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acupuncture on collagen-induced arthritis through
the NF-kB and MAPK signaling pathway
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Abstract. Sinomenine is a monomer extracted from the
traditional Chinese medicine plant Sabia japonica, which
possesses several pharmacological properties including
prominent abirritation, mitigation, anti-inflammation, immune
suppression, cough relief, stimulation of histamine release,
decrease in blood pressure and antiarrhythmia. Sinomenine
is clinically employed to treat rheumatic disease. To inves-
tigate the impact of combined sinomenine treatment with
acupuncture on the progression of arthritis and explore the
potential underlying molecular mechanisms, the present study
analyzed a collagen-induced arthritis model. Results from the
combined curative (CC) treatment group (combined treatment
with sinomenine and acupuncture) demonstrated a decrease in
volume changes and arthritis score changes within rat paws,
and increased the overall body weight in arthritic rats. CC
treatment significantly decreased tumor necrosis factor a,
interleukin (IL)-6, IL-1f3 and IL-8 serum levels in arthritic rats.
CC treatment significantly increased superoxide dismutase
and inhibited malondialdehyde levels in arthritic rats. The
protein expression of cyclooxygenase-2, inducible nitric oxide
synthase, matrix metalloproteinase (MMP)2 and MMP9 in
arthritic rats was suppressed owing to CC treatment. Finally,
nuclear factor kB and phosphorylated p38 mitogen-activated
protein kinase (MAPK) protein expression in arthritic rats
were also suppressed following CC treatment. The results
indicate that the combined treatment of sinomenine and
acupuncture on collagen-induced arthritis takes effect through
the nuclear factor kB and MAPK signaling pathway.
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Introduction

Rheumatoid arthritis (RA) is an autoimmune condition charac-
terized by chronic inflammation due to the host's own immune
system attacking joints across the body (1). Inflammation or
damage of peripheral tissues experienced in RA may lead to a
series of alterations in the spinal cord (2). As RA progresses to
an advanced stage, damaged articular tissue and arthromenin-
gitis are able to activate peripheral silent nociceptors (2). This
causes continuous and intense silent signals to be sent to the
central nervous system for modulation and integration, leading
to the stimulation of excitatory amino acids within the spinal
cord, inducing the production and secretion of cytokines (3).
Furthermore, the continuous excitability of spinal cord noci-
ceptive neurons may be enhanced (3).

Nuclear factor-kB (NF-kB), a nuclear transcription factor
in eukaryotes, is able to bind to nucleotide sequences in
promoter regions to activate genetic transcription, which may
serve a critical regulatory function in the genetic expres-
sion of a number of genes, particularly inflammatory or
immunoreaction-related genes (4). Activated NF-«B is able to
combine with specific kB sequences in gene promoter regions
of inflammatory factors and participate in genetic transcrip-
tion of tumor necrosis factor o (TNF-a), interleukin (IL)-1,
1L-2, IL-6, IL-8, IL18, intercellular cell adhesion molecule-1
(ICAM-1), COX-2 and nitric oxide synthase (NOS). Within
the nervous system, functional NF-xB exists in many types of
neural cell, including neurons, astrocytes, microglial cells and
oligodendrocytes, and participates in the regulation of nerve
cell apoptosis and, on a symptomatic level, aching following
nerve injury or an inflammatory response (5).

Mitogen-activated protein kinase (MAPK) is a key
molecular signaling pathway in eukaryotes and serves an
essential function in regulating cellular structure and func-
tional activities (6). In eukaryotes, the MAPK signaling
channel contains several subfamilies including p38, extra-
cellular-signal-regulated kinase (ERK), c-Jun N-terminal
kinase (JNK) and ERKS5 (6). A previous study demonstrated
that the p38, ERK and JNK signal transduction pathways
had a marked association with cartilage injury identified in
RA (7). These signaling pathways are able to induce cartilage
cells to produce matrix metalloproteinase (MMP), accelerate
the pathological degradation of cartilago articularis and also
mediate a series of responses, including the proliferation,
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apoptosis and differentiation of chondrocytes (8). Clarification
of the underlying molecular mechanisms of the MAPK
signaling pathway in the occurrence and progression of RA is
required in future study.

