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Background: The purpose of this study was to investigate the effects of sinomenine (SIN) on CFA-induced inflammatory pain
in rats, and to explore the underlying molecular mechanisms.

Material/Methods: To determine the potential influences of SIN in the pathogenesis of inflammatory pain, an inflammatory pain
(IP) mouse model was established and rats were treated with SIN (30 mg/kg). Behavioral tests were used to as-
sess the MWT and TWL of the rats. ELISA assay was used to detect the level of inflammation cytokines. Western
blotting and gRT-PCR were carried out to measure the related protein and mRNA expression level, respectively.

Results: We found that the MWT and TWL of the CFA-treated rats were markedly lower than that of the control rats,
and they were significantly increased by SIN administration. The results suggest that IP rats had higher lev-
els of TNF-0, IL-1f and IL-6 compared with the control rats. SIN administration decreased the levels of TNF-a,
IL-1B, and IL-6. In addition, we found that p-p65 and p-p38 expression notably decreased after SIN treatment
in IP rats. Moreover, the results showed that SIN inhibited Cox-2 and PGE2 expression in IP rats.

Conclusions: The data indicate that SIN had a protective role in inflammatory pain through repressing inflammatory medi-
ators via preventing the p38MAPK-NF-kB pathway.
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Background

Pain is one of the most common symptoms in clinical practice,
and inflammatory pain is the most important type [1]. Chronic
inflammation caused by tissue damage and secondary inflam-
mation caused by noxious stimuli can result in inflammato-
ry pain. Inflammatory pain is characterized by hyperalgesia,
evoked pain, and ongoing pain, and is recognized as the most
common and difficult chronic pain to treat [2]. Inflammatory
pain seriously affects quality of life [3,4]. At present, admin-
istration of conventional analgesics, such as nonsteroidal an-
ti-inflammatory drugs (NSAIDs), is the main method for in-
flammatory pain treatment. However, the treatment effect is
unsatisfactory and long-term uses of this agent can result in
serious adverse effects [5, 6]. Clinical treatment of inflamma-
tory pain remains a huge problem [7]. Thus, it is urgent for re-
searchers to seek novel and effective strategies for the treat-
ment of inflammatory pain.

Sinomenine (7,8-didehydro-4-hydroxy3,7-dimethoxy-17-meth-
yl-9a, 130, 14a-morphinan-6-one; [SIN]) is extracted from
the Chinese medicinal herb Sinomenium acutum and is wide-
ly used in the treatment of mesangial proliferative nephritis
and rheumatoid arthritis in China [8,9]. SIN has a variety of
pharmacological properties, such as anti-cancer, cytoprotec-
tion, immunosuppression, and anti-inflammation effects [10-
14]. Nevertheless, there is still no published study investigat-
ing the effects of SIN on the development of inflammatory pain
and exploring the potential underlying molecular mechanisms.

Therefore, in this study, we aimed to study the effects of SIN

administration on CFA-induced inflammatory pain in rats, and
to explore the underlying molecular mechanisms.

Material and Methods

Materials

SIN was obtained from Sigma-Aldrich (St. Louis, MO). ELISA
kits for TNF-q, IL-1B, IL-6, and PGE2 detection were obtained
from Cell Signaling Technology, Inc. (Danvers, MA). The prima-
ry antibodies (anti-p65, anti-p-p65, anti-p38, anti-p-p38, an-
ti-Cox-2, and anti-B-actin) and the secondary antibodies were
supplied by Cell Signaling Technology, Inc. (Danvers, MA). All
other chemicals and reagents were supplied by Sangon Biotect
(Shanghai) Co., Ltd. (Shanghai, China).

Inflammatory pain (IP) model establishment and drug
treatment

Healthy young male SD rats (150-200 g, 4-6 week) were
supplied by the Vital River Company (Beijing, China). All rats
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were fed under standard conditions [15]. All the rats ate and
drank freely. The present study was approved by the Ethics
Committee of the First People’s Hospital of Changzhou and the
Third Affiliated Hospital. All experiments were carried out fol-
lowing with National Institutes of Health (NIH) Guide for the
Care and Use of Laboratory Animals.

Rats were randomly divided into 4 groups (n=10 per group):
(1) CFA group: 100 pl CFA was used to induced inflammato-
ry pain, and inflammatory pain model was conducted as pre-
viously described [15]; (2) saline group: 100 pl saline was in-
jected into the right hind paw of the rats of the control group;
(3) saline+SIN group: rats in this group were firstly intraper-
itoneally injected with 30 mg/kg SIN, and 1 h later, the rats
were injected with 100 pl saline. (4) CFA+SIN group: rats in
this group were firstly intraperitoneally injected with 30 mg/kg
SIN, and 1 h later the rats were injected subcutaneously with
100 pl CFA. Intraperitoneal injection of SIN was performed 2
times every day for 9 days. Intraperitoneal injection of saline
was performed in the rats of CFA and saline groups every 12 h
for 9 days. SIN was dissolved in saline containing 1% dimeth-
ylsulfoxide (DMSO) just before injection. Rats were deeply
anesthetized by intraperitoneal injection with pentobarbital
(60 mg/kg) 24 h after CFA injection. At the end of the exper-
iment, the L4-L6 dorsal spinal cords were collected for sub-
sequent analysis.

