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Abstract. Baicalin is a flavonoid isolated from the root of 
Scutellaria baicalensis with anti‑inflammatory, antioxidant 
and antiapoptotic pharmacological properties. however, the 
therapeutic effect of baicalin on rheumatoid arthritis (RA) 
is not completely understood. The present study aimed to 
explore the therapeutic potential and mechanisms underlying 
baicalin in collagen‑induced arthritis (CIA) model rats. CIA 
was induced in male SD rats. The hind paw thickness and 
severity of joint injury were monitored to assess the onset of 
arthritis. At 28 days after the initial immunization, different 
doses of baicalin were administered once daily via oral gavage 
for 40 days. The radiologic and pathological alterations were 
examined using X‑ray, and hematoxylin and eosin staining, 
respectively. ELISA was employed to measure the serum 
levels of proinflammatory cytokines. Reverse transcrip-
tion‑quantitative PCR and western blotting were conducted to 
determine the expression of toll‑like receptor (TLR)2, myeloid 
differentiation factor 88 (MYD88) and NF‑κB p65. Baicalin 
treatment noticeably alleviated radiographic and histologic 
abnormalities in the hind paw joints of CIA model rats in a 
dose‑dependent manner. The serum levels of proinflammatory 

cytokines were significantly decreased in baicalin‑treated CIA 
model rats compared with vehicle‑treated CIA model rats. 
The mRNA expression levels of TLR2 and MYD88, as well 
as the protein expression levels of TLR2, MYD88 and NF‑κB 
p65 were significantly decreased by baicalin treatment in the 
synovial tissue of CIA model rats and human RA fibroblast‑like 
synoviocytes. The results suggested that baicalin may exert a 
beneficial effect on CIA, which may be mediated by inhibiting 
the TLR2/MYD88/NF‑κB signaling pathway.

Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune disease 
characterized by swelling, pain, stiffness and deformity of 
peripheral joints, which affects 0.5‑1% of the adult popula-
tion worldwide  (1). Although a variety of antirheumatic 
drugs, such as cytokine antagonists, and B cell depletion and 
T cell co‑stimulation blockers, display clinical efficacy for the 
treatment of RA, the life expectancy in patients with RA is 
10‑15 years shorter compared with the general population (2). 
Therefore, developing novel and more potent therapeutic 
agents for RA is important. 

RA is an inflammatory condition that primarily affects 
the small synovial joints of the hands and feet (3). The main 
pathological features of RA include synovial hyperplasia and 
the secretion of proinflammatory cytokines, such as tumor 
necrosis factor‑α (TNF‑α), interleukin (IL)‑1, IL‑6 and IL‑8, in 
the affected joints (4,5). Activated fibroblast‑like synoviocytes 
(FLSs) serve a central role in RA pathogenesis by producing 
inflammatory cytokines, chemokines and proteinases that 
degrade the extracellular matrix (4,6). A number of proinflam-
matory cytokines, such as TNF‑α, IL‑1 and IL‑6, are involved 
in the pathogenesis of RA, serving as therapeutic targets for 
the development of novel drugs against RA (7).

Toll‑like receptors (TLRs), a family of type  I trans-
membrane glycoproteins, have been implicated in the 
inflammatory and immune responses in RA. When exposed 
to an immunogenic stimulus, cells within the joint display 
increased TLR expression and increased expression of the 
corresponding ligands, such as bacterial peptidoglycan and 
heat shock protein 60 (8), which triggers rapid expression of 
proinflammatory cytokines and chemokines that orchestrate 
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immune responses, leading to inflammation and damage 
to the joints in patients with RA (9). Previous studies have 
highlighted the importance of TLR2 in RA via in  vitro 
systems and animal models (10,11). Highly expressed TLR2 
in RA synovial tissue‑lining macrophages and fibroblasts 
heterodimerizes with TLR1 or TLR6 upon ligand binding and 
interacts with myeloid differentiation factor 88 (MYD88) to 
initiate a signaling cascade that results in activation of key 
transcription factors, including NF‑κB (12). Previous studies 
have demonstrated that TLR2 ligation in RA FLSs enhances 
proinflammatory cytokine secretion (13), and TLR2 blockade 
significantly inhibits cytokine secretion (14), indicating an 
indispensable role of TLR2 signaling in RA development. 
Therefore, targeting TLR2 and the downstream signaling 
pathways may serve as a potential therapeutic approach in RA 
treatment.

