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Abstract. Asarinin is one of the main active chemical compo-
nents isolated from Xixin, a Chinese medicine. To investigate 
the role of asarinin in rheumatoid arthritis (RA), the present 
study investigated the effect of an asarinin-medicated serum on 
human fibroblast‑like synoviocytes in vitro. An asarinin-medi-
cated serum was generated and analyzed by high‑performance 
liquid chromatography. Fibroblast‑like synoviocytes were 
isolated from patients with osteoarthritis and RA. The third 
generation of the rheumatoid synoviocytes was used in the 
experimental research and the third generation of osteoarthritic 
synoviocytes was used as control cells. Trypan blue staining 
was performed to detect the viability of RA synovial fibroblasts 
(RASFs). ELISA, reverse transcription-quantitative (RT-q) 
PCR and western blotting were also performed to detect the 
expression of various cytokines. Additionally, RT‑qPCR was 
employed to detect Toll‑like receptor (TLR) 2 and TLR4. The 
results revealed that medicated asarinin serum inhibited the 
viability of RASFs in a dose‑ and time‑dependent manner. The 
serum also suppressed the expression of interleukin (IL)‑17A, 
tumor necrosis factor-α, interferon-γ, IL‑6, TLR2 and TLR4. 
The inhibitory effect of asarinin drug serum on RASFs may 
be achieved by inhibition of T helper cell (Th)1/Th17 cytokines 
through suppression of TLR2 and TLR4.

Introduction

Rheumatoid arthritis (RA) is an autoimmune disease that is 
mainly mediated by cytokines and is characterized by the 
abnormal proliferation of synovial cells, the massive infiltration 

of inflammatory cells and the progressive destruction of joints (1). 
T helper cells (Th) are divided into Th1, Th2 and Th17 subgroups 
according to the different expression profiles of secretory cyto-
kines (2). It has become clear in the last few years that T cell‑derived 
cytokines expressed preferentially by Th1 cells contribute to 
joint destruction and inflammatory response in RA, whereas 
Th2 cell‑associated cytokines may be protective (2,3). However, 
recent research on Th17 cells and regulatory T cells (Treg) has 
demonstrated that an imbalance between Th1/Th2/Th17/Treg 
cells is important to the pathogenesis of RA (4‑6). Although the 
origin of RA is unclear, it has been determined that lymphocytes 
accumulate around the terminal blood vessels of the subsynovial 
layer prior to the inflammatory response (7). The synovium is 
composed of two layers, namely the synovial lining layer (lining 
cells) and the lower synovial lining layer (or supporting layer) (8). 
Another major feature of RA is the abnormal proliferation of 
synovial cells in the lining layer and the expression of transformed 
cells, which erode the surrounding bone and cartilage (7‑9). 
Increasing evidence has confirmed that the activation state of 
RA synovial fibroblasts (RASFs) is critically dependent on TLR 
expression, which in turn is known to serve an essential role in T 
cell differentiation and function (10‑12). TLR2 and TLR4 have 
been revealed to serve important functions in pathogenesis of RA 
and they has been determined that the expression of TLR‑2 and 
TLR‑4 is increased and regulated by proinflammatory cytokines 
that are present in the synovial compartment (10). Activation of 
these RASF‑expressed TLRs exacerbates inflammatory Th1 and 
Th17 cell expansion in cell‑cell contact‑dependent and inflam-
matory cytokine‑dependent pathways, inducing the increased 
accumulation of interferon (IFN)-γ and interleukin (IL)‑17 (11). 
Targeting TLRs may therefore modulate inflammation in RA and 
provide novel therapeutic strategies for overcoming this persistent 
disease (12). 

