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	 Background:	 Sinomenine (SIN) is an extract of the Chinese medicinal herb Sinomenium acutum; it has various pharmacological 
properties, including immunosuppression and anti-inflammation. The present study aimed to investigate whether 
SIN has an anti-depressant-like effect in a mouse model of depression induced by chronic unpredictable mild 
stress (CUMS), and to explore the underlying molecular mechanisms.

	 Material/Methods:	 A mouse model of depression was established and treated with different concentrations of SIN (30, 100, or 
300 mg/kg). Then, behavioral tests, including sucrose preference test (SPT), forced swimming test (FST), and 
the tail suspension test (TST), were performed. The levels of norepinephrine (NE), 5-hydroxytryptamine (5-HT), 
and proinflammatory cytokines (interleukin-1b [IL-1b] interleukin-6 [IL-6], and tumor necrosis factor-a [TNF-a]) 
in the hippocampus of mice were detected by ELISA assay. The levels of p-p38, p-p65, NLRP3, ASC, and cas-
pase-1 were measured by Western blot or/and qRT-PCR.

	 Results:	 The results showed that SIN significantly relieved CUMSinduced depressive-like behaviors. Compared with 
the model mice, SIN treatment significantly increased the sucrose preference of the mice, and the immobility 
time in the forced swimming and the tail suspension test were shortened. In addition, SIN decreased CUMS-
induced reduction in the concentrations of NE and 5-HT in the hippocampus of mice. SIN reduced CUMS-
induced increases in the levels of IL-1b, IL-6, and TNF-a in the hippocampus of mice. Furthermore, activation 
of the p38MAPK-NF-kB pathway and the nucleotide binding and oligomerization domain-like receptor family 
pyrin domain-containing 3 (NLRP3) inflammasome induced by CUMS were inhibited by SIN treatment.

	 Conclusions:	 In conclusion, our results indicate the antidepressantlike effects of SIN on chronic unpredictable mild stress-
induced depression in a mouse model.
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Background

Depression is a complex affective disorder. Its main clinical fea-
tures are marked and persistent depression, diminished mobility, 
and delayed thinking and cognitive function. The latest WHO 
statistics show a global prevalence of about 11% and predict 
that depression will be the second-leading medical disorder in 
the world by 2020 [1]. Depression impairs health and quality of 
life. It imposes a heavy burden on families, society, and govern-
ment, which has seriously affected social and economic develop-
ment. It has also become a serious social and medical problem.

The classic monoamine neurotransmitter hypothesis sug-
gests that the occurrence of depression is mainly related to 
the reduction of 5-hydroxytryptamine (5-HT), dopamine (DA), 
norepinephrine (NE), and adrenaline (A) in the central nervous 
system, and most antidepressant drugs are developed based 
on this theory. The efficacy of these drugs is generally only 60% 
to 70%, they are associated with many adverse effects, and the 
clinical application is subject to certain restrictions [2]. Therefore, 
actively searching for drugs with special effects, low toxicity, 
and ability to easily pass through the blood-brain barrier for the 
treatment of depression has become an urgent task worldwide.

At present, developing innovative medicines is an urgent task 
for our country (China). Looking for antidepressant active in-
gredients in traditional Chinese medicines is an effective ap-
proach and has the advantage of developing antidepressant 
innovative drugs in our own country. Hypericin is a substance 
isolated from the plant Hypericum perforatum; it has been found 
to have a good antidepressant effect, and it has been devel-
oped as an antidepressant drug in Germany [3].

Sinomenine (SIN) (7,8-didehydro-4-hydroxy3,7-dimethoxy-
17-methyl-9a, 13a, 14a-morphinan-6-one; SIN) is an extract 
of the Chinese medicinal herb Sinomenium acutum. In China, 
SIN is widely used to treat mesangial proliferative nephritis 
and rheumatoid arthritis treatment [4,5]. SIN has anti-cancer, 
cytoprotection, immunosuppression, and anti-inflammation 
effects [6–10]. A large body of researches shows that depres-
sion is an inflammatory disorder [11–14]. Nevertheless, the 
effects of SIN on development of depression and the poten-
tial underlying molecular mechanisms remain largely unclear.

Chronic socioenvironmental stressors affect the development 
of depression, and stress is known to be one of the causal fac-
tors for development of major depression [15]. Stress has been 
reported to lead to neuronal atrophy and loss in certain brain 
structures (mainly in the hippocampus), and exogenous stress 
can induce neuronal cell death in the hippocampus [16,17]. 
Stress-based animal models have been widely used to inves-
tigate biological mechanisms of depression. Most of these 
animal models resemble some of the observed dysfunctions 

of human depression, including significant weight loss, anhe-
donia, and increased anxiety [18,19]. Recently, unpredictable 
chronic mild stress (UCMS) has been developed as an experi-
mental model of depression [20–22].

