calculated as the means.

Protein extraction and western blotting assay. Protein 
preparation was performed as previously described  (36). 
Hippocampal samples were homogenized with a sonicator 
in double‑distilled water containing protease inhibitors and 
centrifuged at 14,000 x g for 15 min at 4˚C, and the super-
natant was collected. Protein concentrations were measured 
with the DC Protein Assay (Bio‑Rad Laboratories, Inc.). 
Sample proteins (40 µg) were denatured by heating at 90˚C 
for 5 min and were size‑fractionated by means of Bis‑Tris 10% 
SDS‑PAGE (Beyotime Institute of Biotechnology). Samples 
were then transferred to polyvinylidene fluoride (PVDF) 
membranes (EMD Millipore) and were blocked with 5% 
fat‑free milk for 2 h at room temperature. The membranes 
were incubated overnight at 4˚C with the following primary 
antibodies: Rabbit anti‑mTOR polyclonal antibody (1:1,000; 
cat. no. 20657‑1‑AP; Proteintech, Inc.), rabbit anti‑p‑mTOR 
monoclonal antibody (1:1,000; cat. no. 5536; Cell Signaling 
Technology, Inc.), rabbit anti‑ULK1 polyclonal antibody 
(1:1,000; 20986‑1‑AP; Proteintech, Inc.), rabbit anti‑p‑ULK1 
monoclonal antibody (1:1,000; cat. no. 14202; Cell Signaling 
Technology, Inc.), rabbit anti‑Beclin‑1 polyclonal antibody 
(1:1,000; cat. no.  11306‑1‑AP; Proteintech, Inc.), rabbit 
anti‑p62 polyclonal antibody (1:1,000; cat. no. 18420‑1‑AP; 
Proteintech, Inc.), rabbit anti‑LC3B monoclonal antibody 
(1:1,000; cat. no.  2775; Cell Signaling Technology, Inc.), 
and rabbit anti‑GAPDH polyclonal antibody (1:5,000; cat. 
no. 10494‑1‑AP; Proteintech, Inc.). The following day, the 
membranes were washed and then incubated at room tempera-
ture for 2  h with the horseradish peroxidase conjugated 
goat anti‑rabbit IgG antibody (1:5,000; cat. no. SA00001‑2; 
Proteintech, Inc.). The membrane images were collected and 
analyzed with the Infrared Odyssey Imaging System. GAPDH 
was used as a control. Densitometric analysis of the bands was 
semiquantitatively performed using GEL‑PRO 4.0 software 
(Media Cybernetics, Inc.).

Statistical analysis. All experiments were performed at 
least in triplicate. Data are reported as the mean ± standard 
deviation and were analyzed using SPSS 18.0 for Windows 
(IBM, Corps). Multiple group comparisons were performed by 
one‑way analysis of variance, followed by the LSD post hoc 
multiple comparison test. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Spatiotemporal expression changes in CB2R, mTOR and LC3 
in hippocampal neurons after SE. To determine the localiza-
tion of neuronal CB2R, LC3B and mTOR and their expression 
changes in the hippocampus under normal conditions and after 
SE, double‑label immunofluorescence and western blotting 
essays were performed. CB2R‑, LC3B‑ and mTOR‑positive 
neurons could be detected under normal conditions and after 
SE in the CA1, CA3, and DG regions of the hippocampus. 
CB2R and mTOR were mainly localized to the cytomembrane 
in neurons, with some occurring in the cytoplasm (Fig. 1A‑C). 
In addition, the mTOR protein expression in all three regions 
was decreased at 2 h and 1 and 3 days after SE compared with 
the control group, whereas the expression levels of CB2R and 
LC3B were increased (Fig. 1D). Interestingly, the clearest 
differences in mTOR, CB2R and LC3B expression emerged 
1 day after SE (Fig. 1D). Therefore, subsequent intervention 
experiments were all conducted 1 day after SE.