Xixin is isolated from the dried roots and rhizomes of 
Asarum heterotropoides f. mandshuricum (Maximowicz) 
Kitagawa, A. sieboldii Miq. var. seoulense Nakai and 
A. sieboldii Miq. (Aristolochiaceae), and is a commonly used 
herbal medicine in China (13). Xixin is used to treat colds, 
fever, chills, headaches, acute toothaches, sinusitis, coughs and 
RA in traditional Chinese medicine (13). Asarinin (molecular 
weight, 354.35) is one of the main active chemical components 
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isolated from Xixin (13-16). Many pharmacological effects 
have been identified in asarinin, including anti‑inflammatory 
effects, antipyretic properties and immune inhibition (13‑16).

A previous study indicated that asarinin significantly 
inhibited the macroscopic score and cartilage destruction of 
collagen‑induced arthritis (17). However, little is known about 
the effect of asarinin on RA synovial fibroblasts. The present 
study aimed to determine the pharmacological profile of 
asarinin and its potential effect on RA (18).

The present study used RA synovial fibroblasts to examine 
the effect of asarinin and the possible roles of Th17, Th1 and 
TLRs in the pathogenesis of arthritis.

Materials and methods

Reagents. Recombinant Human tumor necrosis factor (TNF)‑α 
and IL-1β were obtained from PeproTech China. Fetal bovine 
serum and high‑glucose DMEM were purchased from HyClone; 
GE Healthcare Life Sciences. Trypsin-EDTA solution and the 
Trypan Blue Staining Cell Viability Assay kit were purchased 
from Beyotime Institute of Biotechnology. The RNA PCR 
kit (EX TAQ R‑PCR Version 2.1) was obtained from Takara 
Biotechnology Co., Ltd., and primers and probes were purchased 
from Sangon Biotech Co., Ltd. TRIzol® reagent was purchased 
from Invitrogen. Asarinin was purchased from Chengdu 
Must Bio‑Technology Co., Ltd., and ELISA kits for TNF‑α 
(cat. no. 555212), IL-6 (cat. no. 555220) and IFN-γ (cat. no. 555142) 
from BD Biosciences. The ELISA kit for IL‑17A (cat. no. D1700) 
was obtained from R&D Systems, Inc. Primary antibodies for 
TNF-α (cat. no. TA808184), IL‑17A (cat. no. TA337063), IL‑6 
(cat. no. TA500067) and IFN‑γ (cat. no. TA353236) were from 
OriGene Technologies, Inc. Peptidoglycan (PGN) and lipopoly-
saccharide (LPS) were purchased from Sigma-Aldrich.

Preparation of the asarinin‑medicated serum. Asarinin and 
olive oil were mixed in a ratio of 5:1 to form a suspension for 
the asarinin-medicated serum. The asarinin-medicated serum 
was generated according to previous studies (19,20). A total 
of 20 female Sprague‑Dawley (age range, 6‑8 weeks; weight 
200‑250 g) were supplied by the Experimental Animals 
Department of the Second Affiliated Hospital of Harbin 
Medical University. Animals were housed in an aircondi-
tioned room (temperature, 22±2˚C; humidity, 55±5%) with a 
12 h light‑dark cycle and free access to a standard diet with 
free access to tap water. Sprague-Dawley (SD) rats were 
randomly divided into an asarinin group and a blank serum 
group. Asarinin (30 mg/kg) was administered orally to SD rats 
twice daily for 5 days. Rats in the blank serum group received 
saline twice daily for 5 days. The same dose was administered 
orally to the blank serum group and the asarinin group. Then, 
1 h after the last administration, rats were anesthetized via 
intraperitoneal injection of pentobarbital and blood samples 
(10 ml) were collected from the abdominal aorta for subse-
quent experiments. The Ethics Committee for Experimental 
Animals of Harbin Medical University reviewed and approved 
the current study and all animals were treated according to the 
guidelines of the animal ethics committee. 

