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Abstract 

Osteoarthritis (OA) is a common joint disease characterized by degradation and inflammation of cartilage 
extracellular matrix. We aimed to evaluate the protective effect of Caragana sinica root (CSR) on 
interleukin (IL)-1β-stimulated rat chondrocytes and a monosodium iodoacetate (MIA)-induced model of 
OA. In vitro, cell viability of CSR-treated chondrocytes was measured by MTT assay. The mRNA 
expression of Matrix metallopeptidases (MMPs), a disintegrin and metalloproteinase with 
thrombospondin motifs (ADAMTSs) and extracellular matrix (ECM) were analyzed by quantitative 
real-time PCR (qRT-PCR). Moreover, the protein expression of MAPK (phosphorylation of EKR, JNK, 
p38), inhibitory kappa B (IκBα) and nuclear factor-kappa B (NF-κB p65) was detected by western blot 
analysis. In vivo, the production of nitric oxide (NO) was detected by Griess reagent, while those of 
inflammatory mediators, MMPs and ECM were detected by ELISA. The degree of OA was evaluated by 
histopathological analyses, Osteoarthritis Research Society International (OARSI) score and micro-CT 
analysis. CSR significantly inhibited the expression of MMPs, ADAMTSs and the degradation of ECM in 
IL-1β-stimulated chondrocytes. Furthermore, CSR significantly suppressed IL-1β-stimulated of MAPKs, 
NF-κB signaling pathway. In vivo, CSR and Indomethacin inhibited the production of inflammatory 
mediators, MMPs and degradation of ECM in MIA-induced model of OA. In addition, CSR improved the 
severity of OA. Taken together, these results suggest CSR is a potential therapeutic active agent in the 
treatment of OA. 
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Introduction 
Osteoarthritis (OA) is the chronic degenerative 

disease among the aging population. The main 
feature of OA is joint pain, dysfunction, and 
subchondral osteophyte formation by degeneration of 
articular cartilage with degradation of the cartilage 
matrix[1-3]. Articular cartilage contains chondrocytes 
that are associated with the synthesis and degradation 
of Extracellular matrix (ECM) [4, 5]. The main 
components of the ECM are Type II collagen, 
Aggrecan, and Proteoglycans [6]. Recent studies have 
reported that production of pro-inflammatory 
mediators is involved in the development of OA [7]. 

Interleukin (IL)-1β is a pro-inflammatory cytokine, 
which plays an important catabolic role in ECM 
degradation and the pathological development of OA 
[8]. Elevated IL-1β levels stimulate transcription factor 
(NF-κB), a downstream signaling molecule [9-11]. 
NF-κB activation contributes to increase 
pro-inflammatory cytokine release [12]. Mitogen- 
activated protein kinase (MAPK) is involved in the 
regulation of NF-κB activity in cartilage destruction 
[13, 14]. The MAPK/NF-κB signaling pathway is 
important in the pathogenesis of OA and increased 
release of catabolic enzymes such as Matrix 
metalloproteinases (MMPs), and a disintegrin and 
metalloproteinase with thrombospondin motifs 
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(ADAMTSs) [15, 16]. Increased MMPs downregulate 
the synthesis of ECM including Type II collagen, 
Aggrecan, Glycosaminoglycans (GAGs), and proteo-
glycans by inhibiting the anabolic activity of 
chondrocytes [17]. Furthermore, IL-1β increases the 
expression of potential COX-2 and iNOS and 
increases the synthesis of NO and PGE2 [18]. Thus, 
inhibiting MMPs synthesis and blocking ECM 
destruction may protect cartilage degradation and be 
beneficial for OA treatment. 

Currently, steroidal and Nonsteroidal 
anti-inflammatory drugs (NSAIDs) are commonly 
used as pharmacological drugs to alleviate OA 
symptoms, especially in patients that have undergone 
joint replacement surgery [19, 20]. However, the 
long-term use of these drugs cannot complete prevent 
OA progression and cause serious side effects such as 
cardiovascular disease, gastrointestinal toxicity, and 
weakened renal function [21, 22]. Nutraceuticals, 
glucosamine, and chondroitin sulfate have also been 
used as OA symptom relievers. Recent studies have 
reported that using it alone or in combination with 
glucosamine is not effective [23, 24]. Therefore, to 
prevent OA progression and improve side effects, 
new drugs must be discovered. Herbal medicine with 
anti-inflammatory effects, low toxicity, and lower cost 
are attractive options for treating OA. 

Caragana sinica root (CSR), the dried root of 
Caragana sinica (Buc’hoz) Rehder, is part of the 
Caragana genus belonging to the Fabaceae family 
[25]. The dried roots of CSR have been used as an 
effective folk remedy in Korea for treatment of 
neuralgic, rheumatic, and arthritic conditions [26]. In 
addition, CSR has been reported to have 
anti-apoptotic, anti-bacterial, and anti-oxidant 
properties [27, 28]. CSR contains many components 
such as (+)-α viniferin, caraganaphenol A, miyabenol 
C, and kobophenol A (KPA) [29]. KPA is a major 
active compound of CSR, and it has been studied with 
respect to osteoblast proliferation [30] and anti- 
inflammatory [25] activity. CSR appears to inhibit the 
pathogenesis of OA. Therefore, we aimed to evaluate 
the protective effect of CSR on interleukin 
(IL)-1β-stimulated rat chondrocytes and a mono-
sodium iodoacetate (MIA)-induced rat model of OA. 

Materials and Methods 
Reagents 

Caragana Sinica Root was purchased from 
“Daehan Yaggug” (Daejeon, Korea). MIA, Protease 
inhibitor cocktail and phosphatase inhibitor cocktail 
were purchased from Sigma-Aldrich (St. Louis, MO, 
USA), Recombinant Rat IL-1β/IL-1F2 Protein and 
PGE2 ELISA kit were purchased from R&D system 

(Minneapolis, MN, USA). Type II collagen, 
Trypsin-EDTA (0.25%), Pierce BCA Protein Assay Kit, 
RIPA lysis buffer and NE-PER™ Nuclear and 
Cytoplasmic Extraction Reagents were purchased 
from Thermo (Boston, PA, USA), Primer and 
AccuPower CycleScript RT PreMix were purchased 
from Bioneer (Daejeon, Korea), MTT (EZ-Cytox) was 
purchased from Daeil Lab (Chung-cheong bukdo, 
Korea), Dulbecco's Modified Eagle's Medium, Fetal 
bovine serum and Penicillin-Streptomycin (Gibco 
BRL, USA), 30% Acrylamide/Bis Solution 29:1(3.3%C) 
and TEMED were purchased from BIO-RAD 
(Sacramento, CA, USA), Skim Milk was purchased 
from BD (Denver, Co, USA), Total RNA prep kit, ECL 
solution and NO assay kit were purchased from 
Intronbio (Gyeonggi-do, Korea), Primary Antibody 
ERK, JNK, p38, IκBα, NF-κB and Actin were 
purchased from cell signaling (Danvers, MA, USA), 
Primary Antibody SOX-9 was purchased from abcam 
(London, CAE, England) Peroxidase IgG was 
purchased from immunoresearch jackson (West 
Grove, PA, USA), iNOS, COX-2, aggrecan and GAGs 
were purchased from MyBioSource (San Diego, CA, 
USA), MMP-3, 9 and 13 were purchased from 
Elabscience (Houston, TX, USA). 

