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Abstract. Shuangtengbitong tincture (STBT), a clinical 
prescription from the Fujian University of Traditional 
Chinese Medicine (TCM) Affiliated People's Hospital 
(Fuzhou, China), has been used in the treatment of rheuma-
toid arthritis (RA) for ~10 years. The aim of the current study 
was to confirm the anti‑RA effect of STBT and to evaluate 
the potential mechanisms underlying collagen-induced 
arthritis (CIA) in rats. CIA model Wistar rats were induced 
with bovine type II collagen. The rats were immunized with 
CIA and were treated with STBT (0.5 and 2 ml/injection) 
and votalin (~1 cm/injection) continuously for ~1 month. 
Following treatment, the pathological sections of CIA rat 
joints were observed by hematoxylin and eosin staining, 
expression of toll-like receptor-4 (TLR4), myeloid differen-
tiation factor 88 (MyD88) and nuclear transcription factor-κB 
(NF-κB) were investigated by western blot analysis and 
reverse transcription-polymerase chain reaction (RT-PCR) 
analysis. Following treatment, STBT significantly suppressed 
paw swelling (P<0.05) compared with the model group and 
increased body weight. STBT also reversed pathological 
changes, STBT‑treated rats showed a significant improve-
ment of synovial hyperplasia, inflammatory infiltration, 
and cartilage and bone destruction. The levels of protein 
and mRNA expression of TLR4, MyD88 and NF-κB were 
markedly suppressed in the synovial tissue of STBT- and 
votalin-treated rats. In addition, STBT showed marked 
inhibition of the levels of protein and mRNA expression 

of TLR4, MyD88 and NF-κB at an STBT volume ranging 
between 1 and 4 ml/day, indicating that the inhibition was 
volume dependent. These results show that STBT inhibits 
CIA and may be correlated with TLR4, MyD88 and NF-κB 
expression.

Introduction

Rheumatoid arthritis (RA) is a systemic autoimmune disease, 
which is prevalent in 0.5-1% of the world's population (1). RA 
is chronic and may lead to joint damage, synovial membrane 
destruction, and cartilage and bone damage (2,3). RA is an 
incurable disease that seriously impacts human physical and 
mental health (4). RA and the side effects of RA therapeutic 
agents may induce complications, including cardiovascular, 
communicable, blood, gastrointestinal and lung diseases (5). 
In addition, RA is accompanied by long duration, high treat-
ment costs and high disability or mortality rate, which affects 
the quality of life of patients (6). At present, the etiology and 
pathogenesis of RA remains poorly understood; however, 
numerous pathways have been observed to contribute. The 
toll-like receptor (TLR) signal transduction pathway is 
considered to be an important pathway in the pathogenesis 
of RA. TLR family members are receptors involved in the 
immune system and microbial identification; they mediate 
the innate immune reaction and activate the acquired immune 
response. In addition, TLR4 has been shown to be impor-
tant in autoimmune diseases, particularly in RA (7,8). The 
correlation between TLR4 and nonbiological inflammatory 
injury has previously been shown (9-11). It is hypothesized 
that injured tissue and necrotic cells release endogenous 
activators, termed adjuvants. These activators bind to TLR4 
on the cell membrane. MyD88, an adapter protein of TLR, 
is located in the cell and is the key signaling molecule in 
the signal transduction pathway. When cells are stimulated 
by an extracellular signal, nuclear transcription factor-κB 
(NF-κB) is activated, which promotes the transcription of 
a number of genes and the release of series a cytokines, 
resulting in inflammation (12‑15) through the signaling 
cascade. Activated cells may also induce specific immunity 
to increase the self-protection ability of the organism. An 
excessive inflammatory reaction may also damage target 
cells and tissue. Thus, the effects of NF-κB in the incidence 
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and treatment of RA has been an area of interest in studies 
concerning rheumatism.