Behavioral tests [15]

The rats underwent behavioral testsat O h,6 h,1d,3d, 5d,
7 d, and 9 d after CFA injection. Rats were placed in the wire
mesh cages and adapted for 15-20 min, then a series of von
Frey filaments (Stoelting, Kiel, WI, USA) were used to test the
mechanical hyperalgesia of rats in different groups. Gradually-
increasing pressures were applied to the hind paws of the rats.
Each filament was applied 10 times for 5-6 s each time. The
mechanical withdrawal thresholds (MWTs) were considered as
the minimal force that initiated paw withdrawal. To perform
the thermal preference testing, a radiant heater (BME-410A,
Beijing, China) was used to test the thermal preference of rats
in different groups, as previously described [15]. In brief, the
radiant heat was placed at the bottom of the plantar surface
of the rat hind paw. Every hind paw was tested 3 times, for 3
min each time. When the hind paw of a rat was removed from
the heat source every 40 s, the thermal withdrawal latencies
(TWLs) were recorded. In addition, the cold allodynia of the
rats was tested by use of acetone, as previously described [15].

ELISA assay
The levels of tumor necrosis factor-o (TNF-a), interlukin-15

(IL-1B), interlukin-6 (IL-6), and PGE2 in rats of different groups
were measured by ELISA assay according to the manufacturer’s
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Figure 1. SIN alleviates inflammatory pain induced by CFA. (A) Mechanical withdrawal threshold after injection; (B) Thermal withdrawal
latencies after injection; (C) Frequency responses to cold stimulation after injection. Saline: rats were injected with 100 pl
saline only; Saline+SIN: rats were injected with 30 mg/kg SIN and 100 pl saline; CFA: rats were injected with 100 pl CFA only;
CFA+SIN: rats were injected with 30 mg/kg SIN and 100 pl CFA. * p<0.05 vs. Saline group; # <0.05 vs. CFA group.

instructions of each kit. Each experiment was repeated at least
3 times.

Quantitative real-time (qRT-PCR)

Total RNA from the tissues was extracted using RNAiso Plus
(Takara Bio, Dalian, China) according to the manufacturer’s in-
structions. cDNAs were generated by performing the reverse
transcription experiment with the ThermoScript RT-PCR system
(Invitrogen, Grand Island, NY, USA). qPCR was performed to
analyze the synthesized cDNAs by using the 2X Maxima SYBR
Green/ROX gPCR Master Mix kit. The amplification conditions
of gPCR 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 30s, then 72°C for 10 min.
B-actin was used as an internal control. The 2-44% method [16]
was used to analyze the relative gene expression. Experiments
were repeated at least 3 times.

Western blotting

Total proteins from tissues were collected using lysis buffer.
The BCA Protein Assay Kit (Thermo Scientific, Pierce Protein
Research Products, Rockford, USA) was applied to detect the
protein concentration. Equal amounts of protein samples
were resolved by 12% SDS-PAGE and then transferred onto
polyvinylidene fluoride (PVDF) membranes. Subsequently, the
membranes were firstly blocked with 5% non-fat milk for 2
h, and then incubated overnight at 4°C with the primary an-
tibodies, followed by incubating with horseradish peroxidase
(HRP)-conjugated secondary antibodies (Cell Signaling) for 2 h.
Finally, the chemiluminescent ECL reagent (Millipore, MA, USA)
was used to visualize the protein bands. NIH Image J software
(NIH Image, Bethesda, MD, USA) was used for data analysis.

Statistical analysis

Data are displayed as mean #SD. The t test was used to as-
sess the statistical significance. All statistical analyses were
performed using SPSS18.0 (SPSS Inc., Chicago, Illinois, USA).
p<0.05 indicated significant differences.

Results

SIN alleviated CFA-induced inflammatory pain in rats

To study the effects of SIN on inflammatory pain, we used be-
havioral tests (the reaction of the hind paw on the mechanical,
thermal, and cold stimuli). The results suggest that CFA signif-
icantly decreased the MWTs, TWLs, and frequency respons-
es to cold stimulation, and SIN treatment notably eliminated
these decreases at 1d,3d, 5d,7d, and 9 d after CFA injec-
tion (Figure 1A-1C). These results indicate that SIN can alle-
viate CFA-induced inflammatory pain.

SIN inhibits inflammatory cytokines production in IP rats

To investigate the exact beneficial role that SIN had in the
IP rats, the levels of TNF-a, IL-1B, and IL-6 were determined.
As shown in Figure 2, TNF-q, IL-1B, and IL-6 levels were sig-
nificantly higher in the CAF group than in the control groups.
Administration with SIN in IP rats reduced the levels of TNF-a,
IL-1B, and IL-6.