Preparation of Caragana Sinica Root 
CSR (50 g) was added to 500 mL distilled water 

and extracted for 3 h at 100 °C. After extraction, the 
filtrate was concentrated under reduced pressure with 
a rotary vacuum evaporator. The concentrated 
solution was lyophilized with a freeze dryer to obtain 
20 g powder. The powder was stored in a deep freezer 
(-80 °C) and diluted with distilled water at the 
concentration required for the experiment. 

Quality Control of CSR by High-Performance 
Liquid Chromatography (HPLC) Analysis 

The HPLC analysis was carried out on the 
Agilent 1260 Infinity II System with Agilent 1260 
Infinity Variable Wavelength Detector (VWD). The 
Agilent eclipse Plus C18 column (250×4.6 mm, 5 µm) 
was used. The mobile phase consisted of solvent A 
(0.1% phosphoric acid in H2O) and solvent B (0.1% 
phosphoric in acetonitrile at a flow rate of 1 mL/min). 
The injection volume of the extract was 10 µL. The 
elution phase was as follows: 0–35.01 min of 0–80% 
solvent A and 20–100% solvent B. The elution was 
monitored at 280 nm. 

Isolation and Culture of Rat Primary 
Chondrocytes 

Chondrocytes were isolated per as previously 
described [14]. Six-week-old, male, Sprague–Dawley 
rats (170–200 g) were purchased from RaonBio Inc 
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(Gyeonggi-do, Korea). They were housed in plastic 
cages under controlled temperature and humidity 
conditions (22 ± 2°C and 55 ± 15 %, respectively) and 
light-dark cycle (12:12 h). Fresh-air was ventilated 10–
15 times per hour, and the animals had ad libitum 
access to food pellets and water. Chondrocytes were 
isolated from the articular cartilage after excessive 
respiratory anesthesia in normal rats. The cartilage 
tissue was cut into small pieces measuring 1×1×1 mm 
and washed with phosphate buffered saline (PBS). 
Joint cartilage pieces were treated with 0.25 % 
trypsin–EDTA solution for 30 min to remove 
impurities. Next, they were digested in 0.25 % type II 
collagenase in 8 h at 37 °C. The digested cartilage was 
collected by centrifugation for 5 min at 1200 rpm at 4 
°C. The enriched chondrocytes were in cultured in 
Dulbecco's Modified Eagle Medium (DMEM) with 10 
% fetal bovine serum (FBS) and 1 % penicillin-strepto-
mycin-neomycin in a 5 % CO2 incubator at 37 °C. Cell 
culture was performed once every 2–3 days at 80–90 
% density; 0.25 % trypsin EDTA solution was used. 

Cell Viability Assay 
Cytotoxicity of CSR was evaluated by MTT 

assay. Chondrocytes were seeded in 96-well plates 
with 5×103 cells/well for 24 h. After 24 h, 
chondrocytes were treated with 100, 300 and 500 
μg/mL CSR for 24 h. Then, 10 μL MTT solution was 
added to each well and incubated for 1 h in the 5 % 
CO2 incubator at 37 °C. The optical density was 
measured at a wavelength of 450 nm using a 
micro-plate reader (Molecular Devices Co., USA). 

Quantitative Real-Time Polymerase Chain 
Reaction (qRT-PCR) 

Chondrocytes were seeded in 6-well plates at a 
density of 3×105 cells/well for 24 h. After 24 h, cells 
were pre-treated 100, 300, and 500 μg/mL CSR for 1 h 
and stimulated with or without IL-1β (10 ng/mL) for 
another 24 h. Isolation of total RNA was done using 
the Total RNA Prep Kit (Intronbio, Gyeonggi-do, 
Korea) according to the manufacturer's instructions. 
The concentration was determined 
spectrophotometrically at 260 nm (Thermo Scientific 
NanoDrop 2000). The RNA quality and purity were 
determined by the ratio of absorbance at OD260: 
OD280. cDNA was synthesized using 1 μg of total 
RNA, and the AccuPower CycleScript RT PreMix was 
purchased from Bioneer (Daejeon, Korea). Real-time 
PCR was performed using SYBR Green (Qiagen, 
Hilden, Germany), per the manufacturer's protocols. 
The PCR conditions were as follows: Initial 
denaturation at 95 ˚C for 5 s, primer annealing 
followed by 40 cycles at 62.5 ˚C for 30 s. mRNA levels 
were normalized through the housekeeping gene 

actin. Expression of each target gene was calculated 
using the 2−ΔΔCT method. The primer sequences are 
listed in Table 1. 

 

Table 1. Primer sets for RT-PCR 

Name Forward  Reverse 
MMP-1 5′ AGGTGTGGGGTGCCTGATGT 3' 5' TCCTCCTCAA AAACCCTTTC 3' 
MMP-3 5' TTTGATGTACCCAGTCTACA3' 5' TGACTGCATC GAAGGACAAA 3' 
MMP-9 5' CCAGGAGTCTGGATAAGTTG 3' 5' ACGCTCTGGGGATCCACCTT3' 
MMP-13 5' TGACACCTCTGAATTTTACC 3' 5' CCGCCAAGGTTTGGTCCAGG 3' 
ADAMTS4 5' GCCAGCAACC GAGGTCCCAT 3' 5' TTGGCAGCGG CGGCCATGAC 3' 
ADAMTS5 5' CCGCACCTCG AAACAGTGGC 3' 5' CACCTGCGTA TTTGGGAACC 3' 
Type II 
collagen 

5'GAGTGGAAGAGCGGAGACTACTG 3' 5'GTCTCCATGTTGCAGAAGACTTT
CA 3' 

