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	 Background:	 This study aimed to investigate the effect and underlying molecular mechanism of sinomenine (SIN) on anky-
losing spondylitis (AS).

	 Material/Methods:	 To study the potential role of SIN in the pathogenesis of AS, an AS mouse model was established and mice were 
treated with different concentrations of SIN (10, 30, and 50 mg/kg, administered intraperitoneally). Markers of 
inflammation and oxidative stress were determined by ELISA assay. Western blot analysis and qRT-PCR were 
used to quantify the levels of related proteins and gene mRNA expression.

	 Results:	 The results suggest that AS mice has higher levels of TNF-a, IL-1b, and IL-6 (p<0.01 for all), and lower levels of 
superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GSH-PX) (p<0.01 for all). SIN treatment 
reduced the level of TNF-a, IL-1b, and IL-6 in a dose-dependent manner, and the levels of SOD, CAT, and GSH-
PX were dose-dependently increased (p<0.05 for all). The results also revealed that NF-kBp65 expression de-
creased, while the level of IkB increased, in a dose-dependent manner, after SIN treatment in AS mice (p<0.05 
for all). The level of p-p38 was dose-dependently reduced in AS mice by SIN treatment (p<0.05). Moreover, SIN 
inhibited Cox-2 expression in AS mice in a dose-dependent manner (p<0.05).

	 Conclusions:	 SIN has a beneficial role in AS through suppressing inflammatory mediators and by down-regulating oxidative 
stress via inhibiting the MAPKp38/NF-kB pathway and Cox-2 expression.
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Background

Ankylosing spondylitis (AS), a common and unexplained chronic 
inflammatory-based autoimmune disease, is characterized by 
ankylosis, new bone formation, and inflammation of sacroiliac 
joints, hip, and spine [1–5]. The pathogenesis of AS is not yet 
completely clear and involves a variety of factors. Many stud-
ies have shown that cytokine network abnormality is an im-
portant feature of AS pathology [6,7]. The occurrence of AS is 
insidious and progressive, and the major clinical manifesta-
tions of the early stage are joint pain without apparent cause, 
which is easily ignored by patients, leading to missed diagno-
sis and delay in treatment. Advanced AS may lead to spinal 
deformity, loss of ability to work, and disability, seriously af-
fecting the quality of life [8–11]. The prevalence of AS in China 
is about 0.20% to 0.40% [12]. Almost 80% of AS patients are 
young adults, and 5 years after diagnosis the disability rate 
reaches 40% to 60% [13,14]. At present, there is no effective 
treatment for AS.

Sinomenine (7,8-didehydro-4-hydroxy3,7-dimethoxy-17-meth-
yl-9a, 13a, 14a-morphinan-6-one; SIN), an extract, is extracted 
from the Chinese medicinal herb Sinomenium acutum. SIN is 
widely used in mesangial proliferative nephritis and rheuma-
toid arthritis treatment in China [15,16]. It has various phar-
macological properties, including cytoprotection, immunosup-
pression, anti-cancer, and anti-inflammation effects [17–21]. 
However, no published study has fully investigated the effects 
of SIN on the development of AS and explored the potential 
underlying molecular mechanisms.

Therefore, the purpose of the present study was to determine 
whether sinomenine administration can relieve ankylosing 
spondylitis in an AS mouse model, and to explore the under-
lying molecular mechanisms.

Material and Methods

Materials

SIN was obtained from Sigma-Aldrich (St. Louis, MO) and dis-
solved in saline containing 1% dimethylsulfoxide (DMSO) just 
before injection.

ELISA kits for the detection of TNF-a, IL-1b, IL-6, CAT, GSH-
PX, and SOD were supplied by Cell Signaling Technology, Inc. 
(Danvers, MA, USA). Antibodies against NF-kBp65, IkB; MAPK 
p-p38; Cox-2, and b-actin, as well as the secondary antibodies, 
were obtained from Cell Signaling Technology, Inc. (Danvers, 
MA, USA). All other chemicals and reagents were purchased 
from Sangon Biotech (Shanghai) Co., Ltd. (Shanghai, China).