Therefore, in the present study, we aimed to investigate the 
effects of SIN administration in a mouse model of depression 
induced by chronic unpredictable mild stress (CUMS), and to 
explore the underlying molecular mechanisms.

Material and Methods

Mouse model of depression establishment

This study was approved by the ethics committee of Jiaxing 
University.

30 healthy young male ICR mice (~20 g; 5 weeks old) were 
obtained from the Vital River Company (Beijing, China). The 
mice were fed under a 12-h light/dark cycle in 55±5% hu-
midity at 22±2°C with water and food provided freely. All an-
imal experiments were conducted in line with the guidelines 
for the Care and Use of Laboratory Animals by the National 
Institute of Health.

Mice were randomly divided into 6 groups (n=5 per group): (1) 
Control group (unstressed + saline vehicle); (2) Model group 
(CUMS + saline vehicle); (3–5) 3 SIN treatment groups (CUMS 
+ SIN); (6) fluoxetine treatment group (CUMS + FLU). From the 
22th day, the rats were orally administered with SIN (30, 100 
or 300 mg/kg) or fluoxetine (20 mg/kg) every day for 21 days. 
SIN was obtained from Sigma-Aldrich (Merck KGaA, Darmstadt, 
Germany). Fluoxetine treatment group was considered as the 
positive control group. Fluoxetine hydrochloride was purchased 
from Hubei Bangsun Chemical co., LTD (Wuhan, Hubei, China). 
At the last of the experiments, behavioral tests were carried 
out, and the hippocampal tissues of the mice were extracted 
as previously described [23,24].

Mouse model of depression induced by chronic unpredictable 
mild stress (CUMS) were established as previously described [23]. 
In brief, mice were group housed and allowed to adapt to the 
environment for one week. Then, the mice of the control group 
were not disturbed in their cages in a separated room through-
out the following 42 days, while the mice of the other 4 groups 
were single housed and subjected to a variety of mild stressors 
for 42 days: (1) food deprivation for 24 h, (2) water depriva-
tion for 24 h, (3) overnight illumination, (4) cage tilt (45°) for 
7 h, (5) soiled cage (200 mL water in 100 g sawdust bedding), 
(6) foreign object exposure, (7) light/dark perversion, (8) over-
hang (10 min), (9) physical restraint for 3 h, (10) 1 min tail pinch 
(1 cm from the beginning of the tail), (11) 5 min oscillation, 
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and (12) white noise. To ensure the unpredictability of the ex-
periment, all stressors were performed randomly.

Sucrose preference test (SPT)

SPT was carried out every week according to the previous 
study [24]. The value of sucrose preference was assessed 
as follows: Preference value (%)=sucrose intake/(sucrose 
intake+water intake)×100%. Experiments were performed at 
least for 3 times.

Forced swimming test (FST)

FST was performed according to the previous study [25]. 
The immobility time was recorded as the length of time the 
mouse floated in the upright position without a struggle, and 
only slight movements were made to keep its head out of the 
water. The duration of immobility was recorded at the last 
4 min of the total 6 min, which indicated the depressive state. 
Experiments were performed at least for 3 times.

Tail suspension test (TST)

TST was conducted based on a previous study [26]. In short, 
hang the mouse 25 cm above the ground by the tip of the tail 
(1 cm) tied up to the level. The immobility time was recorded 
in the test period of 6 minutes (first 1 min for adaptation and 
the remaining 5 min were recorded). It is considered as immo-
bile only when the mouse is hung passively and completely 
suspended. Mice crawling to the tail were excluded from the 
experimental data analysis. Experiments were performed at 
least for 3 times.

NE and 5-HT levels detection

The expression levels of NE (Cat no. F02611; Shanghai Westang 
Bio-Tech Co., Ltd., Shanghai, China) and 5-HT (Cat no. F16311; 
Shanghai Westang Bio-Tech Co., Ltd., Shanghai, China) in the 
hippocampi of the mice were measured by using ELISA as-
say according to the manufacturer’s instructions of each kit. 
The levels of NE and 5-HT were expressed as ng/g tissues. 
Experiments were performed at least for 3 times.