Aggrecan 5' CAGAAACCTA TGATGTCTAC 3' 5' CAGCCAGCAT AGCACTTGTC 3' 
Actin 5' GACGGTCAGG TCATCACTAT 3' 5' GGTACATGGT GGTGCCACCA 3' 

 

Western Blotting  
Chondrocytes were seeded in 6-well plates at a 

density of 3×105 cells/well for 24 h. After 24 h, cells 
were pre-treated with 100, 300, and 500 μg/mL CSR 
for 1 h and stimulated with or without IL-1β (10 
ng/mL) for another 24 h. Total cell proteins were 
extracted using RIPA lysis buffer, reaction on ice, and 
centrifuged for 30 min at 12,000 rpm at 4 °C. Nuclear 
and cytosol proteins were lysed using the NE-PER 
nuclear and cytoplasmic extraction kit, per the 
manufacturer's instructions. Then, proteins were 
measured using the bicinchoninic acid (BCA) protein 
assay kit. Proteins (30 µg/well) were separated on 10 
% sodium dodecyl sulfate-polyacrylamide gel 
(SDS-PAGE) and transferred to polyvinylidene 
fluoride (PVDF) membranes. The membranes were 
incubated overnight at 4 °C in 5% skim milk blocking 
buffer and primary antibodies against ERK1/2, 
phosphorylation-ERK1/2 (1:1000), JNK, phos-
phorylation-JNK (1:1000), P38, phosphorylation-P38 
(1:1000), IκBα (1:500), NF-κB p65 (1:500), SOX-9 
(1:500), and Actin (1:1000) Next, the membranes were 
washed with TBST and incubated with secondary 
antibodies (1:10000) at room temperature for 1 h. 
Enhanced chemiluminescence (ECL) kit was used for 
detection and the membranes were visualized using a 
ChemiDoc (Vilber Lourmat, France). 

Animal Experiments  
Rats were housed as detailed in section 2.4. All 

experimental procedures complied with the National 
Institute of Health Guide for the Care and Use of 
Laboratory Animals and the Korean National Animal 
Welfare Law. The experimental animal facility and 
protocols were approved by Daejeon University 
Institutional Animal Care and Use Committee 
(DJUARB2019-003). The rats were rested for one week 
to adjust to the environment before the experiment. 
The rats were randomly divided into five groups of 
six rats each. For surgery, monosodium iodoacetate 
(MIA) solution (3 mg/100 μL in 0.9 % saline) was 
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injected using an insulin syringe into the 
intra-articular space of the right knees of rats. The rats 
were treated as indicated: Normal (DW), control (MIA 
3 mg/100 μl and DW), positive control (MIA 3 
mg/100 μl and indomethacin 1 mg/kg), CSR 200 
(MIA 3 mg/100 μl and CSR 200 mg/kg), and CSR 400 
(MIA 3 mg/100 μl and CSR 400 mg/kg). CSR was 
orally administered for 4 weeks after MIA injection. 
All rats were sacrificed on day 29 post treatment. 

Measurement of Serum Nitric Oxide and PGE2 
Production  

On the day of sacrifice, whole blood samples 
were collected and the blood was allowed to 
coagulate for 30 min. Then, the serum was separated 
by centrifugation for 10 min at 2,000 rpm at 4 °C and 
stored at ‑80 ˚C until further use. Productions of NO 
in the serum samples were determined using the 
Griess reaction for nitric oxides. Briefly, 100 µl serum 
was mixed with 50 µl Griess reagent A and 50 µl 
Griess reagent B, followed by incubation for 15 min at 
37 ˚C. Optical density was measured at 540 nm on an 
ELISA reader. Productions of PGE2 in the serum 
samples were determined using an ELISA kit (R&D 
Systems), per the manufacturer's instructions. 

Measurement of Serum Bio-Markers 
The levels of MMP-3, 9, and 13 were measured 

using assay kits from Elabscience. Expression of 
iNOS, COX-2, aggrecan and GAGs were determined 
using assay kits from MyBioSource. All assays and 
procedures were performed per the manufacturers’ 
instructions. 

Histological Analysis and Score  
The knee joint was collected on the day of 

sacrifice. The samples were fixed in 10 % formalin for 
1 day, decalcified using 10 % EDTA for 2 weeks, 
dehydrated in a graded series of ethanol, washed, and 
embedded in paraffin blocks. Then, 5-μm-thick 
sections were cut from the embedded paraffin block 
and stained with Harris hematoxylin & eosin and 
Safranin-O/Fast Green. Images were captured using a 
light microscope (Axioskop 40; Carl Zeiss AG, 
Germany) and photographed (Axiocam MRc5; Carl 
Zeiss AG, Germany). Cartilage degeneration change 
was scored using the Osteoarthritis Research Society 
International (OARSI) guidelines.  

Micro-CT Analysis of Knee Cartilage 
After the experiment, the right femur and tibia 

were cut and fixed in 10% formalin by removing the 
skin and muscles. Then, the tissues were 
commissioned for micro-CT analysis at KPNT 
(Cheongju, Korea), an inspection institution. The 
cartilage region was evaluated by converting the 

micro-CT imaging results into 3D images. 

Statistical Analysis 
Data are presented as the mean ± SD. Statistical 

analysis was performed using Graph Pad PRISM 
Software (Graphpad Software Inc, CA, USA). 
One-way ANOVA was used to evaluate the treatment 
effect, followed by Student's t-test. Values of p < 0.05 
were considered significant. 

Results 
HPLC Analysis 

Kobophenol A (KPA) was used as a standard 
compound of CSR. As shown Fig. 1, the retention time 
of the KPA was 13.232 min and contained 200.487 
mg/g (Fig. 1A). The chromatographic peak of the CSR 
was 13.205 min in a wave-length of 280 nm (Fig. 1B). 
Fig. 1C shows the chemical structure of Kobophenol A 
(KPA). 

Inhibitory Effects of CSR on MMPs and 
ADAMTSs mRNA Expression in 
IL-1β-Stimulated Chondrocytes.  

Cytotoxicity of CSR on chondrocytes was 
evaluated using an MTT assay. None of the tested 
concentrations of CSR (100, 300, and 500 μg/mL) were 
cytotoxic to chondrocytes (Fig. 2 A). Therefore, we 
chose a concentration range of 100–500 μg/mL for 
subsequent experiments. 

To investigate the expression of catabolic 
enzymes in response to CSR treatment in 
IL-1β-stimulated chondrocytes, we examined the 
effect of CSR on MMP-1, MMP-3, MMP-9, MMP-13, 
ADAMTS4 and ADAMTS5 by real-time PCR. Enzyme 
concentrations of catabolic factors (MMP-1, MMP-3, 
MMP-9, MMP-13, ADAMTS4 and ADAMTS5) were 
up-regulated as compared to the normal group. 
However, a dose-dependent decrease in enzyme 
levels was noted upon CSR treatment compared to the 
control group (Fig. 2 B-G).  