Baicalin (7‑glucuronic acid, 5,6‑dihydroxyflavone) 
is a f lavonoid compound isolated from the root of 
Scutellaria  baicalensis  (15), which possesses multiple 
pharmacological effects, including anti‑inflammatory, antioxi-
dative, antiapoptotic and immune regulatory properties (16‑18). 
Previous studies have suggested that baicalin could ameliorate 
CIA in animal models (19,20). In addition, baicalin can atten-
uate periodontitis and lipopolysaccharide (LPS)‑induced fever 
in rat models via inhibition of the TLR2 or TLR4/MYD88/p38 
mitogen activated protein kinase (MAPK)‑NF‑κB signaling 
pathways  (21,22). However, whether TLR2 signaling is 
associated with the beneficial role of baicalin in CIA is not 
completely understood.

In the present study, a CIA rat model that is widely used 
to mimic the joint inflammation observed in human RA (23) 
was established to evaluate the potential therapeutic effect of 
baicalin in CIA. Alterations to the serum levels of proinflam-
matory cytokines and the expression of TLR2, MYD88 and 
NF‑κB p65 in response to baicalin treatment were examined to 
investigate the mechanisms underlying the therapeutic effects 
of baicalin in CIA. The present study indicated that baicalin 
may serve as a promising therapeutic agent to target the 
inflammatory response and TLR2/MYD88/NF‑κB signaling 
in RA.

Materials and methods

Animals and CIA modeling. A total of 100 male 
Sprague‑Dawley (SD) rats (age, 8 weeks; weight, 180±20 g) 
were obtained from the Experimental Animal Center of 
Ningxia Medical University (certificate no. SCXK 2015‑0001). 
The rats were fed and housed in a standard pathogen‑free 
environment with a temperature of 22±2˚C, 55±5% humidity, 
12‑h light/dark cycles and free access to food and water. All 
animal care and procedures described in the present study 
were approved by the Ethics Committee of Ningxia Medical 
University (approval no. 2015‑125). All animal experiments 
were performed in accordance with the Guidelines for the Care 
and Use of Animals published by the P.R. China Ministry of 
Health (January 1998) (24). The CIA model was established 
in 84 rats as previously described (13,14). The normal group 
consisted of the remaining 16  rats. Briefly, 0.1 ml bovine 
collagen II (Sigma‑Aldrich; Merck KGaA) emulsified in 
complete Freund's adjuvant (Sigma‑Aldrich; Merck KGaA) 

was administered twice at 7‑day intervals by intra‑dermal 
injection into the back, base of tail and the footpad of each 
rat. At 14 days after the initial immunization, each rat was 
administered with a booster subcutaneous injection at the base 
of tail. After the booster injection, the degree of joint redness 
and swelling were evaluated using a 5‑grade arthritis scoring 
method, as previously described  (15,16). The paw thick-
ness (mm) of each rat was measured with a Vernier caliper 
every 7 days during the establishment of the CIA rat model 
(28 days). At 28 days after the initial immunization, 80 rats 
with an arthritis score of ≥2 were selected as CIA model rats.