Traditional Chinese medicines (TCM) have been observed 
to be clinically effective and are the most prevalent treatment 
for RA in a number of Asian countries. RA is similar to Bi 
Zheng in TCM theory, which is defined as a characteristic 
syndrome of numbness and weakness, bone pain, joint stiff-
ness and deformation, and dyskinesia (16). In TCM, it is 
generally considered that Bi Zheng occurs due to attack of 
the meridians of the limbs by exogenous wind, dampness and 
heat or cold pathogens (16,17). Traditional Chinese herbal 
prescriptions have long been employed for the treatment of 
RA, pain-relief, anti‑inflammation and/or as immunomodula-
tory therapies (18,19). Traditional Chinese herbal prescriptions 
contain a number of herbs and collectively exert therapeutic 
and modulatory effects (20). These formulae have been 
demonstrated in numerous basic and clinical studies (3,21,22).

STBT (Min drug system approval no. Z20111008; patent 
no. 201110347820.4) has been used as a clinical prescription 
for ~10 years and has become a standard hospital prescrip-
tion at Fujian University of TCM Affiliated People's Hospital 
(Fuzhou, China). However, pharmacological studies have 
not yet been conducted and the underlying mechanisms of 
STBT remain to be fully elucidated. In the present study, the 
rat CIA model, a widely used experimental model of human 
RA, was used to investigate the effects of STBT on acute 
arthritis and chronic joint damage, and the potential mecha-
nisms associated with the TLR signal transduction pathway.

Materials and methods

Materials and animals. A Dionex Ultimate 3000 liquid chro-
matography equipped with DAD detector was purchased from 
Dionex Ltd. (Sunnyvale, CA, USA); a KQ-500DE ultrasonic 
clearing machine was purchased from Kunshan Ultrasonic 
Instruments Co., Ltd. (Kunshan, China); a XS105 elec-
tronic analytical balance was obtained from Mettler-Toledo 
Instruments (Shanghai) Co., Ltd. (Shanghai, China); and the 
YLS-7B toe volume measuring instrument was purchased 
from Yi Yan Technology Development Co., Ltd. (Jinan, China).

Acetonitrile was of chromatographic grade and was 
used for high-performance liquid chromatography (HPLC). 
Reverse osmosis Milli-Q water (18 ΩM; Millipore, Bedford, 
MA, USA) was used throughout the study. All other 
chemical solvents in the study were at least of analytical 
reagent grade. Complete Freund's adjuvant (CFA) and type Ⅱ 
collagen were purchased from Sigma-Alrdich (St. Louis, 
MO, USA). TRIzol reagent was purchased from Invitrogen 
Life Technologies (Carlsbad, CA, USA) and SuperScript II 
reverse transcriptase was provided by Promega Corporation 
(Madison, WI, USA). TLR4, MyD88 and NF-κB primary 
antibodies and horseradish peroxidase (HRP)-conjugated 
secondary antibodies were purchased from Cell Signaling 
Technology Inc. (Beverly, MA, USA). All other chemicals 
used, unless otherwise stated, were obtained from commer-
cial sources.

Specific pathogen-free (SPF) Wistar male rats (n=50; 
weight, 180-220 g) were provided by the Animal Care and Use 
Committee of Fujian University of TCM and were purchased 
from Shanghai Slac Laboratory Animal Co., Ltd. (Shanghai, 

China; license no. 200700518360). Animals were housed under 
controlled temperature (21-23˚C), relative humidity 55±5%, 
and a 12-h light/dark cycle, and had access to standard rat 
chow and tap water ad libitum. All animal experiments were 
conducted in accordance with international Ethical Guidelines 
and the National Institutes of Health Guide concerning the 
Care and Use of Laboratory Animals.