Rat plasma sample preparation for high‑performance 
liquid chromatography (HPLC) analysis. Rat medicated 

sera and blank sera were subjected to HPLC analysis using 
a Thermo Fisher Ultimate 3000 UHPL (Thermo Fisher 
Scientific, Inc.) (21,22). Chromatographic conditions: The 
C18 column used was supplied by Thermo Fisher Scientific, 
Inc. (4.6x150 mm; 5 µm). The mobile phase consisted of 
acetonitrile-water (50:50) and the running time was 32 min. 
Additionally, the column temperature was 30˚C and the flow 
rate 1 ml/min. The detection wavelengths were set at 287 
nm with a sample size of 10 µl. Asarinin serum (1 ml) was 
obtained and dissolved by ultrasonography with methanol 
added to a final volume of 5 ml. Sera were filtered through 
0.45 microporous membranes for analysis.

Patients, tissue specimens and ethics statement. Synovial 
tissue specimens used for the culture of OA synovial fibro-
blasts (OASFs; n=3) and RASFs (n=4) were obtained from 
the knees of patients following joint replacement surgery, 
which was a procedure performed in patients who had 
severe, long-term disease and who had received numerous 
therapies over many years. All patients fulfilled the American 
College of Rheumatology 2010 criteria for RA and the 1995 
criteria for osteoarthritis (OA) and provided their written 
consent to participate in the current study (23,24). Synovial 
tissue specimens from 4 patients with RA [2 females (mean 
age, 67.9±4.8 years) and 2 males (age, 70.1±3.5 years)] and 
3 patients with OA [3 females (age, 68.2±5.3 years)]. Patients 
were recruited from September 2017 to September 2018.The 
study protocols, consent forms and consent procedure were 
approved by the Institutional Medical Ethics Review Board of 
the Second Affiliated Hospital of Harbin Medical University.

Synovial fibroblast (SF) isolation, culture and treatment. 
Human SFs were isolated from synovial tissue obtained at the 
time of knee replacement surgery from 4 patients with RA 
and 3 patients with OA. Synoviocytes were trypsinized and 
suspended in DMEM containing 10‑20% fetal bovine serum, 
inoculated in a culture flask and cultured in a cell incubator 
at 37˚C and 5% CO2. The following day, the medium was 
changed, and the unattached cells were discarded. The cells 
that remained adherent were considered to be synovial cells. 
The medium was subsequently changed once every 3‑4 days 
and the culture solution was discarded once the synovial 
cells reached 80‑90% confluence in the flask. Cells were then 
rinsed twice with PBS. Digestion was terminated when the 
majority of cells changed shape from diamond to round and 
were bright in appearance. Cells were generally passaged at 
a ratio of 1:2 or 1:3. After 3 generations, it was revealed that 
95% of cells were fibroid synovial cells, which were used in 
the present study. OASFs and RASFs were pretreated with 
IL-1β (2 ng/ml) and TNF-α (10 ng/ml). OASFs (5x106 cells) 
and RASFs (5x106 cells) per well were stimulated with medi-
cated serum of asarinin, toll‑like receptor (TLR)2 ligand PGN 
(10 ng/ml) and TLR4 ligand LPS (100 ng/ml).

Cell viability determination. OASFs (5x106 cells) and RASFs 
(5x106 cells) were seeded into 96-well plates and treated with 
medicated serum of asarinin at a series of concentrations (5, 10, 
15, 20, 25 or 30%) for 6 h or medicated serum of asarinin (15%) 
for 6, 12, 18 or 24 h. Asarinin at a dosage of 15% was selected as 
cell death did not affect subsequent experiments. Cell suspensions 
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in PBS (10 µ l) were mixed with trypan blue (40 µl) for 5 min at 
room temperature and the number of stained (dead) and unstained 
(alive) cells were counted using a hemocytometer (25,26).

ELISA. OASFs (5x106 cells) and RASFs (5x106 cells) per well 
were stimulated with medicated serum of asarinin (15%) for 6 h, 
after which the culture supernatants were collected and stored at 
‑20˚C for subsequent ELISA. Levels of TNF‑α, IFN-γ, IL‑17A 
and IL-6 in cell culture supernatants were measured using 
ELISA kits, in accordance with the manufacturer's protocol.