Baicalin treatment. At 28 days after the initial immunization, 
the CIA model rats were randomly divided into five groups 
(n=16 rats/group): i)  Model; ii)  Tripterygium Glycosides 
Tablet (TGT; Yuanda Pharmaceutical Huangshi Feiyun 
Pharmaceutical Co., Ltd.; 10 mg/kg/day); iii) 15 mg/kg/day 
baicalin (purity 98%; Nanjing Chunqiu Biological Engineering 
Co., Ltd.); (iv) 30 mg/kg/day baicalin; and v) 60 mg/kg/day 
baicalin. The doses of baicalin used in the present study were 
determined based on a previous study (1). TGT was dissolved 
in normal saline and baicalin was dissolved in saline (pH 8.0). 
Rats were administered once a day with TGT or baicalin 
by oral gavage. Rats in the normal and model groups were 
administered once a day with an equivalent volume of saline 
by oral gavage. After 40 days of treatment, the rats were fasted 
for 8 h (with free access to water) and then anaesthetized with 
10% chloral hydrate (300 mg/kg) via intraperitoneal injection. 
Blood (~5 ml) was obtained from the retro‑orbital plexus and 
maintained at room temperature for 2 h. Serum was collected 
by centrifugation at 2,000 x g, 4˚300*12C for 15 min and 
stored at ‑80˚C until further use. Subsequently, the rats were 
sacrificed by cervical dislocation. No signs of peritonitis were 
observed prior to sacrifice. The synovium was immediately 
isolated from the hind knee joint, washed with sterile normal 
saline and stored at ‑80˚C.

Cell culture and treatment. Normal human fibroblast‑like 
synoviocytes (HFLS; cat. no. 338586; BeNa Culture Collection) 
and RA human fibroblast‑like synoviocytes (HFLS‑RA; cat. 
no. 337864; BeNa Culture Collection) were maintained in 
synoviocyte growth medium (Gibco; Thermo Fisher Scientific, 
Inc.) supplemented with 100 IU/ml penicillin and 100 mg/ml 
streptomycin at 37˚C in a humidified atmosphere of 5% CO2. 
Passage 4‑7 cells were used for subsequent in vitro experi-
ments. HFLS‑RAs were serum‑starved for 12 h at 37˚C prior 
to baicalin treatment (25, 50 or 100 µg/ml) for 48 h at 37˚C. 
Untreated HFLSs were used as controls.

Radiographic assessment. Following sacrifice, the rat hind 
paws were subjected to X‑ray scans to observe the radiologic 
alterations using a MRAD‑D50S RADREX‑I system (Toshiba 
Medical Manufacturing Co., Ltd.) with the following param-
eters: 40 kV, 100 mA and 0.02 millisecond. Images were read 
and scored by a blinded independent radiologist as previously 
described (25): 0, no radiologic alterations; 1, mild alterations 
with tissue swelling and edema; 2, moderate alterations with 
joint erosion and disfiguration; 3, severe alterations with bone 
erosion and osteophyte formation. The radiologic score for each 
rat was expressed as the sum of the results of both hind paws.
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Hematoxylin and eosin (H&E) staining. Rat synovium was 
fixed using 4% paraformaldehyde for 48 h at room tempera-
ture, dehydrated using a graded alcohol series, cleared with 
xylene and embedded in paraffin at room temperature. Tissues 
were cut into 5‑µm thick paraffin sections using a tissue micro-
tome. The deparaffinized tissue sections were stained with 
H&E for 10 min at room temperature. Synovial hyperplasia 
was observed in three randomly selected fields of view using 
a CKX41SF inverted microscope (Olympus Corporation; 
magnification, x200).

ELISA. Serum levels of IL‑1β, TNF‑α and IL‑6 were deter-
mined using ELISA kits (Dakewe Biotech, Ltd.; cat. nos. 
DKW12‑3720, DKW12‑3012 and DKW12‑3060, respectively) 
according to the manufacturer's instructions.

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was isolated from rat synovial tissues or in vitro cultured 
human cells using TRIzol® (Invitrogen) according to the manu-
facturer's instructions. Total RNA was reverse transcribed into 
cDNA at 42˚C for 60 min, then 70˚C for 10 min using M‑MLV 
reverse transcription kit (Promega Corporation), according 
to the manufacturer's protocol. RT‑qPCR was performed 
using a 20 µl volume containing 1.5 µl cDNA, 0.5 µl forward 
primer (10 pmol/µl), 0.5 µl reverse primer (10 pmol/µl), 10 µl 
SYBR‑Green mix (Bio‑Rad Laboratories, Inc.) and 7.5 µl 
deionized distilled H2O. The sequences of the primers (Sangon 
Biotech Co., Ltd.) used for qPCR are listed in Tables I and II. 
The following thermocycling conditions were used for qPCR: 
Initial denaturation at 94˚C for 15 min; followed by 40 cycles 
of denaturation at 94˚C for 15 sec, annealing at 60˚C for 34 sec, 
and extension at 72˚C for 15 sec; and final extension at 72˚C 
for 10 min. mRNA expression levels were quantified using the 
2‑ΔΔCq method (26) and normalized to the internal reference 
gene GAPDH.