Effects of CSR on ECM mRNA Expression in 
IL-1β-Stimulated Chondrocytes. 

To evaluate the effect of CSR on cartilage 
degradation in IL-1β-stimulated chondrocytes, we 
detected the expression of aggrecan and type II 
collagen by real-time PCR and of SOX-9 by western 
blotting (Fig. 3 A-C). The expression of aggrecan, type 
II collagen, and SOX-9 was down-regulated upon CSR 
treatment as compared to the normal group. 
However, compared to the control group, CSR 
treatment increased the expression of aggrecan, type 
II collagen, and SOX-9 compared to the control group 
(Fig. 3 D).  
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 Figure 1. Representative HPLC chromatograms of (A) Kobophenol A (B) CSR detected at 280 nm and the (C) chemical structures of its major compounds. 

 
Figure 2. The effects of CSR on MMPs, ADAMTS mRNA expressions in IL-1β-stimulated chondrocytes. (A) Cytotoxicity of CSR was determined by MTT assay. 
The level of mRNA expression of (B) MMP-1, (C) MMP-3, (D) MMP-9, (E) MMP-13, (F) ADAMTS4 and (G) ADAMTS5 was examined by real-time PCR. ###p < 0.001, ##p < 
0.01 compared with normal and ***p < 0.001, **p < 0.01, *p < 0.05 compared with the control group. 
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Figure 3. The effects of CSR on ECM mRNA expressions SOX-9 protein expressions in IL-1β-stimulated chondrocytes. (A) Aggrecan and (B) Type Ⅱ 
Collagenase was examined by real-time PCR. (C) SOX-9 was examined by Western blot. (D) Evaluation of protein expression by image J. Each dataset represents the 
mean±SEM. ###p < 0.001, #p < 0.05 compared with normal and ***p < 0.001, **p < 0.01 compared with the control group. 

 
Figure 4. The effects of CSR on MAPK/ NF-κB signaling protein expressions in IL-1β-stimulated chondrocytes. (A, B) The level of NF-κB, phosphor-ERK1/2, 
JNK, P38 was examined by Western blot. (C-G) Evaluation of protein expression by image J. Each dataset represents the mean±SEM. ###p < 0.001, #p < 0.05 compared with 
normal and ***p < 0.001, **p < 0.01, *p < 0.05 compared with the control group. 

 

Effects of CSR on the Inhibition of 
MAPK/NF-κB Protein Expression in 
IL-1β-Stimulated Chondrocytes. 

To evaluate the effect of CSR on MAPK/NF-κB 
signaling pathway in IL-1β-stimulated chondrocytes, 
we detected the phosphorylation levels of ERK, JNK, 
p38 and NF-κB/IκBα by western blotting (Fig. 4 A,B). 

MAPK, an NF-κB regulator, was up-regulated 
compared to normal group. The CSR-treated groups 
showed a dose-dependent decrease in the MAPK 
expression, as compared to the control group (Fig. 4 
c-e). Furthermore, NF-κB and IκBα were inhibited 
concentration-dependently of activity of NF-κB and 
IκBα degradation in group treated with CSR (Fig. 4 F, 
G). 
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Effects of CSR on Serum Inflammatory 
Mediators and MMPs levels in a Rat Model with 
MIA-Induced OA 

To assess the effect of CSR on inflammatory 
mediators in MIA-induced OA, we detected serum 
levels of COX-2, PGE2, iNOS, and NO by ELISA and 
NO Assay (Fig. 5 A-D). Serum levels of COX-2, PGE2, 
iNOS, and NO were greater in the control group than 
the normal group. However, the CSR and P.Con 
treated groups showed lower serum levels than the 
control group.  

To investigate the effect of CSR on catabolic 
enzymes, we determined the serum levels of MMP-3, 
MMP-9 and MMP-13 by ELISA (Fig. 5 E-G). Enzymes 

of catabolic factors (MMP-3, MMP-9, MMP-13) were 
up-regulated in control group compared to normal 
group, while those factors were decreased in CSR and 
P.Con groups.  

Effects of CSR on Serum Aggrecan and GAGs 
levels in a Rat Model of MIA-Induced OA 

To evaluate the effects of CSR on cartilage matrix 
degradation in MIA-induced OA, we detected serum 
levels of aggrecan and GAGs by ELISA (Fig. 6 A,B). 
The levels of aggrecan and GAGs were decreased in 
the control groups compared to the normal group. In 
contrast, the CSR and P.Con treated groups showed 
increase in serum levels of aggrecan and GAGs as 
compared to the control group.  

 

 
Figure 5. The effects of SCR on serum COX-2, iNOS, PGE2, NO, MMP-13, MMP-9 and MMP-3 level in MIA-induced SD-Rat. The levels measure of total serum 
(A) COX-2, (B) iNOS, (C) PGE2, (D) NO, (E) MMP-13, (F) MMP-3 and (G) MMP-9 were examined by ELISA kit and NO assay kit. Each data represents the mean SEM. ###p 
< 0.001, ##p < 0.01, #p < 0.05 compared with normal and ***p < 0.001, **p < 0.01, *p < 0.05 compared with control. 

 
Figure 6. The effects of SCR on serum ECM level in MIA-induced SD-Rat. The levels measure of total serum (A) Aggrecan and (B) GAGs were examined by 
ELISA kit. Each data represents the mean SEM. ###p < 0.001, ##p < 0.01 compared with normal and ***p < 0.001, *p < 0.05 compared with control. 
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Figure 7. The effects of CSR on knee joints’ destruction in MIA-induced OA. (A) Cartilage preservation, (B) proteoglycan distribution, and (C) OARSI scores as 
examined by H&E and Safranin O staining. Each dataset represents the mean±SD. ###p<0.001 compared with the normal group and ***p<0.001, **p<0.01 compared with the 
control group. 

 

Effects of CSR on Knee Joints Destruction in a 
Rat Model of MIA-Induced OA  

To evaluate the protective effect of CSR on knee 
cartilage in MIA-induced OA, we performed 
histochemical analysis of destruction of cartilage, 
thinner cartilage layers, and rough surfaces by H&E 
staining (Fig. 7 A) and proteoglycan around the 
cartilage by Safranin O staining (Fig. 7 B). CSR and 
P.Con inhibited the observed cartilage degradation, as 
well as slowed OA progression. Consistent with these 
findings, the OARSI score in the CSR and P.Con 
treated groups was lower than that of the control 
group (Fig. 7 C). 