Creation of the AS mouse model

The mouse models in the present experiment were treated ac-
cording to the principles as set by Honghui Hospital Affiliated 
to Xi’an Jiaotong University. BALB/c mice were obtained from 
the Vital River Company (Beijing, China). For AS mouse model 
establishment, 3-month-old mice were injected 4 times once a 
week with 2 mg human proteoglycan extract dissolved in 2 mg 
dimethyl dioctadecyl ammonium (DDA) [22]. After the second 
injection, symptoms consistent with peripheral arthritis were 
observed, and the mice showed signs of axial skeleton anky-
loses [23]. At the end of this experiment, blood was collected 
from the retroorbital plexus, and AS tissues were extracted for 
histological analysis. Suitable tissues and blood samples were 
immediately flash-frozen in liquid nitrogen and stored at –80°C.

The mice were randomly divided into 6 treatment groups (n=5 
per group): (1) a control group (CG) in which healthy control 
mice received a basal diet [21]; (2) a control ankylosing spon-
dylitis group (CG-AS) in which AS mice received a basal diet; 
(3) a sinomenine injection group (SIG) in which normal healthy 
mice received a basal diet and 50 mg/kg sinomenine; (4) a si-
nomenine injection ankylosing spondylitis group (SIG-AS10, 
SIG-AS30, SIG-AS50) in which AS mice received a basal diet 
and 10, 30, or 50 mg/kg sinomenine, respectively.

Detection of cytokines and antioxidative enzyme activities

The serum levels of tumor necrosis factor-a (TNF-a), inter-
lukin-1b (IL-1b), and interlukin-6 (IL-6) were detected by us-
ing ELISA assay according to the manufacturer’s instructions 
for each kit. Levels of catalase (CAT), glutathione peroxidase 
(GSH-PX), and superoxide dismutase (SOD) were also deter-
mined by performing ELISA. Each experiment was indepen-
dently performed 3 times.

Western blot analysis

AS tissues were extracted, and 100 μl of tissue lysis buffer 
(Cell Signaling Technology, Danvers, MA, USA) was used for 
protein collection. A BCA protein assay kit (Thermo Fisher 
Scientific, Inc.) was used to measure the protein concentra-
tion of samples according to the manufacturer’s instructions. 
The same proteins (30 µg each sample) were resolved by 12% 
SDS-PAGE, transferred to a polyvinylidene fluoride membrane 
(EMD Millipore, Billerica, MA, USA), and then blocked with 5% 
nonfat dried milk. The membranes were then incubated over-
night at 4°C with the following primary antibodies: NF-kBp65 
(1: 1000), IkB (1: 1000), p-p38 (1: 1000), Cox-2 (1: 1000), or 
b-actin (1: 2000). Subsequently, membranes were incubated 
with a HRP-conjugated secondary antibody for 1 h at 37°C. 
Quantity One (V4.4.0, Bio-Rad Laboratories, USA) software was 
used for measurement of the band intensities.
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QRT-PCR

Total RNA was extracted from the AS tissues by using RNAiso 
Plus (Takara Bio, Dalian, China) following the manufacturer’s 
instructions. A reverse transcription experiment was carried 
out to synthesize cDNAs with the ThermoScript RT-PCR sys-
tem (Invitrogen, Grand Island, NY, USA), and qPCR was per-
formed to analyze the synthesized cDNAs. The conditions of 
qPCR used for amplification were as follows: 95°C for 5 min, 
40 cycles at 95°C for 30 s, 55°C for 30 s, and 72°C for 30 s, 
then 72°C for 10 min. GAPDH served as an internal control. 
The primer sequences for qPCR were as follows: 
GAPDH-Forward: 5’GAAGGTGAAGGTCGGAGTC3’;
GAPDH-Reverse: 5’GAAGATGGTGATGGGATTTC3’;
NF-kBp65-Forward: 5’GACCTGGCATCTGTGGACAAC3’;
NF-kBp65-Reverse: 5’TCCGCAATGGAGGAGAAGTCT3’;
IkB-Forward: 5’GAGGCGTGGCAGACTATGC3’;
IkB-Reverse: 5’CTTGTACTCCGTCAGCGTGA3’;
Cox-2-Forward: 5’ACCGAGTCGTTCTGCCAATA3’;
Cox-2-Reverse: 5’CTCATGAGTGGAGGACGTCT3’.