Western blotting. Total protein was extracted from rat syno-
vial tissues or in vitro cultured human cells in pre‑cooled 
cell lysis solution (Beijing Solarbio Science & Technology 
Co., Ltd.) containing protease and phosphatase inhibitors 
to inhibit protein degradation (Beijing Solarbio Science & 
Technology Co., Ltd.). Total protein was quantified using 
a bicinchoninic acid protein assay method. Proteins were 
separated by 10% SDS‑PAGE and transferred to PVDF 
membranes. The membranes were blocked with 5% skim 
milk diluted by 2% PBS for 60 min at room temperature 
and then incubated overnight at 4˚C with the following 
primary antibodies: anti‑TLR2 (Santa Cruz Biotechnology, 
Inc.; cat.  no.sc‑10739; 1:1,000), anti‑MYD88 (Abcam; 
cat. no. ab2064; 1:2,000), anti‑NF‑κB p65 (CST Biological 
Reagents Co., Ltd.; cat. no.4764; 1:3,000) and anti‑GAPDH 
(Abcam; cat. no. ab8245; 1:500). The membranes were washed 
with TBS containing 0.1% Tween™ 20 and incubated with 
horseradish peroxidase‑conjugated secondary antibodies 
(OriGene Technologies, Inc.; cat. no. ZB‑2301; 1:1,000 for 
TLR2; 1:2,000 for MYD88; 1:2,000 for NF‑κB p65; 1:10,000 
for GAPDH) at 37˚C for 60 min. After washing with TBS 
three times, protein bands were visualized using electroche-
miluminescence reagent (Santa Cruz Biotechnology, Inc.). 
Protein expression levels were quantified using Image‑Pro 

Plus software (version 6.0; Media Cybernetics, Inc.) with 
GAPDH as the loading control.

Statistical analysis. Data are expressed as the mean ± standard 
deviation of three experiments (n=6 rats in each group). 
Statistical analyses were conducted using SPSS software 
(version 17.0; SPSS, Inc.). Comparisons among multiple groups 
were analyzed using one‑way ANOVA followed by Tukey's 
post hoc test. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Baicalin treatment alleviates collagen‑induced joint injury 
in rats. To investigate the potential therapeutic effects of 
baicalin on RA, a CIA rat model that is widely used to mimic 
the joint inflammation observed in patients with RA was 
established (23). The onset of arthritis in the model group 
occurred at day 7 following primary collagen immunization, 
as evidenced by a notable increase in hind paw thickness from 
day 7 to day 28 (Fig. 1B) and clinical manifestations, such 
as functional impairment and swollen red paws, compared 
with the normal group (Fig. 1A). No joint destruction was 
observed in the normal group, whereas notable bone erosion 
was observed in the model group (Fig. 2). Compared with 

Table I. Primer sequences used to detect gene expression in 
rat synovial tissue by reverse transcription‑quantitative PCR.

Gene	 Sequence (5'‑3')

TLR2	 F: GACTCTGGAAGCAGGTGACA
	 R: CAGTCAACCAGGACATGGAC
MYD88	 F: TGGTGGTTGTTTCTGACGAT
	 R: GATCAGTCGCTTCTGTTGGA
GAPDH	 F: CAACTCCCTCAAGATTGTCAGCAA
	 R: GGCATGGACTGTGGTCATGA

TLR2, toll‑like receptor 2; MYD88, myeloid differentiation factor 
88; F, forward; R, reverse.

Table II. Primer sequences used to detect gene expression in 
human fibroblast‑like synoviocytes by reverse transcription‑
quantitative PCR.