RNA preparation and reverse transcription‑quantitative 
(RT‑q) PCR. OASFs (5x106 cells) and RASFs (5x106 cells) per 
well were stimulated with medicated serum of asarinin (15%) 
for 6 h and the cells were harvested and stored at ‑80˚C until 
analysis. Total mRNA was isolated from synovial fibroblasts 
using TRIzol® and cDNA was synthesized from 1 µg total 
RNA using oligo-dT primers and AMV reverse transcriptase 
according to the manufacturer's protocol. The conditions 
of reverse transcription were as follows: 30˚C for 10 min, 
42˚C for 30 min, 99˚C for 5 min and 5˚C for 5 min. Samples 
were stored at ‑20˚C until further use. The following primer 
sequences were used for RT-qPCR. β‑actin forward, 5'‑AGC 
GGT TCC GAT GCC CT‑3' and reverse, 5'‑AGA GGT CTT TAC 
GGA TGT CAA CG‑3'; IFN‑γ forward, 5'‑TGA ACG CTA CAC 
ACT GCA TCT TGG and reverse, 5'‑CGA CTC CTT TTC CGC 
TTC CTG  G‑3'; IL‑17A forward, 5'‑AGT GAA GGC AGC AGC 
GAT CAT‑3' and reverse, 5'‑CGC CAA GGG AGT TAA AG‑3'; 
TNF-α forward, 5'‑TCT CAT CAG TTC TAT GGC CC‑3' and 
reverse, 5'‑GGG AGT AGA CAA GGT ACA AC‑3'; IL‑6 forward, 
5'‑TCC AGT TGC CTT CTT GGG AC‑3' and reverse, 5'‑GTG 
TAA TTA AGC CTC CGA CTT G‑3'; TLR2 forward, 5'‑ACC 
AAG TGA AGG TAC CTG TGG GGC‑3' and reverse, 5'‑GCA 
CCA GAG CCT GGA GGT TCA C‑3'; TLR4 forward, 5'‑CCC 
CGA CAA CCT CCC CTT CTC A‑3' and reverse, 5'‑TCC AGA 
AAA GGC TCC CAG GGC T‑3'.

RT-qPCR was performed at a final concentration of 
0.15 µl primer and 0.25 µl of Ex Taq HS polymerase (Takara 
Biotechnology Co., Ltd.) in standard PCR buffer. Transcripts 
were quantified using EX TAQ R‑PCR. PCR was performed 
with a reaction mix comprising 0.5 µl forward and reverse 
primers, 2 µl cDNA and 1 µl TaqMan probe template to a total 
volume of 25 µl. PCR was initiated for 2 min at 95˚C, continued 
with 40 cycles of 10 sec at 95˚C, 40 sec at 60˚C and final exten-
sion for 5 min at 72˚C. The fold changes in the expression of 
each gene were calculated using the 2-ΔΔCq method (27), with 
the housekeeping gene β-actin mRNA as an internal control. 

Western blot analysis. RASFs (5x106 cells) and OASFs 
(5x106 cells) were pretreated with IL-1β (2 ng/ml) and TNF-α 
(10 ng/ml), and incubated with medicated serum of asarinin 
at 37˚C for 6 h. The cells were harvested and stored at ‑80˚C 
until analysis. Ice‑cold lysis buffer (40 ml) was used to lyse 
cells. Protein concentration was measured using the BCA 
method. Samples (10 µl) were separated using SDS‑PAGE in 
a 10% polyacrylamide gel and transferred electronically to a 
PVDF membranes. The membranes were then blocked with 
Tris‑buffered saline containing 0.1% Tween‑20 and 5% nonfat 
milk at 37˚C for 1 h. Samples were then incubated with the 
following primary antibodies at 4˚C overnight: IFN‑γ, IL-6, 

TNF-α and IL‑17A (1:500). After three washes with PBST 
(0.5% Tween 20 in PBS), membranes were incubated with 
horseradish peroxidase‑conjugated IgG (cat. no. PV6002; 
OriGene Technologies, Inc.) secondary antibodies for 1 h at 
37˚C. Samples were visualized via chemiluminescence using an 
ECL Plus Detection kit (Beyotime Institute of Biotechnology). 
The protein expression levels were then determined by 
analyzing the signals captured on the PVDF membranes using 
a ChampGel 5500 (Beijing Sage Creation Science Co, Ltd.).