Pro-inflammatory cytokine levels detection

The levels of interleukin (IL)-1b (Cat no. PI305, Beyotime, 
Shanghai, China), IL-6 (Cat no. PI330, Beyotime, Shanghai, 
China) and tumor necrosis factor-a (TNF-a) (Cat no. PT518, 
Beyotime, Shanghai, China) in the hippocampal tissues of the 
mice of different groups were measured by using ELISA assay 
according to the manufacturer’s instructions of each kit. The 
levels of IL-1b, IL-6 and TNF-a were expressed as pg/mg tis-
sues. Experiments were performed at least for 3 times.

QRT-PCR

Total RNA from hippocampus tissues was extracted by using 
TRIzol (Invitrogen; Thermo Fisher Scientific Inc.) per as the man-
ufacturer’s protocol. TaqMan microRNA Reverse Transcription 
kit (Invitrogen) was applied to perform the reverse transcription 
experiments according to the manufacturer’s protocol. cDNAs 
were analyzed by using the TaqMan® Universal PCR Master Mix 
kit (Thermo Fisher Scientific Inc.) under the ABI PRISM 7900 
HT sequence-detection system (Applied Biosystems; Thermo 
Fisher Scientific, Inc.). The conditions for amplification were 
as follows: 95˚C for 10 min, followed by 37 cycles of 95°C for 
10 s and 60°C for 60 s. The primer sequences were obtained 
as required, and listed as following: 
NLRP3-forward, 5’-GATCTTCGCTGCGATCAACAG-3’
reverse, 5’-CGTGCATTATCTGAACCCCAC-3’;
ASC-forward, 5’-GCAATGTGCTGACTGAAGGA-3’
reverse, 5’-TGTTCCAGGTCTGTCACCAA-3’;
caspase-1-forward, 5’-GCACAAGACCTCTGACAGCA-3’
reverse, 5’-TTGGGCAGTTCTTGGTATTC-3’;
GAPDH-forward, 5’-AAAATCAAGTGGGGCGATGC-3’
reverse, 5’-AGGAGGCATTGCTGATGATCT-3’.

Experiments were performed at least for 3 times. Relative 
gene expression was quantified using the 2–DDCq method [27].

Western blot

After specific treatment, total proteins from the hippocampus 
were extracted using the RIPA buffer (Beijing Solarbio Science 
& Technology Co., Ltd., Beijing, China) and quantified by BCA 
assay (Thermo Fisher Scientific, Inc) according to the manufac-
turer’s protocol. Protein samples (2 μg/lane) were separated 
on 12% SDS-PAGE and then blotted onto PVDF membranes. 
After blocked with 5% no-fat milk for 2 h at room tempera-
ture, the membranes were then incubated with a primary an-
tibody (all Cell Signaling Technology Inc., Danvers, MA, USA) 
against p-p38 (1: 1000; cat. no. 1170), p-p65 (1: 1000; cat. no. 
3033), NLRP3 (1: 1000; cat. no. 13158), ASC (1: 1000; cat. no. 
67824), caspase-1 (1: 1000; cat. no. 3866) or b-actin (1: 5,000; 
cat no. 4970) overnight at 4°C. Subsequently, the membranes 
were incubated with the horseradish peroxidase-conjugated 
secondary antibody, Anti-rabbit IgG, HRP-linked Antibody 
(1: 5000; cat. no. 7074; Cell Signaling Technology Inc., Danvers, 
MA, USA), for 4 h at room temperature. Bands were observed 
using a chemiluminescence detection kit (cat. no. 6883; Cell 
Signaling Technology Inc.) per as the manufacturer’s protocol.

Statistical analysis

Data were presented as the mean ± standard deviation (SD). 
Data analysis were performed using SPSS version 17.0 software 
(SPSS, Inc., Chicago, IL, USA). The significance between different 
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groups was analyzed using one-way analysis of variance fol-
lowed by Bonferroni’s multiple comparisons test. p<0.05 was 
considered have significant statistical significance.

Results

CUMS-induced mice body weight reduction was restored 
by SIN

As shown in Figure 1, at the beginning of the test, the body 
weight of mice in different groups was similar. However, com-
pared with that of the control group, 3 weeks of CUMS sig-
nificantly reduced the body weight of the mice (p<0.05). 
Different concentrations of SIN (30, 100 or 300 mg/kg) as 
well as fluoxetine significantly eliminated the decreased body 
weight induced by CUMS.