Effects of CB2R on epileptic symptoms after SE. The behavior 
of seizure activity was recorded following lithium‑pilocarpine 
treatment. The rats began to exhibit definite SE behavior 
within 15‑33 min after pilocarpine intraperitoneal injection. 
Significant differences could be observed in the success rate 
of the SE model between the vehicle group, JWH133 low‑dose 
group and JWH133 high‑dose group (Fig. 2A). Rats injected 
with low‑ or high‑dose JWH133 showed a lower mortality 
rate compared with the vehicle group (Fig. 2B). The time 
between pilocarpine injection and seizures reaching Racine 
stage 4 or 5 was defined as the latency period. The latency 
periods of the JWH133 low‑dose and high‑dose groups 
were dose‑dependently longer than that of the vehicle group 
(Fig.  2C). Rats injected with low‑ or high‑dose JWH133 
showed a significantly lower Racine stage compared with the 
vehicle group (Fig. 2D). Rats injected with low‑ or high‑dose 
JWH133 showed alleviated epileptic symptoms compared 
with rats injected with vehicle or JWH‑133+AM630. In addi-
tion, no significant difference could be observed in the success 
rate of the SE model, 24‑h death rate, latency period and 
Racine stage between the SE and vehicle groups (Fig. 2). In 
each pilocarpine‑treated group, rats with a Racine stage higher 
than 3 were included in the next two parts of the present study.

Hippocampal neuron apoptosis after SE. A TUNEL assay 
was performed to observe neuronal apoptosis in the hippo-
campus in each treatment group (Fig.  3A). The present 
study counted TUNEL‑positive cell numbers in the CA1, 
CA3 and DG regions after SE. There were TUNEL‑positive 
cells in all groups 1 day after SE and there was no signifi-
cant difference in the average numbers of TUNEL‑positive 
cells between the SE group and the vehicle group (P>0.05; 
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Fig. 3B‑D). However, the number of apoptotic neurons was 
seriously decreased by pretreatment with JWH133 at 1 day 
after SE. As shown in Fig. 3B‑D, the numbers of apoptotic 
neurons were significantly and dose‑dependently decreased 
in all three regions of the post‑SE hippocampus in the 
JWH133‑treated groups compared with the vehicle group 
1 day after SE, whereas the numbers of apoptotic cells were 

increased again in the JWH133+AM630 group at 1 day 
after SE. 

Effects of CB2R on the expression of autophagy‑related 
proteins in the hippocampus after SE. According to the 
authors' preliminary experiment (Fig. S1), JWH133 1 µg in 
1 µl/side and JWH133 3 µg in 1 µl/side were selected as the 

Figure 1. Spatiotemporal expression changes in CB2R, mTOR and LC3 in hippocampal neurons after status epilepticus. [(A) CA1, (B) CA3 and (C) DG 
regions)] Alexa Fluor 594‑labeled CB2R+, LC3B+ and mTOR+ cells in the hippocampal CA1, CA3, and DG regions (red). Alexa Fluor 488‑labeled neuronal 
nuclear antigen NeuN (green). DAPI‑labeled nucleus (blue). Images of NeuN marker with CB2R, LC3B and mTOR colocalization (yellow) were digitally 
merged within the CA1, CA3, and DG regions. (D) Western blot analysis of CB2R, LC3B, mTOR and GAPDH protein from hippocampal specimens. Data are 
presented as the mean ± standard deviation. *P<0.05 and **P<0.01 vs. the control group, n=6 rats per group; #P<0.05 vs. the previous group, n=6 rats per group). 
mTOR, mammalian target of rapamycin; CB2R, cannabinoid receptor type 2.
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JWH133 low‑dose and high‑dose groups, respectively. The 
expression of autophagy‑related proteins in the hippocampus 
after SE could be tested in all specimens of each group by 
western blotting. The levels of p‑mTOR/mTOR, p‑ULK1/
ULK1, Beclin‑1, LC3II/LC3I and p62 expression were 
compared among all groups 1 day after SE (Fig. 4). Compared 
with the vehicle group, western blotting showed significant 
and dose‑dependent decreases in p‑ULK1/ULK1 and p62 
expression in the JWH133 low‑dose and high‑dose groups at 
1 day after SE (P<0.05; Fig. 4) and dose‑dependent increases 
in p‑mTOR/mTOR, Beclin‑1, and LC3II/LC3I expression in 
the JWH133 low‑dose and high‑dose groups 1 day after SE 
(P<0.05; Fig. 4). In the JWH133+AM630 group, the results 
clearly indicated no significant difference in the expression 
of p‑mTOR/mTOR, p‑ULK1/ULK1, Beclin‑1, LC3II/LC3I 
and p62 compared with the vehicle group (P>0.05; Fig. 4). 
Compared with the JWH133 high‑dose group, western blot-
ting showed significant increases in p‑ULK1/ULK1 and p62 
expression in the JWH133+AM630 group 1  day after SE 

