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Abstract: Objective To observe the effects of Cannabinoid type 2 receptor (CB2R) on Aβ-induced hippocampal 
neuron. Methods Hippocampal neurons were pre-treated with 10 μM JWH133 and then treated 100 nM Aβ42 
oligomer for 7 day, the mRNA of Bcl-2 and Bax was measured by qRT-PCR, and the mitochondrial membrane 
potential and the production of ROS were measured by Flow Cytometry. Result Aβ42 oligomer significantly 
decreased the ratio of Bcl-2/Bax, and mitochondrial membrane potential, and increased the production of ROS. 
However, the pre-treatment JWH133 inhibited Aβ42-induced the ratio of Bcl-2/Bax decrease, and increased the 
mitochondrial membrane potential, decreased the production of ROS. Conclusion Activation of CB2R could inhibit 
the effects of Aβ42 on hippocampal neurons. 
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1.Introduction 
Alzheimer's disease (AD) is a common 
neurodegenerative disease in the elderly population, 
which seriously affects the middle-aged health, and 
there is a high incidence rate every year[1, 2]. The 
pathological features of AD are the large number of 
senile plaques in the brain and the formation of fiber 
tangles in neurons. Although the etiology and 
pathogenesis of AD have not yet been elucidated, many 
evidences indicated that amyloid β-protein (Aβ) 
toxicity, oxidative stress, neuroinflammation may 
result in damage of hippocampal neurons, which lead 
to the onset of AD[3, 4]. 
 
Aβ toxicity is one of the main toxic mechanisms of AD, 
Aβ42 aggregates outside the cell to form oligomers, 
which could cause excessive phosphorylation of Tau 
protein in neurons, and also could bind to membrane 
receptors leads to increased intracellular oxidative 
stress [5, 6]. At the same time, excessive accumulation 
of Aβ42 oligomers leads to abnormal activation and 
dysfunction of immune cells[7, 8], resulting in 
excessive production of various inflammatory factors, 
causing neuroinflammation[9, 10].The expression of 
Bcl-2 can protect neurons, and overexpression of Bcl-2 
can reduce the activity of caspase. But overexpression 
of Bax can inhibit the effect of bcl-2. 
 
Cannabinoid type 2 receptor (CB2R) is a G protein 
coupled receptor, which is also expressed on 
hippocampal neurons[11, 12]. Unlike Cannabinoid type 
1 receptor (CB1R), CB2R receptors are mainly 
expressed in the post-synaptic membrane. CB2R is 
mainly responsible for endogenous 

cannabinoid-mediated presynaptic inhibition. Under 
some pathological conditions, the expression of CB2R 
is up-regulated, which means that CB2R may play a 
role in these neurological diseases[13]. The activation 
of CB2R of primary hippocampal neurons has a certain 
protective effect on neuronal hypoxic damage [14], 
which indicated that CB2R activation on hippocampal 
neurons could play a neuroprotective role. Meanwhile, 
treatment with Aβ for CB2R knockout transgenic mice, 
the neuronal apoptosis was aggravated[15, 16]. So, 
could CB2R activation on hippocampal neurons inhibit 
Aβ-induced hippocampal neuronal effects? 
 
In the present study, we used Aβ42 oligomers to 
establish a model of primary hippocampal neuron 
apoptosis, and then pre-treated the neurons with CB2R 
selective agonist JWH133. Finally, we used qRT-PCR 
and Flow Cytometry to determine the effects of 
JWH133. 
 
2. Materials and methods 
2.1 primary hippocampal neuron culture and 
treatment 
Primary hippocampal neuronal medium 
490 mL of Neurobasal-A medium, 10 mL B27, 1 mL 
of cyan/streptomycin solution were mixed. 
 
Primary hippocampal neuron culture and treatment 
The culture dishes were treated with 100 μg/mL 
poly-D-lysine. Before the experiment, wash the culture 
dishes with double distilled water. Primary 
hippocampal neuron was obtained from newborn SD 
rats within 24 hours and suspended in a Neurobasal-A 
medium with B27, and then inoculated into a culture 
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dishes pre-plated with poly-D-lysine, and placed at 
37℃, 5% CO2 incubator. Incubated in the incubator 
for about 7 days, and the neurons were treated in 
groups when the cell density reached 80%, as follows: 
Control group: treated with Neurobasal-A with B27 for 
7 days; 
Aβ group: incubated with 100nM Aβ42 oligomers for 7 
days; 
Aβ+JWH133 group: incubated with 10μM JWH133 
and 100nM Aβ42 oligomers for 7 days; 
Aβ+JWH133+AM630 group: incubated with 10μM 
JWH133, 10μM AM630 (CB2R antagonist) and 
100nM Aβ42 oligomers for 7 days. 
 