Gene	 Sequence (5'‑3')

TLR2	 F: AAGCACTGGCCAAAGTCTTG
	 R: TGTCCTGTGACATTCCGACA
MYD88	 F: CCTGCAGAGCAAGGAATGTG
	 R: GTCGCAGACAGTGATGAACC
GAPDH	 F: GGGTGTGAACCATGAGAAGT
	 R: GACTGTGGTCATGAGTCCT

TLR2, toll‑like receptor 2; MYD88, myeloid differentiation factor 
88; F, forward; R, reverse.
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the model group, the radiographic change in the 15 mg/kg 
baicalin group was minimal. Moreover, moderate alterations 
were observed in rats treated with TGT or 30 mg/kg baicalin, 
whereas obvious alleviation was observed in the joints of rats 
treated with 60 mg/kg baicalin compared with the model 
group (Fig. 2). Consistently, the mean radiologic scores of 

rats receiving TGT, 30 mg/kg baicalin and 60 mg/kg baicalin 
were significantly lower compared with the model group 
(P<0.01; Fig. 2), suggesting that both TGT and baicalin could 
alleviate collagen‑induced bone erosion and destruction 
of the joints. CIA model rats receiving 60 mg/kg baicalin 
exhibited the most potent protection, as indicated by the 

Figure 1. Paw thickness and assessment of arthritis in CIA model rats. (A) 5‑grade arthritis scoring method. (A‑a) 0, normal without any signs of arthritis; 
(A‑b) 1, mild redness and swelling of the toe joints; (A‑c) 2, moderate redness and swelling of the toe joints; (A‑d) 3, severe redness and swelling of the ankle; 
and (A‑e) 4, extreme severe redness, swelling and deformation of the ankle joints. (B) The paw thickness (mm) of each rat was measured with a Vernier caliper 
every 7 days during the establishment of the CIA rat model. Paw thickness is expressed as the sum of the results of both hind paws. CIA, collagen‑induced 
arthritis.
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lowest radiologic score recorded among the five different 
groups (Fig. 2). 

Subsequently, histologic analysis of synovial tissue from 
the knee joint after 40 days of treatment was performed to 
further evaluate the therapeutic effect of baicalin. H&E 
staining indicated that the normal group exhibited a normal 
synovium appearance, whereas the model group demonstrated 
notable histological abnormalities, including synovial thick-
ening, inflammatory cell infiltration and excessive proliferation 
of synovial fibroblasts. Compared with the model group, 
baicalin‑treated rats displayed a dose‑dependent improvement 
to histological changes, further indicating the beneficial effect 
of baicalin on collagen‑induced joint injury (Fig. 3).

Baicalin inhibits the production of IL‑1β, TNF‑α and IL‑6. 
RA is a chronic inflammatory disease (6); therefore, whether 
baicalin could modulate the inflammatory process in CIA 
model rats was investigated. The serum levels of proinflam-
matory cytokines, including IL‑1β, TNF‑α and IL‑6, were 
significantly increased in the model group compared with the 
normal group (P<0.01), whereas the serum levels of proinflam-
matory cytokines were significantly decreased in the TGT 
(P<0.01), 30 mg/kg baicalin (P<0.01) and 60 mg/kg baicalin 
(P<0.05 for TNF‑α; P<0.01 for IL‑1β and IL‑6) groups 
compared with the model group, suggesting an anti‑
inflammatory role of baicalin in CIA model rats (Fig. 4).

Baicalin suppresses the TLR2/MYD88/NF‑κB signaling 
pathway in the synovial tissue of rats. To further investigate 
the mechanism underlying the anti‑inflammatory effect of 
baicalin in CIA model rats, the expression levels of TLR2, 
MYD88 and NF‑κB p65 in the synovial tissue from the knee 
joint of rats were measured, as TLR signaling is extensively 
involved in the inflammatory response in human RA (27). 
Compared with the model group, treatment with different 
doses of baicalin significantly attenuated CIA‑induced mRNA 
and protein expression of TLR2 and MYD88; however, TLR2 
protein expression levels were not significantly decreased by 
15 mg/kg baicalin compared with the model group. Similar 
results were observed for the protein expression levels of 
NF‑κB (Fig. 5). The results suggested an involvement of the 
TLR2/MYD88/NF‑κB signaling pathway in the development 
of CIA in rats.