The relative gene expression was assessed by using the 2-DDCq 
method [24]. The experiment was repeated at least 3 times.

Statistical analysis

Data are displayed as the mean ± standard deviation (SD). 
Analyses were carried out using SPSS (V22.0, IBM, USA). 
Student’s t test or one-way ANOVA followed by Tukey’s test 
was used to make comparison between groups. A value of 
p<0.05 was considered as statistically significant.

Results

Effect of SIN on inflammatory cytokines

To investigate the exact beneficial role that SIN has in the animal 
AS models used in this experiment, the levels of TNF-a, IL-1b, and 
IL-6 were determined. As shown in Figure 1, TNF-a, IL-1b, and 
IL-6 levels were significant higher in the CG-AS group in compar-
ison to the CG and SIG groups. Administration of SIN in SIG-AS 
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Figure 1. �The effect of SIN on (A) TNF-a, (B) IL-1b, and (C) IL-6 in mice. ** p<0.01 vs. CG; #, ## p<0.05, 0.01 vs. CG-AS. Data are 
presented as mean ±SD.
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Figure 2. �The effect of SIN on (A) CAT, (B) GSH-PX, and (C) SOD in mice. ** p<0.01 vs. CG; #, ## p<0.05, 0.01 vs. CG-AS. Data are 
presented as mean ±SD.
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mice decreased the levels of TNF-a, IL-1b, and IL-6 in a dose-
dependent manner in comparison to those of the CG-AS mice.

Effect of SIN on antioxidative enzymes

To demonstrate the beneficial role of SIN in decreasing or pro-
moting oxidative stress in the AS mouse models, the levels of 
antioxidative enzymes (SOD, CAT, and GSH-PX) were measured. 
The results showed that the levels of SOD, CAT, and GSH-PX 
were significantly lower in the CG-AS group in comparison to 
the CG and SIG groups. SIN dose-dependently increased the 
levels of SOD, CAT, and GSH-PX in SIG-AS groups in compari-
son with the CG-AS group (Figure 2).

Effect of SIN on MAPKp38/NF-kB pathway

To explore the underlying molecular mechanisms of the effect 
of SIN on AS, we investigated the MAPKp38/NF-kB pathway 

and performed Western blot analysis and qRT-PCR. As shown 
in Figure 3, we found that the p-p38 expression level in the CG-
AS group was higher than that in the CG and SIG groups. SIN 
dose-dependently decreased the protein level of p-p38 in the 
SIG-AS groups in comparison with the CG-AS group. Moreover, 
compared with the CG and SIG groups, in the CG-AS group NF-
kBp65 was significantly increased and IkB was significantly de-
creased. SIN dose-dependently decreased the expression lev-
el of NF-kBp65 and increase IkB expression in SIG-AS groups 
in comparison with the CG-AS group (Figure 4). Taken togeth-
er, the data indicate that SIN inhibits MAPKp38/NF-kB path-
way activation.

Effect of SIN on Cox-2 expression

We also investigated Cox-2. As expected, compared with 
the CG and SIG group, the protein and mRNA levels of Cox-2 
were markedly increased in the CG-AS group. Following SIN 
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Figure 3. �(A, B) The effect of SIN on NF-kBp65 and IkB expression. The protein and mRNA levels of NF-kBp65 and IkB were detected by 
Western blotting and qRT-PCR, respectively. ** p<0.01 vs. CG; #, ## p<0.05, 0.01 vs. CG-AS. Data are presented as mean ±SD.
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Figure 4. �(A–C) The effect of SIN on p-p38 expression. The protein level of p-p38 was detected by Western blotting. The expression 
levels of p38 phosphorylation are expressed as% of the control. ** p<0.01 vs. CG; #, ## p<0.05, 0.01 vs. CG-AS. Data are 
presented as mean ±SD.
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treatment, the level of Cox-2 dose-dependently decreased in 
the SIG-AS groups in comparison to the CG-AS group (Figure 5).