Traditional Chinese medicine asserts that the majority of
middle-aged and elderly individuals with knee osteoarthritis
are caused by the deficiency of liver and kidney function,
insufficiency of vital energy, and blood, tendon and vessel
malnutrition (9). Sinomenine is one monomer of Chinese tradi-
tional herbs and may possess anti-inflammation, anti-oxidation
and anti-apoptosis effects (10). Acupuncture is an important
therapy used in complementary and alternative medicine, and
may exert anti-inflammatory effects (11). Acupuncture targets
specific acupoints to improve the body microenvironment and
thus effectively treat certain diseases (12,13).

Therefore, the present study investigated the combined
treatment of sinomenine and acupuncture on collagen-induced
arthritis.

Materials and methods

Animal experimentation. Protocols followed in the present
study were approved by the Animal Care and Use Committee
[Chongqing TCM (No. 1) Hospital, Chongqing, China].
Male Sprague-Dawley rats (160+10 g) were purchased from
the Experimental Animal Center of Chongqing Medical
University (Chongqing, China) and maintained at 22+1°C and
55+5% humidity under a 12-h light/12-h dark cycle with free
access to a standard pellet diet and tap water.

Induction of collagen-induced arthritis and grouping of
data. All rats (n=50) were randomly assigned to 5 groups
(10 per group): Control, model, acupuncture treatment group,
sinomenine treatment group, and combined acupuncture
and sinomenine treatment group. Collagen-induced arthritic
rats were subcutaneously injected with 100 ul bovine type II
collagen (Merck KGaA, Darmstadt, Germany). Rats which
developed arthritis following collagen injection at 25 days
were used in the present study. Within the acupuncture treat-
ment group, acupuncture was performed on arthritic rats at the
acupoints of Baihui and Yintang each day for 19 days. Within
the sinomenine treatment group, 50 mg/kg sinomenine was
gavaged into each arthritic rat every 2 days for 19 days. In the
combined acupuncture and sinomenine group, acupuncture
treatment and 50 mg/kg sinomenine was gavaged into each
arthritic rat every 2 days for 19 days. In control and model
groups, the normal rats or collagen-induced arthritis rats were
treated with normal saline.

Evaluation of collagen-induced arthritis. Paw length and
overall body weight for each rat were measured using vernier
calipers every 2 days. Arthritis score was calculated as follows:
0, unaffected; 1, 1 type of joint affected; 2, 2 types of joint
affected; 3, 3 types of joint affected; and 4, 3 types of joint
affected plus maximal erythema and swelling (14).

Determination of serum cytokine levels. Following the 19-day
treatment regime, rats were anesthetized with 40 mg/kg
ketamine and 5 mg/kg xylazine, blood samples were collected
using an orbital blood sampling protocol (14), and then rats were
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sacrificed. Serum samples were prepared following centrifuga-
tion at 1,800 x g for 15 min at 4°C. Serum levels of TNF-a (cat
no. HO52), IL-1f (cat no. H002), IL-6 (cat no. H007), IL-8 (cat
no. HOO8), superoxide dismutase (cat no. AO0O1-3), malondial-
dehyde (cat no. A003-1), MMP2 (cat no. H146-1) and MMP9
(cat no. H146-4) were determined using commercial ELISA
kits (Nanjing Jiancheng Bioengineering Institute, Nanjing,
China), according to the manufacturer's protocol.

Western blot analysis. Following homogenization of each
synovial tissue sample, total protein was extracted using
radioimmunoprecipitation assay buffer on ice for 30-60 min
and determined using a bicinchoninic acid assay kit. Total
protein (50-100 ug) was separated by SDS-PAGE (8-10%
gel) and then transferred onto polyvinylidene difluoride
membranes (Bio-Rad Laboratories, Inc., Hercules, CA, USA).
Membranes were blocked with 5% skimmed milk powder
in tris-buffered saline with 0.1% Tween 20 for 1 h at 37 °C
and incubated with primary antibodies against COX-2 (cat
no., sc-7951, 1:500), inducible nitric oxide synthase (iNOS,
cat no., sc-649, 1:500), NF-xB (cat no., sc-109, 1:500),
phosphorylated p38 (cat no., sc-7975-R, 1:200) and GAPDH
(cat no., sc-25778, 1:3,000) overnight at 4°C. All primary
antibodies were purchased from Santa Cruz Biotechnology,
Inc. (Dallas, TX, USA). Horseradish peroxidase-conjugated
goat anti-rabbit IgG secondary antibodY (cat no., sc-2030,
1:5,000; Santa Cruz Biotechnology, Inc.) was incubated with
the membranes for 1 h at 37°C. Protein blanks were visual-
ized using an enhanced chemiluminescence detection reagent
(Bio-Rad Laboratories, Inc.), determined using a ChemiDoc
XRS gel imaging system (Bio-Rad Laboratories, Inc.), and
analyzed using Quantity One software (version 3.0; Bio-Rad
Laboratories, Inc.).