Methods
Preparation of STBT. STBT is a mixture of four traditional 
drugs. The drugs were provided by Fujian University of 
TCM Affiliated People's Hospital and verified by Wei Lu 
(Pharmacy College of Fujian University of TCM). The 
voucher specimens were deposited from the Pharmacy 
College of Fujian University of TCM. STBT was prepared 
according to the preparation of the STBT hospital prescrip-
tion of Fujian University of TCM Affiliated People's Hospital. 
Tripterygium wilfordii Hook.f., Sinomenium acutum Rehd. et 
Wils, Dioscorea  ipponica Makino and Glycyrrhiza uralensis 
Fisch. were crushed into a coarse powder, mixed and steeped 
in 10X 80% ethanol. Following 48 h of slow percolation of 
the extract, the fluid from the percolation was collected and 
filtrated. Finally, the fluid was adjusted to 10 g/ml (original 
medicinal materials/volume).

The prepared STBT was processed as previously 
described (23) and was filtrated through a 0.45 µm micropo-
rous membrane and injected into the liquid chromatograph. 
Major peaks were identified as the marker compounds (Fig. 1).

CIA modeling and drug administration. Wistar rats (n=50) 
were randomly divided into five groups (n=10 per group); 
control; model; votalin ointment, an accepted control medi-
cine clinically used to treat RA (~1 cm/time); STBT low-dose 
(0.5 ml/time) and STBT high-dose groups (2 ml/time). 
Collagen (2 mg/ml) was emulsified with an equal volume of 
CFA to a final concentration of 0.1 mg/ml. In addition to the 
control group, 0.2 mg collagen emulsion was injected into 
the tail root of each rat by intradermal injection. Provocation 
testing was performed after 7 days using similar methods. 
Drugs were administered once daily 1 day following primary 
immunization. In the STBT low- and high-dose groups, STBT 
was sprayed onto the back of rats whose hair had been shaved 
twice daily. The area of the back where the drug was admin-
istered measured 3 x 3 cm. The votalin ointment group were 

Figure 1. HPLC profile of target analytes in the STBT sample. Inset: HPLC 
profile of target analytes standard mixture. 1, triptolide; 2, sinomenine. 
HPLC, high-performance liquid chromatography; STBT, shuangtengbitong 
tincture.
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administered votalin ointment in the same method as STBT. 
The control and model groups did not receive any treatment. 
All animals were treated for 35 days continuously.

Evaluation of paw swelling and body weight. A volume 
method was used to measure the paw volume of rats (24). The 
paw volume prior to modeling was measured initially and 
then 11 days following the primary immunization, the paw 
volume of each rat was measured every 4 days. Swelling was 
expressed by the volume difference (ml) prior to and following 
modeling. The body weight of the rats was measured using 
an SE402F electronic scale [Ohaus Instruments (Shanghai) 
Co., Ltd., Shanghai, China] every 3 days from the primary 
immunization.

Histopathological examination. Following the termination 
of the experiment, rats were anesthetized and the right hind 
knee was removed and fixed in 4% neutral buffered formalin 
for 24 h. Following decalcification with 12.5% EDTA (pH 7.0) 
for ~20 days, the right hind knee was paraffin-embedded, 
sectioned at a 5-mm thickness and stained with hematoxylin 
and eosin.

Western blot analysis. Synovial tissue was extracted from the 
hind paws of the rats and were homogenized with nondena-
turing lysis buffer and centrifuged at 4˚C at 12,000 x g for 
~15 min. The supernatants were denatured with protein 
loading buffer following the determination of the protein 
concentration. Protein (45 µg) was resolved on 12% sodium 
dodecyl sulfate-polyacrylamide gel, blotted onto a polyvi-
nylidene fluoride (PVDF) membrane and blocked for 2 h with 
5% skimmed milk in Tris-buffered saline with Tween 20. 
Membranes were incubated with the desired primary antibody 
against TLR4, MyD88, NF-κB or β-actin with a dilution 
of 1:1,000 overnight at 4˚C and then with the appropriate 
HRP-conjugated secondary antibody for 50 min. Following 
washing, the membranes were visualized by enhanced chemi-
luminescence detection.