(P<0.05; Fig. 4) and decreases in p‑mTOR/mTOR, Beclin‑1, 
and LC3II/LC3I expression in the JWH133+AM630 group 
1 day after SE (P<0.05; Fig. 4).

Effects of CB2R on the expression of apoptosis‑related 
proteins in the hippocampus after SE. Paralleling the changes 
in neuronal cell fate determined using a TUNEL assay, the 
apoptotic process was also altered in the post‑SE rat hippo-
campus. Briefly, the expression of the apoptosis‑related protein 
cleaved caspase‑3 could be detected in all specimens of each 
group by western blotting. The levels of cleaved caspase‑3 
were examined in all groups at 1 day after SE. There was no 
significant difference in the expression of cleaved caspase‑3 
between the SE and vehicle groups (P>0.05; Fig. 4). However, 
the upregulation of cleaved caspase‑3 protein was signifi-
cantly and dose‑dependently inhibited in the JWH133‑treated 
group; the reduction in its expression was more marked in the 
JWH133 high‑dose group at 1 day after SE (P<0.05; Fig. 4). In 
the JWH133+AM630 group, the results clearly indicated no 

Figure 2. Protective effects of CB2R in the status epilepticus model in vivo. (A) Activation of CB2R dose‑dependently decreased the success rate of the 
model. (B) Activation of CB2R decreased the 24‑h death rate after pilocarpine injection. (C) Activation of CB2R dose‑dependently increased the latency 
period. (D) Activation of CB2R dose‑dependently decreased the Racine stage. The opposite effects were observed in the CB2R inhibition group administered 
AM630. Data are presented as the mean ± standard deviation. *P<0.05 and **P<0.01 vs. the control group, (n=6 rats per group); #P<0.05 and ##P<0.01 between 
comparison groups, (n=6 rats per group). CB2R, cannabinoid receptor type 2.
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significant difference in the expression of cleaved caspase‑3 
compared with the vehicle group (P>0.05; Fig. 4). Compared 
with the JWH133 high‑dose group, western blotting showed 
significant increases in cleaved caspase‑3 expression in the 
JWH133+AM630 group at 1 day after SE (P<0.05; Fig. 4).

Discussion

Epilepsy as the most common neurological disorder is 
characterized by the clinical manifestation of ‘abnormal 
excessive or synchronous neuronal activity in the brain’ (1). 
Although the pathogenesis of epilepsy remains unclear, it is 

generally acknowledged that persistent seizures can directly 
kill neurons. In addition, a number of studies in previous 
years has hinted that autophagy and apoptosis contribute 
to the neuronal damage process through the modulation 
of Beclin family members and their cascades  (41,42). 
Consistently, the neuronal damage induced by kainate can 
be worsened by autophagy blockers while being prevented 
by autophagy inducers (43,44). In detail, mTOR is activated 
both acutely and chronically after Kainic acid‑induced SE, 
which is prominent in the hippocampus and other cortical 
areas (45). An early observation from 7 years ago showed an 
increase in the autophagy markers LC3‑II, p‑mTOR/mTOR 