Baicalin suppresses the TLR2/MYD88/NF‑κB signaling 
pathway in cultured HFLSs. Subsequently, the expression 
levels of TLR2, MyD88 and NF‑κB p65 in cultured HFLSs 
were measured. Compared with untreated HFLS‑RA cells, the 
mRNA expression levels of TLR2 and MYD88, as well as the 
protein expression levels of TLR2, MYD88 and NF‑κB p65 
were significantly decreased in baicalin‑treated HFLS‑RA 
cells. However, compared with untreated HFLA‑RAs, the 
protein expression level of NF‑κB p65 was not significantly 

Figure 2. Therapeutic effects of baicalin on joint destruction in collagen‑induced arthritis model rats. After 40 days of treatment, the rats were sacrificed. 
In each group, six rats were randomly selected and their hind limbs were subjected to radiographic assessment using the following scoring method: 0, no 
radiologic alterations; 1, mild alterations with tissue swelling and edema; 2, moderate alterations with joint erosion and disfiguration; 3, severe alterations with 
bone erosion and osteophyte formation. As indicate by the red arrows, no joint destruction was observed in the normal group, whereas notable bone erosion 
was observed in the model group. **P<0.01 vs. normal; ##P<0.01 vs. model. TGT, tripterygium glycosides tablet; Ba, baicalin.
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decreased by 25 mg/kg baicalin (Fig. 6). The results were 
consistent with the results observed in CIA model rats, further 
indicating the involvement of the TLR2/MYD88/NF‑κB 
signaling pathway in synovial inflammation. 

Discussion 

The CIA model is the most widely used animal model for RA 
studies due to the similar pathological and arthritic presenta-
tions between CIA model animals and patients with RA (23). 
In the present study, CIA was induced in male SD rats, and 
a notable increase in hind paw thickness was observed in 
the model group compared with the normal group from day 
7 post‑primary collagen immunization. In the later stages of 
CIA model induction, acute inflammation gradually alleviated, 
leading to the redness and swelling of hind paws gradually 
subsiding. As chronic inflammation continued, CIA model 
rats displayed clinical manifestations, such as functional 
impairment and notable histological abnormalities in the 
synovial tissue, such as synovial thickening and inflammatory 

cell infiltration. The results indicated that the CIA model 
was successfully established in the present study. The results 
also indicated that baicalin dose‑dependently alleviated 
joint injury in CIA model rats. Furthermore, to the best of 
our knowledge, the present study demonstrated for the first 
time that baicalin could suppress the TLR2/MYD88/NF‑κB 
signaling pathway in the synovial tissue of CIA model rats 
as well as in HFLS‑RAs in vitro, suggesting that blockade of 
TLR2/MYD88/NF‑κB signaling may be associated with the 
beneficial role of baicalin in CIA model rats. 

The pathogenic mechanism underlying RA is complex, 
with genetic, environmental and immunological factors 
contributing to RA incidence and development  (28,29). 
Increasing evidence indicates that various immune cells and 
cytokines are involved in the pathogenesis of RA (30). The 
present study indicated that there was a notable increase in 
the number of inflammatory cells and a significant increase in 
serum levels of IL‑1β, TNF‑α and IL‑6 in the synovial tissue 
were observed in CIA model rats compared with normal rats, 
which was consistent with previous studies (31,32). It has been 

Figure 4. Serum levels of proinflammatory cytokines. After 40 days of treat-
ment, serum levels of IL‑1β, TNF‑α and IL‑6 were determined via ELISA. 
**P<0.01 vs. normal; #P<0.05 and ##P<0.01 vs. model. IL, interleukin; TNF‑α, 
tumor necrosis factor‑α; TGT, tripterygium glycosides tablet; Ba, baicalin.