RNA extraction and reverse transcription‑polymerase chain 
reaction (RT‑PCR) analysis. Total RNA was extracted from 
the synovial tissue of rats with TRIzol reagent. Total 
RNA (2 µg) was reverse‑transcribed to cDNA and used to 
determine the mRNA levels of TLR4, MyD88 and NF-κB by 
PCR with Taq DNA polymerase (Fermentas, Rockford, IL, 
USA). PCR was performed under the following conditions: 
Initial denaturation at 95˚C for 3 min, denaturation for 30 sec 
at 95˚C, extension at 72˚C for 45 sec and amplification for 
35 cycles. The annealing temperature was 62.8˚C for TRL4, 
65.5˚C for MyD88 and 60˚C for NF-κB. Primers for TLR4, 
MyD88 and N F-κB were as  fol lows:  Forward: 
5'-ATGCCAGGATGATGCCTCTCTTGCA-3' and reverse: 
5'-TTCACACCTGGATAAATCCAGCCAC-3' for TLR4; 
forward: 5'-AGTTGCTAGCCTTGTTAGACC GTGAGG-3' 
and reverse: 5'-AAACAACCACCACCATGCGACGACACC-3' 
for MyD88; forward: 5'-GCGCAT CCAGACCAACAATAAC-3' 
and reverse: 5'-GCCGAA GCTGCATGGACACT-3' for 
NF-κB; and forward, 5'-GTCATCCATGACAACTTTGG-3' 
and reverse, 5'-GAGCTTGACAAAGTGGTCGT-3' for glycer-
aldehyde 3-phosphate dehydrogenase (GAPDH). GAPDH 

served as an internal control. All experiments were performed 
according to the manufacturer's instructions. Samples were 
analyzed by gel electrophoresis (1.5% agarose) and the DNA 
bands were examined in a Gel Documentation System (Model 
Gel Doc 2000; Bio-Rad, Hercules, CA, USA).

Statistical analysis. Results are expressed as the mean ± SD. 
Analysis of variance was used to determine significant 
differences between groups using SPSS Software (SPSS Inc, 
Chicago, IL, USA). P<0.05 and P<0.01 were considered to 
indicate a statistically significant difference.

Results

Effect of STBT on symptoms of CIA. Paw and knee joint 
swelling was an external objective indicator for evaluating 
the severity of inflammation in the RA model. This was 
monitored by an independent examiner who did not have 
prior knowledge of the experimental groups. The changes 
of paw swelling and body weight are presented in Tables I 
and II. Approximately three days after the second immuniza-
tion, the rat knee joints began to swell and over time, the joint 
and paw size increased. Paw and knee joint volume increased 
and reached a maximum on ~day 18. The groups receiving 
votalin ointment and high‑dose STBT showed significant 
inhibition (P<0.01), compared with the model group. The 
body weight of the control group linearly increased, but the 
model group only increased 13 days prior to the generation 
of swelling and then decreased, particularly between the 13th 
and 16th day.

Effects of STBT on histopathological changes. Representative 
histopathological lesions in the hind knee joint of control, 
model, votalin ointment, STBT low- and high-dose groups 
are shown in Fig. 2. Synovium hyperplasia, disorganized 
arrangement, infiltration of inflammatory cells, cartilage 
destruction, bone destruction, a number of small blood 
vessels and pannus formation were observed in the model 
group. Histopatholgical changes were ameliorated in the 
treated groups to a different extent. The STBT high-dose 
group showed a significant improvement. This group exhib-
ited only mild synovium proliferation, regular order of the 
cell morphology, infiltration of a small number of inflam-
matory cells, no typical pannus formation, the surface of the 
cartilage was smooth and there was no marked damage in 
cartilage and bone erosion.