2.1 Real time fluorescence quantitative polymerase 
chain reaction (qRT-PCR) 
Total RNA was isolated from the primary hippocampal 
neuron using the Trizol reagent. Follow Thermo's 
Reverse Transcription Kit, the illustrated procedure is 
reverse transcribed. Then the cDNA is amplified. 
Proceed as follows primer sequences: 
Bcl-2 
forward: 5'-TGTGGATGACTGACTACCTGAACC-3 
reverse: 5'-CAGCCAGGAGAAATCAAACAGAGG-3' 
Bax 
forward: 5'-CGGCGAATTGGAGATGAACTGG-3' 
reverse: 5'-CTAGCAAAGTAGAAGAGGGCAACC-3' 
GAPDH 
Forward: 5′-GGCACAGTCAAGGCTGAGAATG-3′ 
reverse: 5′-ATGGTGGTGAAGACGCCAGTA-3′ 
 
2.2 Flow Cytometry 
Detect changes in mitochondrial membrane potential 
(MMP): 
After treatment for 14d, remove the culture medium, 
add Rhodamine123 to each well. Incubated at 37 ℃ in 
the dark for 30 min. and washed in cold Hepes buffered 
saline (HBS) twice. The MMP of primary hippocampal 
neuron were analyzed using flow cytometry. 
 
Detect changes in reactive oxygen species (ROS): 
After treatment for 14d, remove the culture medium, 
add 2,7-Dichlorofluorescin diacetate to each well. 
Incubated at 37 ℃ in the dark for 30 min. and washed 
in cold Hepes buffered saline (HBS) twice. The 
production of ROS of primary hippocampal neuron 
were analyzed using flow cytometry. 
 
2.3 Statistical analysis 
Data are presented as mean ± SEM with number of 
samples (n). A probability level of p<0.05 was 
considered to be statistically significant. Significant 
differences were determined using the two-tailed 
Student’s t-test or one-way ANOVA as appropriate. 
 
3. Results 
3.1 CB2R agonist, JWH-133 against the 
Aβ42-induced reduction of Bcl-2/Bax ratio in 
hippocampal neuronal cultures 
We evaluate the roles of JWH133 in the Aβ42-induced 
alterations of Bcl-2/Bax ratios. qRT-PCR showed that 

the Bcl-2/Bax ratios in the group of control, compared 
to control group, the Bcl-2/Bax ratio decreased in the 
Aβ42 group (P<0.001); However, the Bcl-2/Bax ratio 
in the Aβ42 + JWH133 group was significantly higher 
than that in the Aβ42 alone group(P<0.01); The 
Bcl-2/Bax ratio in the Aβ42+ AM630 + JWH133 group 
was significantly lower than that in the Aβ42 + 
JWH133 group (P<0.05) (Fig1).  

 

Fig 1, JWH-133 against the Aβ42-induced decrease of 
Bcl-2/Bax ratio in hippocampal neuronal cultures. 
(A)Raw data shows the Western-blot results of 
Bcl-2/Bax ratio in control, Aβ42, Aβ42 + JWH133, and 
Aβ42 + AM630 + JWH133 groups. (B)Bar graph 
summarizes 4 groups of experiments, and showed that 
JWH133 prevented Aβ42-induced decrease of 
Bcl-2/Bax ratio, which could be abolished by AM630. 
 