SIN inhibits MAPKp38 and NF-kB activation in IP rats
To explore the underlying molecular mechanisms of the effects

of SIN on inflammatory pain, p38MAPK pathway and NF-kxB
pathway were assessed in the present study. As shown in
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Figure 2. SIN inhibits TNF-q, IL-1B, and IL-6 expression in IP rats. (A, B) Protein/mRNA expression of TNF-o; (C, D) Protein/mRNA
expression of IL-1; (E, F) Protein/mRNA expression of IL-6. Saline: rats were injected with 100 pl saline only; Saline+SIN: rats
were injected with 30 mg/kg SIN and 100 pl saline; CFA: rats were injected with 100 pl CFA only; CFA+SIN: rats were injected
with 30 mg/kg SIN and 100 pl CFA. * p<0.05 vs Saline group; # <0.05 vs. CFA group.

Figure 3, compared with the control groups, p-p65 and p-p38
were significantly increased in the CFA group. SIN significant-
ly decreased the expression levels of p-p65 and p-p38 in the
SIN+CFA group in comparison with the CFA group. Thus, SIN
can inhibit p38MAPK and NF-xB activation in IP rats.

SIN inhibits Cox-2 expression in IP rats

The level of COX-2 was determined, and the results suggest
that, compared with the control groups, the protein and mRNA
level of COX-2 significantly increased in the CAF group, and the
level of COX-2 markedly decreased in the SIN treatment group
when compared to the CAF group (Figure 4). The data indicate
that SIN inhibits COX-2 expression in IP rats.

SIN inhibits PGE2 production in IP rats

We also assessed PGE2 production, and found that PGE2 ex-
pression was significantly higher in CAF-treatment rats than
in the control groups. SIN notably reduced the induction of
PGE2 caused by CFA (Figure 5).

Discussion

This study investigated the effects of SIN on inflammatory
pain induced by CFA and explored its mechanisms. The re-
sults indicated that administration of SIN via intraperitoneal
injection can reduce the pain response and increase the pain
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Figure 3. SIN inhibits MAPKp38 and NF-xB pathway activation in IP rats. (A) The protein levels of p-p38 and p-p65 were detected by
Western blot analysis. (B) The expression levels of p38 and p65 phosphorylation are expressed as percent of the control.
Saline: rats were injected with 100 pl saline only; Saline+SIN: rats were injected with 30 mg/kg SIN and 100 pl saline; CFA:
rats were injected with 100 pl CFA only; CFA+SIN: rats were injected with 30 mg/kg SIN and 100 pl CFA. * p<0.05 vs. Saline
group; * <0.05 vs. CFA group.
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Figure 4. SIN inhibits COX-2 expression in IP rats. (A) The protein level of COX-2 was detected by Western blot analysis. (B) The
mRNA level of COX-2 was detected by qRT-PCR. Saline: rats were injected with 100 pl saline only; Saline+SIN: rats were
injected with 30 mg/kg SIN and 100 pl saline; CFA: rats were injected with 100 pl CFA only; CFA+SIN: rats were injected with
30 mg/kg SIN and 100 pl CFA. * p<0.05 vs. Saline group; # <0.05 vs. CFA group.
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pain, and explored the underlying mechanisms. To perform
our investigation, an inflammatory pain rat model was estab-
lished using 100 pl CFA.

Using the IP rat model, we found that the mechanical hyper-
algesia threshold, hyperalgesia latencies, and cold hyperal-
gesia frequency were markedly reduced in IP rats, and they
were all markedly increased by SIN administration, indicat-
ing that SIN treatment relieves pain. Inflammation cytokines
(TNF-a, IL-1B, and IL-6) were assessed in our study. We found
that IP rats had a higher level of TNF-q, IL-1p, and IL-6, and
SIN treatment reduced the level of TNF-a, IL-1B, and IL-6. To
explore the mechanisms of the effects of SIN on inflammato-
ry pain, we assessed the p38MAPK pathway and NF-«xB path-
way. It is well known that p38MAPK activation plays an impor-
tant role in inflammatory pain [20,21]. Evidence has revealed
the increased level of p-p38 in inflammation and neuropathic
pain [22-24]. Inhibition of the p38MAPK signaling pathway is
an effective method for inflammatory pain treatment [25,26].
NF-kB, a protein complex that controls transcription of DNA,
cytokine production, and cell survival, plays a key role in reg-
ulating the immune response to infection [27]. Incorrect reg-
ulation of NF-xB has been linked to cancer and inflammation.
The present study found that SIN repressed the p-p38 and
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p-p65 expression induced by CFA. Moreover, Cox-2 and PGE2,
which play important roles in inflammation regulation, were
also assessed in our study. The results show that compared
with the control groups, Cox-2 and PGE2 levels were signifi-
cantly higher in CFA-treated rats, and that SIN treatment can
inhibit the expression of COX-2 and PGE2 in IP rats.

Taken together, our results indicate that SIN presents a pro-
tective role in inflammatory pain induced by CFA in rats
through inhibiting inflammatory mediators via suppressing
the p38MAPK-NF-xB pathway, providing a more theoretical
basis for inflammatory pain treatment.

Conclusions

Our data suggest that SIN plays a protective role in inflamma-
tory pain through inhibiting inflammatory mediators produc-
tion via repressing the p38MAPK-NF-kB pathway. SIN may be
a promising drug for inflammatory pain treatment.
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