Statistical analysis. All data are presented as the
mean + standard deviation and evaluated using one-way
analysis of variance followed by Dunnett's test. P<0.05 was
considered to indicate a statistically significant difference.

Results

Combined curative (CC) treatment affects volume changes
in collagen-induced arthritis. Results demonstrated that
volume changes within the collagen-induced arthritis model
group were greater compared with those of the control group
(Fig. 1). Treatment with acupuncture or sinomenine signifi-
cantly inhibited volume changes in collagen-induced arthritis
model compared with the control group (Fig. 1); however, the
CC treatment (acupuncture with sinomenine) significantly
inhibited volume changes in collagen-induced arthritis
compared with those of the acupuncture or sinomenine treat-
ment groups (Fig. 1).

CC treatment affects arthritis score changes in collagen-
induced arthritis. Results demonstrated that CC treatment
affects the arthritis score in collagen-induced arthritis. Fig. 2
demonstrates that the arthritis score of the collagen-induced
arthritis model group was increased compared with that of
the control group. Treatment with acupuncture or sinomenine
significantly decreased the arthritis score in arthritic rats
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compared with that of the collagen-induced arthritis model
group (Fig. 2). Results demonstrated that the CC treatment
decreased the arthritis score in collagen-induced arthritic
rabbits compared with that of the collagen-induced arthritis
model group (Fig. 2).

CC treatment affects body weights in collagen-induced
arthritis. Results in Fig. 3 demonstrated that the overall
body weight of collagen-induced arthritic rats was decreased
compared with that of the control group. Treatment with
acupuncture or sinomenine also led to a significant increase in
body weight in collagen-induced arthritic rats compared with
that in the collagen-induced arthritis model group (Fig. 3).
Furthermore, overall body weights within the CC treatment
group were increased compared with those of the acupuncture
or sinomenine treatment groups; however, results were not
statistically significant (Fig. 3).

CC treatment affects TNF-a., IL-6, IL-1p and IL-8 serum levels
in collagen-induced arthritis. Anti-inflammatory effects of
CC treatment in collagen-induced arthritis were determined.
Fig. 4 presents the significant increase in TNF-a, IL-6, IL-1p
and IL-8 serum levels in collagen-induced arthritic rabbits
compared with those of the control group. However, TNF-a,
IL-6, IL-1p and IL-8 serum levels increases were lessened
by acupuncture or sinomenine treatment compared with the
model group (Fig. 4). The CC treatment markedly reduced
TNF-a, IL-6,IL-1p and IL-8 serum levels in collagen-induced
arthritic rabbits compared with those in the acupuncture or
sinomenine group (Fig. 4).

CC treatment affects SOD and MDA serum levels in
collagen-induced arthritis. Anti-inflammatory effects of the
CC treatment on oxidative stress in collagen-induced arthritic
rabbits was investigated. Compared with the control group,
SOD serum level inhibition and MDA serum level induction
were observed in collagen-induced arthritic rabbits (Fig. 5).
Treatment with acupuncture or sinomenine significantly
increased SOD serum level inhibition and reduced MDA
serum level induction in collagen-induced arthritic rabbits
compared with that in the model group (Fig. 5). The CC
treatment significantly reversed SOD serum level inhibition
and MDA serum level induction in collagen-induced arthritic
rabbits compared with that in the acupuncture or sinomenine

group (Fig. 5).