Effects of CSR on the Femur and Articular 
Cartilage Volume in a Rat Model of 
MIA-Induced OA 

To understand the microarchitecture of knee 
joints after CSR treatment in MIA-induced OA, we 
carried out morphological analysis of the femur and 
articular cartilage volume by micro CT (Fig. 8 A). CSR 
and P.Con treatment inhibited the observed femur 
bone architecture as well as showed less cartilage 
volume compared to the control group (Fig. 8 B).  

Discussion 
The present study investigated the effects of the 

CSR extract on the progression of OA, both in vitro 

and in vivo. IL-1β is a pro-inflammatory cytokine 
involved in OA and is involved in cartilage 
degradation [8]. The CSR extract improved the 
synthesis and reduced degradation of ECM by 
blocking the MAPK/NF-κB signaling pathway in 
IL-1β-stimulated chondrocytes isolated from rat knee 
articular cartilage. MIA is a promoter that causes 
necrosis of chondrocytes and causes arthritis similar 
to degenerative arthritis. The CSR extract improved 
the synthesis and reduced degradation of ECM and 
was had an effect on inflammatory mediator, 
histopathological analyses, and micro-CT analysis in a 
rat model of MIA-induced OA (Fig. 9).  

NO is well-known inflammatory mediator and is 
produced by the nitric oxide synthase (NOS) family of 
enzymes [31]. PGE2 is a major mediator of pain and 
inflammation in OA and is elevated by COX-2 [32, 33]. 
NO and PGE2 play important roles in the 
pathogenesis of OA, such as stimulating the synthesis 
and activity of MMPs and inhibiting the production of 
ECM in cartilage. Inhibition of NO and PGE2 
production may be a useful treatment option to delay 
the progression of OA [34, 35]. Moreover, previous 
studies have reported that inhibiting the production 
of COX-2 and iNOS may protect the articular cartilage 
[36, 37]. In the present study, the levels of iNOS, 
COX-2, NO, and PGE2 were significantly increased in 
the serum of the rat model of MIA-induced OA. CSR 
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treatment led to decreased serum levels of iNOS, 
COX-2, NO, and PGE2. These results suggested that 
the anti-inflammatory effect of CSR could delay 
cartilage degradation owing to the inhibitory effect of 
inflammatory mediators.  

MMPs and ADAMTSs are catabolic enzymes 
[38]. MMPs are key proteolytic enzymes that cause 
cartilage destruction in OA and are known to regulate 
the destruction of cartilage matrix components such 
as type II collagen, aggrecan, and various 
proteoglycans [39, 40]. In OA, family of MMPs such as 
MMP-1, MMP-3, MMP-9, and MMP-13 increase [8]. 
MMP-1 and especially MMP-13 are known to play a 
major role in the degradation of type II collagen, 
aggrecan, and proteoglycans in OA cartilage [41]. In 
addition, MMP-3 can help MMP-1 and MMP-13 to 
degrade cartilage components; MMP-9 is similar to 
MMP-1 and is essential for chondrocyte apoptosis [8, 
41]. Cartilage components—type II collagen and 
aggrecan are essential for maintaining normal 
chondrocyte metabolism [42]. When cartilage 
degeneration occurs, the chondrocytes may also 
undergo apoptosis [43, 44]. Apoptotic cells of 
chondrocytes reduce the production of type II 
collagen and aggrecan and increase proteolytic 
enzymes, leading to cartilage destruction [39, 43]. 
Furthermore, aggrecan induces the release of GAGs 
and, which bind to aggrecan core proteins to form 
proteoglycans and play a role in cartilage elasticity 
[45]. Besides MMPs, cleavage of aggrecan can be 
mediated by several members of ADAMTS such as 
ADAMTS-4 and ADAMTS-5 in OA pathogenesis [46]. 

ADAMTS members play an important role in the 
degradation of proteoglycans and loss of GAGs [47]. 
Both ADAMTS-4 and ADAMTS-5 are key enzymes 
for cleaving aggrecans, but only ADAMTS-5 is active 
[48, 49]. In our study, the effects of CSR on the mRNA 
levels of MMP-1, MMP-3, MMP-9, MMP-13, 
ADAMTS-4, ADAMTS-5, aggrecan, and type II 
collagen were evaluated in IL-1β-stimulated 
chondrocytes. CSR treatment inhibited MMP-1, 
MMP-3, MMP-9, MMP-13, ADAMTS-4, and 
ADAMTS-5 expression and degradation of aggrecan 
and type II collagen. Furthermore, the levels of 
MMP-3, MMP-9, MMP-13, aggrecan, and GAGs were 
confirmed in the serum of MIA-induced OA rats. CSR 
inhibited the MMP-3, MMP-9, MMP-13, degradation 
of aggrecan and GAGs. These results suggest that CSR 
has chondroprotective effects by suppressing the 
synthesis of catabolic enzymes. 

The SOX-9 gene is one of the most important 
transcription factors for cartilage formation and 
maintenance of chondrocytic phenotype [50, 51]. 
SOX-9 regulates the expression of cartilage matrix 
genes such as aggrecan and type II collagen [52, 53]. In 
addition, up-regulation of SOX-9 mediated inhibition 
of ADAMTSs [54]. In the present study, the 
expression of SOX-9 was significantly decreased in 
IL-1β-stimulated chondrocytes. CSR increased the 
protein expression of SOX-9. These results suggest 
that CSR can play an important role in the regulation 
of chondrocyte development given the improvements 
in SOX-9 as well as ADAMTSs, aggrecan, and type II 
collagen. 

 

 
Figure 8. The effects of CSR on the femur and knee joints’ volume in MIA-induced OA. (A) Three-dimension micro-CT images and (B) cartilage volume were 
examined by the micro-CT system. Each dataset represents the mean±SD. ###p<0.001 compared with the normal group and **p<0.01, *p<0.05 compared with the control group. 
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Figure 9. Signal pathways of cartilage degradation during OA pathogenesis and progression. 