3.2 CB2R agonist, JWH-133 against the 
Aβ42-induced reduction of Mitochondrial 
membrane potential in hippocampal neuronal 
cultures. 
Flow Cytometry is used to detect the change in 
mitochondrial membrane potential in the hippocampal 
neuron apoptosis model induced by Aβ42 and whether 
it could be suppressed by the JWH133 treatment. The 
results showed that compared with the control group, 
the mitochondrial membrane potential of the Aβ42 
group decreased significantly (P<0.01), and the 
Aβ42+JWH133 group mitochondrial membrane 
potential increased compared with the Aβ42 group 
(P<0.05). Compared with Aβ+JWH133 group, 
Aβ+AM630+JWH133 group had significantly lower 
mitochondrial membrane potential (P<0.01) (Fig 2). 
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Fig2. JWH133 inhibits Aβinduced mitochondrial 
membrane potential changes in hippocampal neurons 
(A) Representatives of the fluorometric assay on 
mitochondrial membrane potential of hippocampal 
neurons in four treatment groups. (B) Aβ42 treatment 
could decrease mitochondrial membrane potential of 
hippocampal neurons, which could be antagonized by 
JWH133. Data represents the mean±S.E.M of 3 
independent experiments (**P<0.01；*P<0.05; #P<0.05; 
^^P<0.01). 
 
3.3 CB2R agonist, JWH133 against the 
Aβ42-induced increase of ROS production in 
hippocampal cultures. 
We applied Flow Cytometry to detect the effect of 
JWH133 on the changes of reactive oxygen species 
(ROS) levels in hippocampal neurons injured by Aβ42. 
The results showed that Aβ42 chronically treated 
hippocampal neurons had significantly higher ROS 
production compared with the control group (P<0.01), 
Aβ+ JWH133 had lower ROS production than the Aβ 
group (P<0.05), and The production of ROS in Aβ+ 
AM630+JWH133 group decreased (P<0.05) (Fig 3).. 

 

 

Fig 3. JWH133 inhibits Aβ1-42 induced ROS changes 
in hippocampal neurons 
(A) Representatives of the fluorometric assay on ROS 
of hippocampal neurons in four treatment groups. (B) 

Statistical analysis of ROS. Aβ42 treatment could 
increase the production of ROS of hippocampal 
neurons, which could be antagonized by JWH133. Data 
represents the mean±S.E.M of 3 independent 
experiments(**P<0.01；*P<0.05；#P<0.05；^P<0.05). 
 
4. Discussion 
The major and new finding of this study is that the 
activation of hippocampal CB2Rs could inhibit 
Aβ42-induced decrease of Bcl-2/Bax ratio and the 
mitochondrial membrane potential, and could inhibited 
the increased of ROS production in hippocampal 
neurons. Bcl-2 can inhibit the occurrence of apoptosis 
by inhibiting the release of cytochrome c[17, 18]. Bax 
inhibits its protective effect by binding to Bcl2[19]. 
 
Aβ42 oligomers play a very important role in neuronal 
degeneration and AD[20, 21], but the mechanisms are 
still unclear. Therefore, understanding of such 
mechanisms are still to help improve AD treatment. 
Our results showed that Aβ42 could decreased the ratio 
of Bcl-2/Bax, the mitochondrial membrane potential, 
and increased the production of ROS.  
 
CB2R is a G protein-coupled receptor that was found 
in 1993[22]. More and more scholars have proved that 
CB2R is also expressed in neurons. CB2R show 
neuroprotective effects in the pathogenesis of AD. For 
example, on the glial cells around the senile plaques, 
the increased expression of CB2R of glial cells is 
related to the level of Aβ42 and its deposition[23]. 
Increased expression and activation of CB2R enhances 
the ability of macrophages to clear Aβ42[24]. 
 
The reduction of mitochondrial membrane potential 
promotes the cell to enter the irreversible apoptosis 
process[25], mainly because the reduction of 
mitochondrial membrane potential causes the release of 
cytochrome C into the cytosol, thereby activating the 
cascade reaction of apoptosis effector Caspase[26]. At 
the same time, the decrease in mitochondrial membrane 
potential also leads to an increase in the production of 
ROS[27]. Our results showed that after pre-treatment 
with CB2R agonist JWH133, Aβ42-induced the 
decrease of the ratio of Bcl-2/Bax was inhibited, and 
activated CB2R increased mitochondrial membrane 
potential and decreased the production of ROS. This 
effect of JWH133 can be inhibited by CB2R antagonist 
AM630. 
 
Toxicity of Aβ42 is closely related to AD, so activation 
of CB2R can inhibit Aβ42-induced pathological 
changes in neurons. However, the underlying 
mechanisms of the effect of CB2R on Aβ42 -induced 
neurotoxicity should be further studied in the future.  
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