Effect of STBT on the protein expression of TLR4, MyD88 
and NF‑κB. As shown in Fig. 3, the synovial level of TLR4, 
MyD88 and NF-κB protein expression significantly increased 
in the model compared with the control group. Compared with 
the model group, treatment with STBT decreased the synovial 
levels of TLR4, MyD88 and NF-κB protein expression, particu-
larly in the high-dose STBT group. The STBT high-dose group 
showed significant downregulation of TLR4, MyD88 and 
NF-κB protein expression (P<0.01) and the STBT low-dose 
group exhibited no marked effect on protein expression.

Effect of STBT on the levels of TLR4, MyD88 and NF‑κB 
mRNA. The results of the RT-PCR assay (Fig. 4) showed that 
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Figure 3. Effect of STBT on the protein expression of TLR4, MyD88 and 
NF-κB. Levels of TLR4, MyD88 and NF-κB in synovial tissues were 
determined by western blot analysis. β-actin was used as the internal con-
trol. STBT, shuangtengbitong tincture; TLR4, toll-like receptor-4; MyD88, 
myeloid differentiation factor 88; NF-κB, nuclear transcription factor-κB.

Table III. Composition of STBT.

 Botanical
Pharmaceutical name source/genus Part used Traditional actions/uses Quantity (g)

Tripterygium wilfordii Hook.f. Tripterygium Root Dispels wind and eliminate dampness; 30
   dredges collaterals and relieves pain;
   reduces swelling and eases pain
Sinomenium acutum Rehd. et Wils Sinomenium Rattan Removes wind-dampness and 25
   relieves pain, passes the meridian
   and increases urination
Dioscorea nipponica Makino Dioscorea Root and rhizome Dispels wind and eliminates 25
   dampness; dredges collaterals and
   passes the meridian; promotes blood
   circulation and relieves pain
Glycyrrhiza uralensis Fisch. Glycyrrhiza Root and rhizome Nourish Qi, alleviates pain, eliminates 15
   phlegm, stops coughing,
   regulates temperature and detoxifies

STBT, shuangtengbitong tincture.

Figure 2. Effect of STBT on histological changes in CIA rats. Representative lesions using hematoxylin and eosin staining of rat hind knee joints were shown. 
(A) Control group; (B) model group; (C) votalin ointment group; (D) STBT low-dose group and (E) STBT high-dose group. STBT, shuangtengbitong tincture; 
CIA, collagen-induced arthritis.

Figure 4. Effect of STBT on the mRNA expression of TLR4, MyD88 and 
NF-κB. Levels of TLR4, MyD88 and NF-κB in synovial tissues were deter-
mined by RT-PCR analysis. GAPDH was used as the internal control. STBT, 
shuangtengbitong tincture; TLR4, toll-like receptor-4; MyD88, myeloid 
differentiation factor 88; NF-κB, nuclear transcription factor-κB; RT-PCR, 
reverse transcription-polymerase chain reaction. GAPDH, glyceraldehyde 
3-phosphate dehydrogenase.
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the mRNA levels of TLR4, MyD88 and NF-κB in the model 
group was significantly increased compared with those in 
the control group (P<0.05). However, the mRNA levels were 
decreased following treatment with votalin ointment or various 
doses of STBT compared with the model group.