Statistical analysis. Samples were run in triplicate and the data 
were presented as the mean ± standard deviation. Statistically 
significant differences were analyzed via one‑way analysis of 
variance followed by and SNK test using SPSS software 13.0 
for Windows (SPSS, Inc.). P<0.05 was considered to indicate a 
statistically significant difference.

Results

HPLC of medicated serum of asarinin. The chemical struc-
tures of asarinin are provided in Fig. 1A. No peak for asarinin 
was detected in the blank serum group (Fig. 1B) but was 
present for the control asarinin (Fig. 1C) and in rat medicated 
serum (Fig. 1D). The extra peak (~26.635 min) may represent 
a secondary metabolite of asarinin (Fig. 1D).

Medicated serum of asarinin inhibits human RASF 
proliferation. To examine the effect of medicated serum of 
asarinin on the proliferation of RASFs, trypan blue staining 
was performed to detect the viability of RASFs. The results 
demonstrated that medicated serum of asarinin decreased the 
viability of RASFs and OASFs in a dose‑ and time‑dependent 
manner (Fig. 2A‑C). A significant decrease was observed in the 
cell number of RASFs compared with that of OASFs (Fig. 2D).

Regulation of inflammatory cytokines on rheumatoid synovio‑
cytes by medicated serum of asarinin. RA and OA samples 
were collected from the discarded tissue of patients following 
knee joint replacement surgery. Third generation rheumatoid 
synoviocytes and osteoarthritic synoviocytes were used in the 
current study. The results revealed that third generation rheu-
matoid synoviocytes and osteoarthritic synoviocytes exhibited 
fibroblast‑like synovial cell morphology (Fig. 3A). TNF‑α, 
IFN-γ, IL‑6 and IL‑17A are important inflammatory mediators 
in RA (2). RT‑qPCR analysis for IL‑17A, TNF‑α, IFN-γ and 
IL-6 expression revealed a decrease following asarinin treatment 
compared with control and treated cells (Fig. 3B). Western blot 
analyses for TNF-α, IFN-γ, IL‑6 and IL‑17A expression also 
revealed a decrease compared with the controls (Fig. 3C). The 
effect of asarinin on IL‑17A, TNF‑α, IFN-γ and IL-6 in RASFs 
was also measured by ELISA, revealing similar results (Fig. 3D).

Inhibition of TLR2 and TLR4 on rheumatoid synoviocytes by medi‑
cated serum of asarinin. RT‑qPCR analysis for TLR2 and TLR4 
expression revealed a decrease following asarinin treatment (Fig. 4).

Discussion

Xixin is a commonly used herbal medicine in China and other 
Asian countries. Asarinin is one of the main active chemical 
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components isolated from Xixin (13). Despite a previous study 
revealing that asarinin significantly inhibited the macro-
scopic score and cartilage destruction of collagen-induced 
arthritis (17), little is known about the effect of asarinin on 
RA synovial fibroblasts. The present study therefore aimed to 
assess the effects of asarinin on RASFs.

RA is an autoimmune disease characterized by chronic 
inflammation that leads to joint destruction (28). Although the 
pathogenesis of RA, mediated by T cells, is not completely 
clear, certain Th1‑type cytokines, including IFN‑γ, TNF-α 
and IL-1, Th2‑type cytokines, including IL‑4 and IL‑10, Th17 
cytokines, including IL‑17 and IL‑22, and Treg cells interact 
to activate synovial macrophages, fibroblasts and osteoclasts 
to affect chronic inflammation and joint destruction (29‑32). 
RASFs are leading cells in joint erosion and contribute actively 
to inflammation. 