Discussion

AS, a systemic disease of unknown etiology, is characterized by 
inflammation in the spine and sacroiliac joints, initially caus-
ing bone and joint erosion, and, ultimately, ankylosis and fi-
brosis [2–5,25]. Elevated concentrations of pro-inflammatory 
cytokines and reactive oxygen species (ROS) participate in this 
disease. Although the exact mechanism of AS remains large-
ly unclear, pro-inflammatory mediators are strongly suspect-
ed to participate in the development of this disease. Studies 
have confirmed that the pro-inflammatory mediators further 
produce IL-6 and TNF-a by stimulating osteoclasts and other 
inflammatory cells [26]. ROS, known as free radicals, is pro-
duced during normal metabolic reactions in the human body. 
However, excessive and uncontrolled elevated levels of ROS are 
associated with oxidative stress [27]. CAT, GSH-PX, and SOD, 
known as important antioxidant enzymes, play critical roles in 
scavenging superoxide radicals in cells, thus reducing the tox-
ic nature of free radicals, and thereby preventing harm [28].

As a common rattan drug, SIN has been widely used for 
the treatment of a variety of arthritic diseases in traditional 
Chinese medicine (TCM) clinics. To date, it has been demon-
strated that sinomenine has a number of pharmacological ac-
tivities, including immunosuppressive, anti-inflammatory, anti-
rheumatic, and anti-angiogenic effects [18]. In recent years, a 
growing body of evidence suggests that SIN has neuroprotec-
tive effects [18,29,30]. Studies also have demonstrated that 
SIN has anti-tumor potential against various tumor cells, in-
cluding hepatocellular carcinoma, breast cancer, and lung can-
cer [19,20,31].

The present study investigated the effects of SIN on AS, and an 
AS mouse model was created and treated with different con-
centrations of SIN (10, 30, and 50 mg/kg). Because pro-inflam-
matory cytokines and oxidative stress are involved in the de-
velopment of AS, and because SIN has anti-inflammatory and 
antioxidant effects [18,32,33], the study determined the mark-
ers of inflammation (TNF-a, IL-1b, and IL-6) and oxidative stress 
(SOD, CAT and GSH-PX), showing that AS mice had higher lev-
els of TNF-a, IL-1b, and IL-6, and lower levels of SOD, CAT, and 
GSH-PX. SIN treatment reduced the levels of TNF-a, IL-1b, and 
IL-6 in a dose-dependent manner, and the levels of SOD, CAT, 
and GSH-PX were dose-dependently increased. Furthermore, 
the present study investigated the NF-kB pathway, MAPKp38 
pathway, and Cox-2, which have been reported to regulate 
the expression of the markers of inflammation (TNF-a, IL-1b, 
and IL-6) and oxidative stress (SOD, CAT and GSH-PX) [34–36]. 
The results suggest that SIN treatment inhibits the expression 
of NF-kBp65, while IkB expression was enhanced in AS mice, 
consistent with a previous study [37], while SIN treatment in-
hibited the expression of p-p38 and Cox-2.

Conclusions

The present study shows that SIN has a beneficial role in AS 
through preventing inflammatory mediators, and by down-reg-
ulating oxidative stress via inhibiting NF-kB, MAPKp38 path-
way, and Cox-2 expression. These results provide a theoreti-
cal basis for the treatment of AS. SIN plays a protective role 
in the progression of AS, and thus may serve as a novel ther-
apeutic target for AS.
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Figure 5. �(A, B) The effect of SIN on Cox-2 expression. The protein and mRNA levels of Cox-2 weres detected by Western blotting and 
qRT-PCR, respectively. ** p<0.01 vs. CG; #, ## p<0.05, 0.01 vs. CG-AS. Data are presented as mean ±SD.
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