CUMS-induced depressive-like behavior was alleviated by 
SIN

To investigate the effects of SIN on CUMS-induced depressive-
like behaviors, SPT, FST and TST were performed after specific 
treatment. As shown in Figure 2, compared with the control 
group, the model group presented a significant decrease in su-
crose consumption, and SIN and fluoxetine treatment notably 
increased the sucrose consumption. In addition, the immobility 
time in the FST and TST were significantly increased in mice 
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Figure 1. �Effect of Sinomenine on body weight of mice. SIN1/2/3 
– model mice treated with Sinomenine at 30, 100, 
or 300 mg/kg; FLU – depression mice treated with 
fluoxetine. Data are expressed as mean ±SD.
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Figure 2. �Effect of Sinomenine on chronic unpredictable mild stress-induced depressive-like behavior. (A) Sucrose preference test; 
(B) Forced swimming test; (C) Tail suspension test. SIN1/2/3 – depression mice treated with Sinomenine at 30, 100, or 
300 mg/kg; FLU – depression mice treated with fluoxetine. Data are expressed as mean ±SD. ** p<0.01 vs. control group; 
#, ## p<0.05, 0.01 vs. model group.
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of the model group, while SIN and fluoxetine treatment sig-
nificantly reduced these increases. The data suggested that 
SIN and fluoxetine treatment significantly alleviated CUMS-
induced depression.

CUMS-induced imbalances in hippocampal 
neurotransmitter levels were alleviated by SIN

The findings showed that compared with the control group, NE 
and 5-HT levels in the hippocampus of mice were notably de-
creased after CUMS conduction. However, compared with the 
model group, SIN and fluoxetine treatment obviously increased 
NE and 5-HT levels in the hippocampus of these mice (Figure 3).

CUMS-induced increases in hippocampal pro-inflammatory 
cytokine levels were reduced by SIN

The effect of SIN on the levels of pro-inflammatory cytokines 
in the hippocampus of mice subjected to CUMS were deter-
mined. We found that compared with the control group, CUMS 
significantly increased the levels of IL-1b, IL-6, and TNF-a in 
the hippocampus of mice, while SIN and fluoxetine treatment 
markedly reduced these increases (Figure 4).

CUMS-induced activation of p38MAPK-NF-kB pathway in 
the hippocampus of mice were inhibited by SIN

To explore the molecular mechanism of anti-depressant-
like effects of SIN on CUMS-induced model of depression in 
mice, p38MAPK-NF-kB pathway was analyzed. As shown in 
Figure 5, compared with the control group, the level of p-p38 
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Figure 3. �Effect of Sinomenine on hippocampal 5-HT and NE levels in chronic unpredictable mild stress-induced mice. (A) Levels of 
NE in the hippocampus of mice; (B) Levels of 5-HT in the hippocampus of mice. SIN1/2/3 – depression mice treated with 
Sinomenine at 30, 100, or 300 mg/kg; FLU – depression mice treated with fluoxetine. Data are expressed as mean ±SD. 
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Figure 4. �Effect of Sinomenine on hippocampal IL-1b, IL-6, and TNF-a concentrations in chronic unpredictable mild stress-induced 
mice. (A) Levels of IL-1b in the hippocampus of mice; (B) Levels of IL-6 in the hippocampus of mice; (C) Levels of TNF-a in the 
hippocampus of mice. SIN1/2/3 – depression mice treated with Sinomenine at 30, 100, or 300 mg/kg; FLU – depression mice 
treated with fluoxetine. Data are expressed as mean ±SD. ** p<0.01 vs. control group; #, ## p<0.05, 0.01 vs. model group.
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and p-p65 in the hippocampus of mice subjected to CUMS 
significantly enhanced, indicating the activation of p38MAPK-
NF-kB pathway. This activation was markedly inhibited by SIN 
and fluoxetine treatment.

CUMS-induced increases of NLRP3 inflammasome in the 
hippocampus of mice were decreased by SIN

In addition, NLRP3 inflammasome was determined in the cur-
rent study. Results suggested that compared with the control 
group, the protein and mRNA levels of NLRP3, ASC and cas-
pase-1 in the hippocampus of mice subjected to CUMS were 
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Figure 5. �(A–C) Effect of Sinomenine on p38MAPK-NF-kB pathway in the hippocampus of chronic unpredictable mild stress-induced 
mice. After treatment, the protein level of p-p38 and p-p65 in the hippocampus of mice was measured by Western blot, and 
the data were analyzed. SIN1/2/3 – depression mice treated with Sinomenine at 30, 100, or 300 mg/kg; FLU – depression mice 
treated with fluoxetine. Data are expressed as the mean ±SD. ** p<0.01 vs. control group; #, ## p<0.05, 0.01 vs. model group.
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Figure 6. �(A–D) Effect of SIN on NLRP3 inflammasome complex protein levels in the hippocampus of CUMS-induced mice. After treatment, 
protein and mRNA levels of NLRP3, ASC, and caspase-1 in the hippocampus of mice were measured by Western blot and qRT-
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significantly up-regulated, and these up-regulations were elim-
inated by SIN and fluoxetine treatment (Figure 6).