 
MAPKs (phosphorylation of ERK, JNK, and p38) 

and NF-κB are important signaling pathways in OA 
pathogenesis [14]. MAPKs activity is related in the 
process regulation of cartilage degradation and MMP 
expression and is involved in cellular activities such 
as cell subdivision, proliferation, and survival [55, 56]. 
The transcription factor NF-κB pathway is activated 
by phosphorylation of MAPKs and is involved in the 
regulation of inflammatory mediators as well as OA 
progression [57]. In the inactive state, NF-κB is 
localized to the cytoplasm with its inhibitor subunit 
IκBα [58]. After stimulation by IL-1β, NF-κB is 
separated from the IκBα subunit and is translocated to 
the nucleus [59]. After nuclear translocation, NF-κB 
upregulates inflammatory mediators and catabolic 
enzymes that contribute to OA progression [49, 59]. In 
this study, the protein expression of MAPKs, 
degradation of IκBα, and translocation of p65 were 
significantly promoted in IL-1β-stimulated 
chondrocytes. These results suggest that the 
MAPKs/NF-κB signaling pathway is affected by CSR 
treatment and could be the primary molecular 
pathway in OA pathology and can be an effective 
target for therapy.  

Furthermore, CSR brought about tissue-specific 
changes as seen by histological and micro-CT analysis 
to objectively assess the physiological and 
pathological status of the affected cartilage. H&E 
staining identified destruction of cartilage, thinner 
cartilage layers, and rough surfaces. Safranin O 

staining confirmed proteoglycan around the cartilage. 
Histological analysis showed that control animals 
with MIA-induced OA showed more abnormalities in 
proteoglycan distribution, cartilage thickness, 
synovial membranes, and fibrous tissue than the 
normal animals; whereas, the CSR-treated group 
suppressed cartilage deformity, increased 
proteoglycans, and normalized the synovial 
membrane and fibrous tissue as compared to the 
control group. This result was consistent with the 
OARSI score. Finally, micro-CT analysis of the 
cartilage volume of the knee joint showed that the 
volume of cartilage was greater in the CSR-treated 
groups than the control group. Furthermore, the 
components of CSR are needed a mechanism study 
for OA inflammatory processes.  

Conclusion 
Our results demonstrated that CSR reduced 

ECM degradation and catabolic enzymes by 
inhibition of NF-κB and MAPKs signaling pathways 
in IL-1β-stimulated chondrocytes. Also, CSR reduced 
the inflammatory mediators, catabolic enzymes and 
ECM degradation in the rats with MIA induced OA. 
Furthermore, CSR treatment also decreased the 
OARSI scores in addition to the extent of synovitis. 
Overall, CSR can be a potent drug for the treatment of 
OA via the decreased catabolic enzyme synthesis and 
increased anabolic enzyme secretion. 



Int. J. Med. Sci. 2021, Vol. 18 

 
http://www.medsci.org 

871 

Abbreviations 
ADAMTS, A Disintegrin and Metalloproteinase 

with Thrombospondin motifs; CSR, Caragana sinica 
root; COX-2, Cyclooxygenase-2; ECM, Extracellular 
matrix; GAGs, Glycosaminoglycans; IL-1β, 
Interleukin-1β; IκBα, Inhibitor of kappa b alpha; 
iNOS, Inducible nitric oxide synthase; KPA, 
kobophenol A; NF-κB, Nuclear factor-κB; NO, Nitric 
oxide; NSAIDs, Nonsteroidal anti-inflammatory 
drugs; MIA, Monosodium iodoacetate; MARK, 
Mitogen-activated protein kinase; MMPs, Matrix 
metalloproteinases; OARSI, Osteoarthritis Research 
Society International; PGE2, Prostaglandin E2; p-ERK, 
Phosphorylation-ERK; p-JNK, Phosphorylation-JNK; 
p-P38, Phosphorylation-P38; OA, Osteoarthritis. 

Acknowledgements 
This research was supported by the Daejeon 

University Research Grants (2018) 

Competing Interests 
The authors have declared that no competing 

interest exists. 

References 
1. Malemud CJ, Islam N, Haqqi TM. Pathophysiological mechanisms in 

osteoarthritis lead to novel therapeutic strategies. Cells Tissues Organs. 2003; 
174: 34-48. 

2. Aicher WK, Rolauffs B. The spatial organisation of joint surface chondrocytes: 
review of its potential roles in tissue functioning, disease and early, preclinical 
diagnosis of osteoarthritis. Annals of the rheumatic diseases. 2014; 73: 645-53. 

3. Thysen S, Luyten FP, Lories RJ. Targets, models and challenges in 
osteoarthritis research. Disease models & mechanisms. 2015; 8: 17-30. 

4. Sandell LJ, Aigner T. Articular cartilage and changes in arthritis: cell biology of 
osteoarthritis. Arthritis Research & Therapy. 2001; 3: 107. 

5. Nakata K, Ono K, Miyazaki J-i, Olsen BR, Muragaki Y, Adachi E, et al. 
Osteoarthritis associated with mild chondrodysplasia in transgenic mice 
expressing alpha 1 (IX) collagen chains with a central deletion. Proceedings of 
the National Academy of Sciences. 1993; 90: 2870-4. 

6. Luo Z, Zheng B, Jiang B, Xue X, Xue E, Zhou Y. Peiminine inhibits the IL-1β 
induced inflammatory response in mouse articular chondrocytes and 
ameliorates murine osteoarthritis. Food & function. 2019; 10: 2198-208. 

7. Liu-Bryan R, Terkeltaub R. Emerging regulators of the inflammatory process 
in osteoarthritis. Nature Reviews Rheumatology. 2015; 11: 35. 

8. Burrage PS, Mix KS, Brinckerhoff CE. Matrix metalloproteinases: role in 
arthritis. Front Biosci. 2006; 11: 529-43. 

9. Shakibaei M, Allaway D, Nebrich S, Mobasheri A. Botanical extracts from 
rosehip (rosa canina), willow bark (salix alba), and nettle leaf (urtica dioica) 
suppress IL-1-Induced NF-κB activation in canine articular chondrocytes. 
Evidence-Based Complementary and Alternative Medicine. 2012; 2012. 

10. Kong D, Zheng T, Zhang M, Wang D, Du S, Li X, et al. Static mechanical stress 
induces apoptosis in rat endplate chondrocytes through MAPK and 
mitochondria-dependent caspase activation signaling pathways. PloS one. 
2013; 8: e69403. 

11. Kawai T, Akira S. Toll-like receptor downstream signaling. Arthritis Res Ther. 
2004; 7: 12. 

12. Wojdasiewicz P, Poniatowski ŁA, Szukiewicz D. The role of inflammatory and 
anti-inflammatory cytokines in the pathogenesis of osteoarthritis. Mediators of 
inflammation. 2014; 2014. 

13. Scheller J, Chalaris A, Schmidt-Arras D, Rose-John S. The pro-and 
anti-inflammatory properties of the cytokine interleukin-6. Biochimica et 
Biophysica Acta (BBA)-Molecular Cell Research. 2011; 1813: 878-88. 