Figure 3. Effect of baicalin on pathological alterations in the knee joint 
synovium of CIA model rats. Hematoxylin and eosin staining was performed 
to assess the pathological alterations in the synovial tissue of knees of 
CIA model rats. Pathological alterations were evaluated based on inflam-
matory cell infiltration and large synovial fibroblast proliferation. CIA, 
collagen‑induced arthritis; TGT, tripterygium glycosides tablet; Ba, baicalin.
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reported that baicalin exerts anti‑inflammatory effects in 
various disorders. For example, baicalin inhibits LPS‑induced 
inflammation caused by endotoxic shock  (21). Baicalin 
administration also inhibits inflammatory cell infiltration and 
expression of proinflammatory cytokines in an animal model 
of multiple sclerosis (33). Similar results were observed in 

the present study, highlighting the potential of baicalin as an 
anti‑inflammatory therapeutic agent in RA.

The TLR2/MYD88/NF‑κB signaling pathway serves 
an essential role in RA development by enhancing the 
secretion of proinflammatory cytokines and matrix metal-
lopeptidases  (10‑14). The present study indicated that the 

Figure 5. TLR2, MYD88 and NF-κB p65 expression in the knee joint synovium of collagen-induced arthritis model rats. After 40 days of treatment, the 
(A) protein expression levels of TLR2, MYD88 and NF-κB p65, and (B) mRNA expression levels of TLR2 and MYD88 were measured. **P<0.01 vs. normal; 
#P<0.05 and ##P<0.01 vs. model. TLR2, toll‑like receptor 2; MYD88, myeloid differentiation factor 88; TGT, tripterygium glycosides tablet; Ba, baicalin.

Figure 6. TLR2, MYD88 and NF-κB p65 expression in HFLSs and HFLS-RAs. The (A) protein expression levels of TLR2, MYD88 and NF-κB p65, and 
(B) mRNA expressions of TLR2 and MYD88 were measured. Compared with untreated HFLS-RA cells, the mRNA expression levels of TLR2 and MYD88, 
as well as the protein expression levels of TLR2, MYD88 and NF-κB p65 were significantly decreased in baicalin-treated HFLS-RA cells. **P<0.01 vs. HFLS; 
##P<0.01 vs. HFLS‑RA. TLR2, toll‑like receptor 2; MYD88, myeloid differentiation factor 88; HFLS, human fibroblast‑like synoviocyte; HFLS‑RA, human 
fibroblast‑like synoviocyte‑rheumatoid arthritis; TGT, tripterygium glycosides tablet; Ba, baicalin.
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mRNA and protein expression levels of TLR2, MYD88 and 
NF‑κB p65 in synovial tissue, as well as the systemic levels 
of IL‑1β, TNF‑α and IL‑6 were significantly increased 
in CIA model rats compared with normal rats. Previous 
studies demonstrated that baicalin inhibits the TLR2 or 
TLR4/MYD88/p38 MAPK/NF‑κB signaling pathways in 
periodontitis and LPS‑induced fever in rats (21,22). In addition, 
suppression of synovial NF‑κB p65 expression is involved in 
baicalin‑relieved joint inflammation in CIA model rats (20). 
In the present study, following treatment with different doses 
of baicalin, the amelioration of synovial lesions was accompa-
nied by significant suppression of the TLR2/MYD88/NF‑κB 
p65 signaling pathway, suggesting that the beneficial effect of 
baicalin on CIA may be mediated via inhibiting activation of 
the TLR2/MYD88/NF‑κB signaling pathway in the synovial 
tissue of CIA model rats.

Collectively, the results of the present study suggested that 
baicalin exerted an anti‑inflammatory effect on CIA model 
rats, and may serve as a potential therapeutic agent in RA. 
The inhibitory role of baicalin in collagen‑induced inflam-
matory responses may be mediated by suppression of the 
TLR2/MYD88/NF‑κB p65 signaling pathway.

 The present study had two main limitations. Firstly, a 
large number of rats were used and secondly, TGT treatment 
was not used in the in vitro experiments because sterile TGT 
solution was not available. The TGT tables used for the in vitro 
experiments contain starch that can easily block the mesh of 
the filter during the filtration and degerming process. 
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