Discussion

Depression has become a serious social issue that cannot be 
ignored because of the serious impact of depression on the 
health and quality of life of the patients. Research shows that 
drug treatment is an effective treatment for depression [28]. 
Therefore, it is very urgent for us to search for novel and ef-
fective agents for treatment of depression.

SIN is a bioactive alkaloid extracted from Sinomenium acutum. 
A previous study suggested that SIN exerts antidepressant ef-
fects in mice with depression induced by chronic social defeat 
stress (CSDS) by promoting the hippocampal BDNF signaling 
pathway [29]. However, whether SIN has an anti-depressant-
like effect on mice with depression induced by CUMS remains 
unclear, and the underlying molecular mechanisms are not fully 
understood. Therefore, we performed the present study, and a 
mouse model of depression induced by CUMS was conducted. 
Mice were treated with various concentrations of SIN (30, 100, 
or 300 mg/kg), and fluoxetine (20 mg/kg) was used as the pos-
itive control drug. We found that SIN and fluoxetine treatment 
relieved CUMS-induced depressive-like behaviors and allevi-
ated CUMS-induced reductions in hippocampal NE and 5-HT 
levels, and increased the levels of proinflammatory cytokines 
(IL-1b, IL-6, TNF-a) in the hippocampus of mice. In addition, 
activation of the p38MAPK-NF-kB pathway and NLRP3 inflam-
masome complex induced by CUMS were repressed by SIN 
and fluoxetine treatment. To the best of our knowledge, this 
is the first study showing the anti-depressive activity of SIN in 
a mouse model of depression induced by CUMS.

To investigate the effects of SIN administration on depression, 
a mouse model of depression was established by chronic un-
predictable mild stress (CUMS) induction. We observed that 
compared with the control group, a 3-week CUMS procedure 
markedly decreased the body weight gain of the mice. Our 
results also demonstrated that mice subjected to CUMS had 
depressive-like behaviors, including decreased SP and longer 
immobility time in FST and TST. It is noteworthy that these 
changes were significantly reduced by SIN and fluoxetine treat-
ment, as evidenced by increased SP and shortened immobility 
time in FST and TST.

Increasing evidence indicates the critical roles of the neu-
rotransmitters 5-HT and NE in the process of learning and 

memory [30,31], and reduction of 5-HT and NE in the cen-
tral nervous system has been found during depression. The 
present study found that the levels of NE and 5-HT in the hip-
pocampus of mice were significantly decreased after CUMS, 
and this is consistent with previous studies. However, SIN and 
fluoxetine treatment significantly reversed the reduction of NE 
and 5-HT levels caused by CUMS in the hippocampus of mice.

Inflammatory cytokines play an important role in the patho-
genesis and development of depression [32]. Studies have re-
ported that proinflammatory cytokines, including IL-1b, IL-6, 
and TNF-a, were significantly up-regulated during depres-
sion [12,14]. Similarly, our study found that CUMS significantly 
increased the levels of IL-1b, IL-6, and TNF-a in the hippocam-
pus of mice, while SIN treatment markedly reduced these in-
creases. The p38MAPK-NF-kB pathway, as well as NLRP3 in-
flammasome, play a key role in inflammation response, and 
various studies have found that the p38MAPK-NF-kB path-
way and NLRP3 inflammasome were activated during depres-
sion [33–35]. The present study suggests that CUMS-induced 
activation of the p38MAPK-NF-kB pathway and increases of 
NLRP3 inflammasome complex (NLRP3, ASC, and caspase-1) 
in the hippocampus of mice were notably inhibited by SIN and 
fluoxetine treatment.

Taken together, the data of the present study indicate that SIN 
exerts an anti-depressive effect on the mouse model of de-
pression induced by CUMS, and that the underlying molecular 
mechanism may be related to the prevention of p38MAPK-NF-
kB pathway and NLRP3 inflammasome activation.

Conclusions

SIN significantly ameliorated CUMSinduced depressive-like 
behaviors, as evidenced by increased sucrose preference and 
shortened immobility time in the forced swimming and the 
tail suspension test. In addition, SIN inhibited CUMS-induced 
reduction of NE and 5-HT and increased levels of IL-1b, IL-6, 
and TNF-a in the hippocampus of mice. Therefore, SIN exerts 
an anti-depressive effect on the mouse model of depression 
induced by CUMS, and it may be a promising and effective 
agent for depression treatment. To provide a more reliable 
theoretical basis for clinical treatment of depression with SIN, 
much research needs to be carried out in the future.
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