Figure 3. TUNEL staining in the rat hippocampus. (A) TUNEL‑positive cells in the different treatment groups and regions are shown. The numbers of 
TUNEL‑positive cells calculated in the (B) CA1, (C) CA3 and (D) DG regions after standard error, respectively. Data are presented as the mean ± standard 
deviation. **P<0.01 vs. the control group, (n=6 rats per group); ##P<0.01 vs. comparison groups, (n=6 rats per group). TUNEL, TdT‑mediated dUTP nick end 
labeling.
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Figure 4. Western blotting was used to simultaneously determine the expression of p‑mTOR/mTOR, p‑ULK1/ULK1, Beclin‑1, p62, LC3II/LC3I and caspase‑3 
at 1 day post‑SE. (A) Immunoblotting results of mTOR, p‑mTOR, ULK1, p‑ULK1, Beclin‑1, p62, LC3II/LC3I and caspase‑3 expression at 1 day post‑SE. 
(B) Western blot analysis of p‑mTOR/mTOR, p‑ULK1/ULK1, Beclin‑1, p62, LC3II/LC3I and caspase‑3 expression at 1 day post‑SE. Data are presented as the 
mean ± standard deviation. *P<0.05 vs. the SE group, (n=6 rats per group), #P<0.05 between comparison groups, (n=6 rats per group). SE, status epilepticus; 
p‑mTOR, phosphorylated‑mammalian target of rapamycin.
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ratio and p‑protein kinase B (Akt)/Akt ratio after kainate 
administration to mice (46). A total of 2 years later, a sudden 
increase in autophagy markers (LC3II/LC3I and Beclin‑1) 
was also found after pilocarpine administration to rats (47). 
In this study, it was found that the tendency for a decrease in 
mTOR expression and an increase in CB2R and LC3 expres-
sion was clearest in all three regions at 1 day (the early stage 
of neuronal repair and damage) after SE. Interestingly, it was 
hinted that CB2R may participate in the autophagy process 
and the expression level of CB2R may be related to the extent 
of the damage in hippocampal neurons.

Several studies revealed that CB2R exerts neuroprotective 
effects on alcohol addiction (48), depression (49), cerebral 
ischemia  (50) and Alzheimer's disease  (51). The endocan-
nabinoid system also participates in the epileptiform activity 
in the hippocampus (52‑54). Cannabinoid and nitric oxide 
signaling can interplay in the modulation of hippocampal 
hyperexcitability in the temporal lobe epilepsy model of 
rats (55). Carletti et al (56) also found that neuronal nitric oxide 
synthase is involved in CB/TRPV1 signaling for controlling 
hippocampal hyperexcitability. Furthermore, a mixed CB1/2 
agonist WIN 55,212‑2 exerts anti‑convulsant effects in acute 
hypoxia‑induced seizures or tonic‑clonic seizures evoked by 
pentylenetetrazole, while a CB2R antagonist AM630 increases 
pentylenetetrazol‑induced seizure severity in a rat model (57). 
However, Rizzo et al (58) argued that CB2R antagonist AM630 
seems to cooperate with WIN 55,212‑2 and lowered neuronal 
hyperexcitability by targeting nitrergic‑dependent cGMP 
pathway. Additionally, Tchekalarova et al  (59) discovered 
that CB2R stimulation by β‑caryophyllene could restrain the 
spread of seizures. Single administration of JWH133 before 
30 min of pilocarpine treatment postpones the initiation of SE 
and significantly reduces the frequency of various epileptic 
behaviors according to the Racine scale (40). The decrease 
in epilepsy‑related scores is in line with the dose‑dependent 
increase in the levels of autophagy‑related proteins in the 
hippocampus of epileptic rats after single administration of 
JWH133. Because elevation of autophagy‑related proteins is 
related to neural plasticity (60), and epileptic behavior also is 
related to neural plasticity, autophagy by this mechanism may 
affect epilepsy‑related behaviors. Thus, CB2R may take part 
in the early stage of pilocarpine‑induced SE.