CC treatment affects COX-2,iNOS, NF-xB and p-p38 protein
expression in collagen-induced arthritis. The CC treatment
affected COX-2,iNOS, NF-«kB and p-p38 protein expression in
collagen-induced arthritis. The results demonstrated in Fig. 6
demonstrated that COX-2, iNOS, NF-kB and p-p38 protein
expression was significantly increased in the collagen-induced
arthritis model group compared with that in the control
group. Acupuncture or sinomenine treatment significantly
decreased COX-2, iNOS, NF-xB and p-p38 protein expres-
sion in collagen-induced arthritic rabbits compared with that
in the collagen-induced arthritis model group (Fig. 6). CC
treatment significantly decreased COX-2 protein expression
in collagen-induced arthritic rabbits compared with that in
the acupuncture or sinomenine treatment group (Fig. 6).
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Figure 1. Combined (Acu and Sin) curative treatment affects volume changes
in collagen-induced arthritis. “P<0.01 vs. control group, “P<0.01 vs. arthritis
model group; “P<0.01 vs. Acu treatment group. Acu, acupuncture; Sin,
sinomenine.
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Figure 2. Combined (Acu and Sin) curative treatment affects arthritis score
changes in collagen-induced arthritis. “P<0.01 vs. control group; “P<0.01 vs.
arthritis model group; “P<0.01 vs. Acu treatment group. Acu, acupuncture;
Sin, sinomenine.
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Figure 3. Combined (Acu and Sin) curative treatment affects body weight in
collagen-induced arthritis. “P<0.01 vs. control group; “P<0.01 vs. arthritis
model group. Acu, acupuncture; Sin, sinomenine.

CC treatment affects MMP2 and MMP9 contents in
collagen-induced arthritis. ELISA was utilized in order to
unambiguously investigate the effects of the CC treatment
on MMP2 and MMP?9 levels in collagen-induced arthritis.
Acupuncture or sinomenine treatment significantly decreased
MMP2 and MMP9 contents in collagen-induced arthritis
rats compared with those in the collagen-induced arthritis
model group (Fig. 7). CC treatment significantly decreased
MMP2 and MMP9 levels in collagen-induced arthritic rats
compared with those in the acupuncture or the sinomenine
treatment group (Fig. 7). Results in Fig. 7 demonstrate that
MMP2 and MMP9 levels in the collagen-induced arthritis
model group were increased compared with those in the
control group.

Discussion

RA is characterized by fibrosis, rhagades, anabrosis and the
progressive destruction of the cartilago articularis, formation
of osteophytes within the joint margin and synovial inflam-
mation (15). RA is the primary cause of joint disability in
middle-aged and aged individuals. As the aging population
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on (A) SOD and (B) MDA serum levels in collagen-induced arthritis. ™

P<0.01 vs. control group, "P<0.01 vs. arthritis model group,”P<0.01 vs. arthritis model
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within China increases, the morbidity of RA also increases
annually (15,16). As a result, RA has attracted extensive
attention. Currently, RA therapy is insufficient in preventing
disease progression, eventually resulting in severe malforma-
tion in the functioning of the joints (16). In order to produce
effective RA treatment, the underlying molecular mecha-
nisms require elucidation. Despite previous studies outlining
potential RA risk factors, including senility, obesity, inflam-
mation, trauma and genetic factors, the underlying molecular
pathogenesis of RA remains unclear (16). Results of the
present study demonstrated that CC treatment inhibited
volume change decreases and decreased the arthritis score
in the paws of rats, and also increased overall body weight
in arthritic rats.

Evidence suggests that synovial inflammation serves an
important function in RA disease progression (17). Early-stage
RA exhibits hypertrophic synovium and fibrosis of the joints,
secretion of inflammatory cytokines and the presence of
cartilage matrix-degrading enzymes (17). In a previous study
carried out on patients with RA, arthroscopy was utilized
following a 1-year follow-up visit and demonstrated that
hypertrophic synovium and changes in inflammation were
increased by 50%, with an increase in articular cartilage
injury also evident (18). Therefore, synovial inflammation is

considered to be a predictive factor of the exacerbation of the
degeneration of articular cartilage in RA.