Synovial cells are the most important cells in the synovial 
layer. The primary target of RA immune activity is located 
in the synovium. There are two types of cells in the synovial 
layer: Type A (macrophage‑like synovial cells) and type B 

(fibroblast‑like synoviocytes; FLSs) (33). Synovial cells, 
particularly FLSs of the synovial layer, participate in the 
function of motor joints, producing joint lubrication fluids 
and maintaining the compliance and integrity of the syno-
vial fluid, cartilage nutrition and the synovial layer (33,34). 
Rheumatoid arthritis synovial fibroblasts are leading cells 
in joint erosion and contribute actively to inflammation, and 
enhance cell proliferation and invasiveness under the action 
of various cytokines and growth factors (28). During the 
disease progression of RA, the fibroid synovial cells function 
as passive responders and active invaders after transforma-
tion (35). Therefore, the present study used third generation 
rheumatoid synoviocytes and osteoarthritic synoviocytes. 
Since certain compounds of asarinin may change at room 
temperature after being dissolved in solvents, the current 
study used medicated serum of asarinin on cells. The results 
demonstrated that medicated serum of asarinin decreased 
the viability of RASFs and OASFs in a time‑dependent 
manner within 24 h. Furthermore, when the concentration 
and duration of drug‑containing serum were significantly 

Figure 1. HPLC profiles of rat medicated sera after the oral administration of asarinin. (A) The chemical structure of asarinin. (B) Blank serum, (C) control 
asarinin and (D) rat medicated serum of asarinin HPLC profiles are presented. A distinct peak was detected in rat medicated serum and the asarinin control, 
but not in blank serum. HPLC, high-performance liquid chromatography.
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increased, the number of RASFs was significantly reduced 
and the number of OASFs was correspondingly reduced. 
However, the reduction of the latter was less compared with 
that of the former. When OASFs and RASFs were treated 
with blank serum, no significant decrease in cell viability 
was observed. FLSs of RA exhibit tumor‑like growth char-
acteristics, and the excessive abnormal proliferation and 
apoptosis of these cells serve an important role in synovial 
inflammation and bone destruction in RA (36). The effect 
of asarinin on FLS may be associated with the immunosup-
pressive effect of asarinin. However, whether the medicated 
serum of asarinin causes RASF necrosis or apoptosis 
requires elucidation.

To clarify the mechanism of action of asarinin on RA, 
OASFs were used as control cells to detect the cytokines 
associated with RA pathogenesis. The results demonstrated 
that asarinin downregulated the expression of TNF-α, IFN-γ, 
IL‑6 and IL‑17A in RA synovial cells. The expression of Th2 
cytokines (IL‑4 and IL‑5) were too low to be detected (data not 
shown). TNF-α, IFN-γ, IL‑6 and IL‑17A were also expressed in 
OA synovial cells, but TNF‑α, IFN-γ, IL‑6 and IL‑17A expres-
sion was low and no significant differences were observed 
before and after asarinin treatment. IFN‑γ, IL-6, TNF-α and 
IL‑17A are inflammatory cytokines and IFN‑γ and TNF-α are 
Th1‑type cytokines (6). IL‑6 is also the main inflammatory 
factor in RA joint inflammation, but its pathogenic effect is 

Figure 2. Effect of asarinin at different concentrations on the proliferation of human SFs after treatment for different times. (A) Left: Viability of OASFs in 
different concentrations of medicated serum of asarinin. Right: Viability of OASFs at different times after medicated serum of asarinin treatment. (B) Left: 
Viability of RASFs in different concentrations of medicated serum of asarinin. Right: Viability of human RASFs at different times after medicated serum of 
asarinin treatment. (C) Left: Viability of human SFs in different concentrations of medicated serum of asarinin. Right: Viability of human SFs at different 
times after medicated serum of asarinin treatment. (D) Left: Cell number in different concentrations of medicated serum of asarinin. Right: Cell numbers at 
different times after medicated serum of asarinin treatment. *P<0.05 and **P<0.01 vs. control cells. SF, synovial fibroblast; OASF, osteoarthritis SF; RASF, 
rheumatoid arthritis SF; Control, blank serum.