14. Tu C, Huang X, Xiao Y, Song M, Ma Y, Yan J, et al. Schisandrin A Inhibits the 
IL-1β-Induced Inflammation and Cartilage Degradation via Suppression of 
MAPK and NF-κB Signal Pathways in Rat Chondrocytes. Frontiers in 
pharmacology. 2019; 10. 

15. Zheng W, Tao Z, Chen C, Zhang C, Zhang H, Ying X, et al. Plumbagin 
prevents IL-1β-induced inflammatory response in human osteoarthritis 
chondrocytes and prevents the progression of osteoarthritis in mice. 
Inflammation. 2017; 40: 849-60. 

16. Lee HJ, Lee SM, Moon YG, Jung YS, Lee JH, Venkatarame Gowda Saralamma 
V, et al. Membrane-Free Stem Cell Components Inhibit 
Interleukin-1α-Stimulated Inflammation and Cartilage Degradation In vitro 
and In vivo: A Rat Model of Osteoarthritis. International Journal of Molecular 
Sciences. 2019; 20: 4869. 

17. Xue M, McKelvey K, Shen K, Minhas N, March L, Park S-Y, et al. Endogenous 
MMP-9 and not MMP-2 promotes rheumatoid synovial fibroblast survival, 
inflammation and cartilage degradation. Rheumatology. 2014; 53: 2270-9. 

18. Chabane N, Zayed N, Afif H, Mfuna-Endam L, Benderdour M, Boileau C, et 
al. Histone deacetylase inhibitors suppress interleukin-1β-induced nitric oxide 
and prostaglandin E2 production in human chondrocytes. Osteoarthritis and 
Cartilage. 2008; 16: 1267-74. 

19. Hellio Le Graverand-Gastineau M-P. Disease modifying osteoarthritis drugs: 
facing development challenges and choosing molecular targets. Current drug 
targets. 2010; 11: 528-35. 

20. Guidelines ACoRSoO. Recommendations for the medical management of 
osteoarthritis of the hip and knee: 2000 update. Arthritis Rheum. 2000; 43: 
1905-15. 

21. Goldring MB, Berenbaum F. Emerging targets in osteoarthritis therapy. 
Current opinion in pharmacology. 2015; 22: 51-63. 

22. Mobasheri A. The future of osteoarthritis therapeutics: targeted 
pharmacological therapy. Current rheumatology reports. 2013; 15: 364. 

23. de Andrade MAP, de Oliveira Campos TV, de Abreu-e-Silva GM. 
Supplementary methods in the nonsurgical treatment of osteoarthritis. 
Arthroscopy: The Journal of Arthroscopic & Related Surgery. 2015; 31: 785-92. 

24. Yang S, Eaton CB, McAlindon TE, Lapane KL. Effects of glucosamine and 
chondroitin supplementation on knee osteoarthritis: an analysis with marginal 
structural models. Arthritis & Rheumatology. 2015; 67: 714-23. 

25. Cho H, Park J-H, Ahn E-K, Oh JS. Kobophenol A Isolated from Roots of 
Caragana sinica (Buc’hoz) Rehder exhibits anti-inflammatory activity by 
regulating NF-κB nuclear translocation in J774A. 1 cells. Toxicology reports. 
2018; 5: 647-53. 

26. Kitanaka S, Ikezawa T, Yasukawa K, YAMANOUCHI S, TAKIDA M, SUNG 
HK, et al. (+)-α-viniferin, an anti-inflammatory compound from Caragana 
chamlagu root. Chemical and Pharmaceutical Bulletin. 1990; 38: 432-5. 

27. Lee SR, Kwak JH, Kim HJ, Pyo S. Neuroprotective effects of kobophenol A 
against the withdrawal of tropic support, nitrosative stress, and mitochondrial 
damage in SH-SY5Y neuroblastoma cells. Bioorganic & medicinal chemistry 
letters. 2007; 17: 1879-82. 

28. Meng Q, Niu Y, Niu X, Roubin RH, Hanrahan JR. Ethnobotany, 
phytochemistry and pharmacology of the genus Caragana used in traditional 
Chinese medicine. Journal of ethnopharmacology. 2009; 124: 350-68. 

29. Lee S-R, Kwak J-H, Park D-S, Pyo S. Protective effect of kobophenol A on nitric 
oxide-induced cell apoptosis in human osteoblast-like MG-63 cells: 
involvement of JNK, NF-κB and AP-1 pathways. International 
immunopharmacology. 2011; 11: 1251-9. 

30. Kwak J-H, Lee S-R, Park H-J, Byun H-E, Sohn E-H, Kim B-O, et al. Kobophenol 
A enhances proliferation of human osteoblast-like cells with activation of the 
p38 pathway. International immunopharmacology. 2013; 17: 704-13. 

31. Geller DA, Billiar TR. Molecular biology of nitric oxide synthases. Cancer and 
Metastasis Reviews. 1998; 17: 7-23. 

32. Bianchi A, Moulin D, Sebillaud S, Koufany M, Galteau M-M, Netter P, et al. 
Contrasting effects of peroxisome-proliferator-activated receptor (PPAR) γ 
agonists on membrane-associated prostaglandin E 2 synthase-1 in 
IL-1β-stimulated rat chondrocytes: evidence for PPARγ-independent 
inhibition by 15-deoxy-Δ 12, 14 prostaglandin J 2. Arthritis research & therapy. 
2005; 7: R1325. 

33. Akhtar N, Khan NM, Ashruf OS, Haqqi TM. Inhibition of cartilage 
degradation and suppression of PGE2 and MMPs expression by pomegranate 
fruit extract in a model of posttraumatic osteoarthritis. Nutrition. 2017; 33: 
1-13. 

34. Koch B, Baum W, Burmester G, Rohwer P, Reinke M, Zacher J, et al. 
Prostaglandin E2, interleukin 1 and gamma interferon production of 
mononuclear cells of patients with inflammatory and degenerative joint 
diseases. Zeitschrift fur Rheumatologie. 1989; 48: 194-9. 

35. Futani H, Okayama A, Matsui K, Kashiwamura S, Sasaki T, Hada T, et al. 
Relation between interleukin-18 and PGE2 in synovial fluid of osteoarthritis: a 
potential therapeutic target of cartilage degradation. Journal of 
Immunotherapy. 2002; 25: S61-S4. 