The stimulation of IL-1$ was able to induce the increase
in MMP-2 expression in fibroblast-like synovial cells of
rheumatoid arthritis (19). Evidence suggests that the synthesis
and secretion of IL-15 in synovial cells of RA is able to
activate and stimulate T-lymphocytes and therefore secrete
pro-inflammatory cytokines in vitro. These pro-inflammatory
cytokines are able to stimulate synoviocytes to express IL-15,
IL-8 and IL-6 and induce a positive feedback regulatory
pathway (20). Activated T-lymphocytes are also able to act on
synoviocytes through the secretion of IL-17, and stimulation of
IL-8 and IL-6 expression (21). The present study demosntrates
that CC treatment markedly inhibited TNF-a, IL-6, IL-1f3 and
IL-8 serum levels, and COX-2 and iNOS protein expression in
collagen-induced arthritis rats compared with acupuncture or
sinomenine treatment alone.

NF-kB is a key molecule in the Toll-like receptor
4 (TLR4) signal transduction pathway (22). Several
programmed cells that serve a function in inflamma-
tion, immune response, cell apoptosis, tumorigenesis and
tumor metastasis are regulated by NF-kB (23). Therefore,
developing therapies that specifically target NF-xB in RA
is of primary importance due to the hypothesis that the
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destruction associated with RA may be decreased through
the suppression of NF-kB activity (23).

The TLR4 signaling pathway may also promote the expres-
sion of synovioblasts in knee osteoarthritis (22). NF-xB has
been associated with a regulatory effect on osteopontin in
arthritis (22). Results of the present study demonstrate that
CC treatment also inhibited NF-kB protein expression in
collagen-induced arthritic rats. Results of the present study
demonstrate that CC treatment also inhibited NF-xB protein
expression in collagen-induced arthritic rats. Zhao er al (24)
demonstrated that sinomenine inhibits the maturation of
monocyte-derived dendritic cells through NF-kB expression.
Furthermore, Zhang et al (25) demonstrated that acupuncture
decreased NF-kB p65 expression in chronic atrophic rats with
gastritis.

P<0.01 vs. control group; “P<0.01 vs. arthritis model group, “"P<0.01 compared with

Chondrocytes synthesize cartilage matrix and serve an
essential function in sustaining the normal structure and
function of the cartilago articularis. When chondrocytes are
stimulated by inflammatory (including TNF-a, IL-6, IL-1§
and IL-8) and mechanical stress, they transmit signals to
transcription factors through signal transduction pathways
and regulate pathophysiological processes including the
production, reconstruction, stability and repair of bone (26).
The MAPK signaling pathway is the most important signal
transduction system in mediating cartilage injury observed
in RA (7). A recent study suggested that a key pathological
change in RA was the degenerative degradation of the
extracellular matrix (ECM), resulting in the progressive
loss of cartilage elements, and degeneration of the structure
and function of chondrocytes (27). In RA inflammatory and
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growth factors combine with receptors on the cytomem-
brane to activate the MAPK signal transduction pathway,
leading to an increase in MMP expression, apoptosis of
chondrocytes and cartilage destruction (28). Furthermore,
MMPs are essential in RA disease progression as these
molecules degrade the vast majority of cartilage ECM
within the cartilago articularis (29). In particular, MMP2,
MMP3 and MMPI13 are the primary proteinases respon-
sible for the acceleration of ECM degradation in RA (30).
Therefore, repression of MMP2 and MMPO expression may
be a potential therapeutic strategy for RA in the future (30).
Results of the present study indicated that CC treatment
significantly suppressed p-p38 protein expression, and
MMP2/MMPO levels in collagen-induced arthritic rabbits
when compared with acupuncture or sinomenine treat-
ment alone. Fu et al (30) demonstrated that acupuncture
promotes angiogenesis following myocardial ischemia
through p38-MAPK expression.

In conclusion, in the present study, CC treatment inhibited
volume changes and arthritis score changes within rat paws,
increased overall body weight, and suppressed inflamma-
tion, oxidative stress, and COX-2, iNOS, MMP2 and MMP9
expression in arthritic rats through the NF-xB and MAPK
signaling pathways. Further studies are required to validate
the results generated from the present study, and therefore
provide an evidence base for the future use of combined
therapy (sinomenine and acupuncture) in the treatment of RA.
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