DAI et al:  ASARININ INHIBITS RASFS THROUGH SUPPRESSION OF TH1/TH17/TLRS3014

different from that of IL-1 and TNF-α, which mainly induces 
the production of immunoglobulins and the formation of acute 
phase proteins (37‑40). Although Th2 cells secrete IL-6, IL-6 
still serves a role as an inflammatory cytokine. Additionally, 
Th17 cells secrete IL‑17, which is generally considered an 
important inflammatory mediator that modulates local infiltra-
tion and tissue injury of inflammatory cells by inducing the 
expression of other inflammatory cytokines, such as IL‑6 
and TNF-α, and chemokines, such as monocyte chemotactic 
protein 1 and macrophage inflammatory protein‑2 (1,6). Mice 
deficient in IL‑17 exhibit reduced severity of arthritis, and 
mice with increased IL‑17 levels exhibit exacerbated levels 
of the disease (41,42). Inflammatory cytokines are selectively 

recruited to the synovial cavity in RA and various relevant 
cytokines in the synovial tissue were detected in the present 
study (13,43). IL‑1 and TNF‑α stimulate the proliferation of 
FLS to secrete cytokines and prostaglandins, inducing FLS 
proliferation (44). FLS produce large numbers of cytokines 
(including IL-1, TNF-α and IL-6) in spontaneous and stimu-
lating conditions (45‑47). The cytokine production profiles by 
synovial cells in patients with RA and OA are similar regarding 
the types of cytokines produced (44,48). However, the quantity 
of inflammatory cytokines secreted in patients with RA is 
significantly higher compared with that in patients with OA, 
indicating that synovial cells may be excessively activated in 
patients with RA (49). Streptococcal cell wall induced arthritis 

Figure 3. Effect of asarinin on cytokine expression of rheumatoid synoviocytes. (A) Left: Fibroblast‑like synovial cell morphology of third generation osteo-
arthritic synoviocytes. Right: third generation of the fibroblast‑like synovial cell morphology of rheumatoid synoviocytes (magnification, x40). (B) Changes in 
the expression of IL‑17A, TNF‑α, IFN-γ and IL‑6 were determined by performing reverse transcription‑quantitative PCR. (C) Protein expression of cytokines 
in rheumatoid synoviocytes. Upper panel: Expression of IL‑17A, TNF‑α, IFN-γ and IL‑6 was analyzed using western blotting with β-actin as a loading control. 
Lower panel: Density histogram data from three separate western blot analyses (mean ± standard deviation), which represent the relative expression of IL‑17A, 
TNF-α, IFN-γ and IL‑6. (D) Quantitative analyses of IL‑17A, TNF‑α, IFN-γ and IL-6 using ELISA. *P<0.05 and **P<0.01 vs. control cells. IL, interleukin; 
TNF, tumor necrosis factor; IFN, interferon; RASF, rheumatoid arthritis synovial fibroblast; OASF, osteoarthritis synovial fibroblast.
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is markedly reduced in TLR2-/- mice and TLR4 deficiency 
results in impaired osteoclast formation as well as a reduction 
in Th‑17 inducing cytokines such as IL‑1, IL‑6 and IL‑23 in 
the same animals (50). TLR4 and TLR2 serve crucial roles 
in the production of inflammatory cytokines and TLR activa-
tion exacerbates RASF‑mediated inflammatory Th1 and Th17 
responses (11). In conclusion, the inhibitory effect of asarinin 
drug serum on human RASFs may be achieved by inhibiting 
Th1 and Th17 cytokines via the suppression of TLR2 and TLR4.
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