36. De Boer T, Huisman A, Polak A, Niehoff A, Van Rinsum A, Saris D, et al. The 
chondroprotective effect of selective COX-2 inhibition in osteoarthritis: ex vivo 
evaluation of human cartilage tissue after in vivo treatment. Osteoarthritis and 
cartilage. 2009; 17: 482-8. 

37. Fioravanti A, Tinti L, Pascarelli NA, Di Capua A, Lamboglia A, Cappelli A, et 
al. In vitro effects of VA441, a new selective cyclooxygenase-2 inhibitor, on 
human osteoarthritic chondrocytes exposed to IL-1β. Journal of 
pharmacological sciences. 2012: 12016FP. 

38. Nagase H, Brew K. Engineering of tissue inhibitor of metalloproteinases 
mutants as potential therapeutics. Arthritis Research & Therapy. 2002; 4: S51. 

39. Hu Y, Xiang JS, DiGrandi MJ, Du X, Ipek M, Laakso LM, et al. Potent, selective, 
and orally bioavailable matrix metalloproteinase-13 inhibitors for the 
treatment of osteoarthritis. Bioorganic & medicinal chemistry. 2005; 13: 
6629-44. 

40. Neuhold LA, Killar L, Zhao W, Sung M-LA, Warner L, Kulik J, et al. Postnatal 
expression in hyaline cartilage of constitutively active human collagenase-3 



Int. J. Med. Sci. 2021, Vol. 18 

 
http://www.medsci.org 

872 

(MMP-13) induces osteoarthritis in mice. The Journal of clinical investigation. 
2001; 107: 35-44. 

41. Minond D, Lauer-Fields JL, Cudic M, Overall CM, Pei D, Brew K, et al. The 
roles of substrate thermal stability and P2 and P1′ subsite identity on matrix 
metalloproteinase triple-helical peptidase activity and collagen specificity. 
Journal of Biological Chemistry. 2006; 281: 38302-13. 

42. Pan T, Wu D, Cai N, Chen R, Shi X, Li B, et al. Alpha-Mangostin protects rat 
articular chondrocytes against IL-1β-induced inflammation and slows the 
progression of osteoarthritis in a rat model. International 
immunopharmacology. 2017; 52: 34-43. 

43. Pap T, Korb-Pap A. Cartilage damage in osteoarthritis and rheumatoid 
arthritis—two unequal siblings. Nature Reviews Rheumatology. 2015; 11: 606. 

44. Lee Y-J, Kim SA, Lee S-H. Hyaluronan suppresses lidocaine-induced 
apoptosis of human chondrocytes in vitro by inhibiting the p53-dependent 
mitochondrial apoptotic pathway. Acta Pharmacologica Sinica. 2016; 37: 664. 

45. Lee SA, Moon S-M, Han SH, Hwang EJ, Park B-R, Kim J-S, et al. 
Chondroprotective effects of aqueous extract of Anthriscus sylvestris leaves 
on osteoarthritis in vitro and in vivo through MAPKs and NF-κB signaling 
inhibition. Biomedicine & Pharmacotherapy. 2018; 103: 1202-11. 

46. Zhang E, Yan X, Zhang M, Chang X, Bai Z, He Y, et al. Aggrecanases in the 
human synovial fluid at different stages of osteoarthritis. Clinical 
rheumatology. 2013; 32: 797-803. 

47. Xia T, Gao R, Zhou G, Liu J, Li J, Shen J. Trans-Cinnamaldehyde Inhibits 
IL-1β-Stimulated Inflammation in Chondrocytes by Suppressing NF-κB and 
p38-JNK Pathways and Exerts Chondrocyte Protective Effects in a Rat Model 
of Osteoarthritis. BioMed research international. 2019; 2019. 

48. Pfander D, Heinz N, Rothe P, Carl H, Swoboda B. Tenascin and aggrecan 
expression by articular chondrocytes is influenced by interleukin 1β: a 
possible explanation for the changes in matrix synthesis during osteoarthritis. 
Annals of the rheumatic diseases. 2004; 63: 240-4. 

49. Rigoglou S, Papavassiliou AG. The NF-κB signalling pathway in osteoarthritis. 
The international journal of biochemistry & cell biology. 2013; 45: 2580-4. 

50. CAO L-p, YU J-h, YIN G-j, LI J-l, DING W-d. The cloning and analysis of SOX9 
gene derived from Oreochromis aurea [J]. Journal of Shanghai Fisheries 
University. 2008; 1. 

51. Underhill TM. Methods for stimulating chondrogenesis utilizing a potassium 
channel inhibitor. Google Patents; 2011. 

52. Lefrebvre V, de Crombrugghe B. Toward understanding S0X9 function in 
chondrocyte differentiation. Matrix Biology. 1998; 16: 529-40. 

53. Hardingham TE, Oldershaw RA, Tew SR. Cartilage, SOX9 and Notch signals 
in chondrogenesis. Journal of anatomy. 2006; 209: 469-80. 

54. Zhang Q, Ji Q, Wang X, Kang L, Fu Y, Yin Y, et al. SOX9 is a regulator of 
ADAMTSs-induced cartilage degeneration at the early stage of human 
osteoarthritis. Osteoarthritis and cartilage. 2015; 23: 2259-68. 

55. Sondergaard B-C, Schultz N, Madsen S, Bay-Jensen A-C, Kassem M, Karsdal 
M. MAPKs are essential upstream signaling pathways in proteolytic cartilage 
degradation–divergence in pathways leading to aggrecanase and 
MMP-mediated articular cartilage degradation. Osteoarthritis and cartilage. 
2010; 18: 279-88. 

56. Selim KA, Abdelrasoul H, Aboelmagd M, Tawila AM. The role of the MAPK 
signaling, topoisomerase and dietary bioactives in controlling cancer 
incidence. Diseases. 2017; 5: 13. 

57. Ahmed S, Wang N, Hafeez BB, Cheruvu VK, Haqqi TM. Punica granatum L. 
extract inhibits IL-1β–Induced expression of matrix metalloproteinases by 
inhibiting the activation of MAP kinases and NF-κB in human chondrocytes in 
vitro. The Journal of nutrition. 2005; 135: 2096-102. 

58. Zheng W, Chen C, Zhang C, Cai L, Chen H. The protective effect of phloretin 
in osteoarthritis: an in vitro and in vivo study. Food & function. 2018; 9: 263-78. 

59. Feng Z, Li X, Lin J, Zheng W, Hu Z, Xuan J, et al. Oleuropein inhibits the 
IL-1β-induced expression of inflammatory mediators by suppressing the 
activation of NF-κB and MAPKs in human osteoarthritis chondrocytes. Food 
& function. 2017; 8: 3737-44. 