The present results have shown an alteration in the 
expression of p‑mTOR/mTOR, p‑ULK1/ULK1, Beclin‑1, 
LC3II/LC3I and p62 proteins for autophagy and caspase‑3 
proteins for apoptosis in CA1, CA3, and DG regions of the 
rat hippocampus after SE. In short, the expression levels of 
the autophagy‑related proteins p‑mTOR/mTOR, Beclin‑1 
and LC3II/LC3I were dose‑dependently increased in the 
rat hippocampus 1 day after SE especially in the JWH133 
high‑dose group. At the same time, the expression levels of 
the autophagy proteins p‑ULK1/ULK1 and p62 were down-
regulated. The results were reversed by pretreament with the 
CB2R antagonist, AM630. A dose‑dependent decrease in the 
number of apoptotic neurons and the expression of the apop-
tosis protein cleaved caspase‑3 was evident at 1 day after 
SE in the JWH133 treated group, and was further decreased 
in the group receiving the highest dose of JWH133. In the 
present study, intracerebroventricular injections (JWH133, 1 
or 3 µg in 1 µl/side; AM630, 3 µg in 1 µl/side) was used and 

an AM630 alone group was not used. There are two reasons 
why the groups that were used were chosen. One reason is 
that some conclusions are obtained according to the refer-
ences. Bilateral microinjections of JWH133 (1 or 3 µg in 1 µl/
side) into the ventral tegmental area significantly reduced 
cocaine self‑administration in WT mice and this effect 
was blocked by coadministration of AM630 and JWH133, 
whereas microinjections of AM630 alone had no effect on 
cocaine self‑administration (61). Administration of AM630 
alone exerts no effects on hippocampal hyperexcitability 
in the maximal dentate activation model of hippocampal 
epilepsy  (58). The other reason is that this paper mainly 
focuses on the effect of CB2R agonist JWH133 on neuronal 
autophagy in the early stage of neuronal damage and repair 
after SE, to find a new target for epilepsy treatment. CB2R 
antagonist AM630 is only used to antagonize the effect of the 
agonist JWH133. In summary, the results from the present 
study clearly demonstrated that CB2R significantly reduced 
neuronal damage in the rat hippocampus after SE through 
the induction of autophagy and inhibition of apoptosis. 
Furthermore, the results from this study also suggest that the 
CB2R could be promising for use in the treatment of epilepsy.

Autophagy can exert both harmful and beneficial effects 
in different situations (62‑65). The present results suggests 
that the increase in autophagy signaling induced by SE or 
seizure attacks has a protective role in hippocampal neurons, 
while apoptosis signaling seems to lead to neuronal death in 
the hippocampus after SE. Furthermore, the current study 
hints that apoptosis can be considered an outcome following 
autophagy failure, because these two mechanisms cooperate 
to influence hippocampal neuronal fate after SE. In other 
words, autophagy acts as a self‑protection mechanism to keep 
neuronal dynamic equilibrium at early stages (about 24 h) 
post‑SE, however, apoptosis is activated to ameliorate neuron 
death when hippocampal neuronal autophagy is insufficient. 
The autophagy and apoptosis mechanism participating in 
hippocampal neuronal damage after SE is still unclear. The 
present results only reveal that CB2R may be involved in 
neuronal damage and CB2R stimulation may protect hippo-
campal neurons by modulating autophagy and apoptosis.

Of course, the paper has a limit in terms of scope. The 
mTOR plays multiple roles in neuronal and non‑neuronal 
cells development, neuronal plasticity, as well as in the 
expression of different neuronal molecules involved in cell 
excitability. These effects may not be directly dependent on 
autophagy (66). Thus, attribution of mTOR‑related epilepsy to 
autophagy impairment could remain a mere speculation, if not 
supported by the analyses on the other molecular target impli-
cated in autophagy such as LC3 and ULK1 as was inserted in 
the present study (67). Regarding this point, the ‘ATG7 KO’ 
strain of mice which possess a normal mTOR signaling but 
disrupted autophagy activity is being considered for use in the 
present study (68) and the relevant experiments have already 
been started.

In summary, the present study indicated that CB2R orches-
trates neuronal autophagy through regulation of the mTOR 
signaling pathway in the hippocampus of developing rats with 
SE. These novel findings might provide an important basis for 
further investigation of the therapeutic role of CB2R in the 
treatment or prevention of epilepsy‑related neuronal damage.
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