Discussion

STBT consists of four components, Tripterygium wilfordii 
Ho ok. f. ,  S i n o m e n iu m a c u t u m  Rehd.  e t  Wi l s , 
Dioscorea nipponica Makino and Glycyrrhiza uralensis 
Fisch (Table I I I). In STBT, the off icinal par t of 
Tripterygium wilfordii Hook.f. is the root. Its TCM proper-
ties are that it is bitter and acrid in taste, cool in nature and 
extremely toxic. It is associated with the liver and kidney 
channels. Its efficacies are dispeling wind and eliminating 
dampness, dredging collaterals, relieving pain and reducing 
swelling (25). The root of Tripterygium wilfordii Hook.f. 
is one of the most effective TCMs for the treatment of 
RA. Long-term clinical practice has shown that using 
Tripterygium wilfordii Hook.f. to treat RA may reduce or 
replace corticosteroids and/or steroidal anti‑inflammatory 
drugs and possesses the advantages of high efficiency and low 
toxicity (26). It has been demonstrated that the predominant 
active ingredient, triptolide, is effective on the expression 
and activity of NF-κB in the synovium of CIA rats (26). 
Sinomenium acutum Rehd. et Wils is used in a number of 
TCM treatments, including removing wind-dampness and 
relieving pains, passing the meridian and increasing urina-
tion and it is used to treat pain and numbness in arthritis, 
swollen joints, paralysis and itching (27). Its predominate 
active ingredient, sinomenine, was used in the therapy 
of the RA and exhibited clear and definite therapeutic 
effects (28,29). These include relaxing tendons, removing 
phlegm, removing wind-dampness and relieving pains. 
Dioscorea nipponica Makino is used to treat pain and numb-
ness in arthritis, paralysis, Kashin-Beck disease, traumatic 
injury and bronchitis (30). It was employed in a number of 
formulae to clinically treat RA (16,31). Glycyrrhiza uralensis 
Fisch. nourishes Qi, alleviates pain, eliminates phlegm, stops 
coughing, regulates heat and detoxifies. Each component of 
STBT may be important in the treatment of RA. However, 
in TCM, a number of herbs are often combined under the 
theories of TCM. The combined interactions of these herbs 
are hypothesized to contribute more to the anti-RA effect of 
STBT compared with single use.

CIA is one of the most widely used experimental arthritis 
animal models for the identification of genes and mechanisms, 
and shares specific immunological and pathological features 
with human RA (32,33). In the current study, it was observed 
that the swelling dimensions following treatment with STBT 
were decreased compared with the model group. According 
to the histopathological change of ankle joint analysis, it was 
hypothesized that STBT may alleviate the hyperplasia of the 
synovial membrane and bone destruction. STBT is hypoth-
esized as a potential therapeutic agent for treating RA patients.

TLR signal transduction pathways are important in the 
inflammatory responses of RA. There are two primary 
pathways, the MyD88-dependent and MyD88-independent 
pathways. There are a number of adaptor proteins in the 

TLR signal transduction pathway. MyD88 is a protein with 
a Toll‑interleukin receptor structure domain and is signifi-
cant in the effect of the TLR signal transduction pathway. 
MyD88 identifies pathogen‑associated molecular patterns 
intra‑articularly, magnifies the inflammation signal and forms 
a cascade reaction, resulting in the activation of the NF-κB 
signaling pathways. The inflammatory response is initiated 
and cells synthesize and release a number of inflammatory 
factors, including IL-1β and TNF-α. TNF-α provides posi-
tive feedback and activates NF-κB. These activities effect the 
inflammatory factors and maintain the inflammation, which 
destroys the bone tissue. NF-κB was confirmed to modulate 
the ectopic expression of the FLICE inhibitory protein in 
RA synovial fibroblasts, inhibiting the apoptosis of synovial 
membrane fibroblasts (34). Inhibition of the NF‑κB signal 
pathway results in the downregulation of the expression of 
specific anti‑apoptosis and cytokine genes (35).

In the current study TLR4, NF-κB and MyD88 in synovial 
tissue were determined by western blot analysis and RT-PCR. 
The expression level of NF-κB was consistent with previous 
studies (3,27-29) and TLR4 and MyD88 were downregulated. 
This may suggest that TLR4 and NF-κB signal transduction 
pathways are important in the RA inflammatory response.

In conclusion, the current results suggest that STBT is effec-
tive for the treatment of RA and modulates the inflammatory 
response, potentially by downregulating TLR4, NF-κB and 
MyD88. However, further studies are required to determine the 
pharmacological effects and molecular mechanisms of STBT.
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