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Objective: Osteoarthritis (OA), a degenerative disease marked by cartilage erosion and synovial proliferation, has led to an increased 
interest in natural plant-based compounds to slow its progression. Pristimerin(Pri), a triterpenoid compound derived from Tripterygium 
wilfordii, has demonstrated anti-inflammatory and antioxidant characteristics. This study explores the protective effects of Pri on OA 
and its potential mechanisms.
Methods: In this study, we examined the impact of Pri on the expression of inflammatory factors and extracellular matrix(ECM) 
degradation induced by IL-1β in chondrocyte experiments. Bioinformatics analysis was then performed to investigate the potential 
signaling pathways involved in Pri’s protective effects. Finally, the efficacy of Pri in reducing cartilage degradation was further 
evaluated in a destabilization of the medial meniscus (DMM) mouse model.
Results: Utilizing bioinformatics analysis and in vitro studies, it was revealed that Pri inhibits the activation of NF-κB and MAPK 
signaling pathways, leading to the reversal of upregulated MMP-13 (matrix metalloproteinases-13), iNOS (inducible nitric oxide 
synthase), and COX-2(cyclooxygenase-2) elicited by IL-1β stimulation, as well as the partial restoration of Collagen-II levels. 
Furthermore, in a DMM mouse model, the group treated with Pri exhibited reduced cartilage degradation and slowed OA progression 
compared to the modeling group.
Conclusion: This research highlights Pri as a potential therapeutic agent for delaying OA progression.
Keywords: pristimerin, MAPK/NF-κB, chondrocyte inflammation, cartilage protection, osteoarthritis, RNA transcriptome sequencing

Introduction
OA is a prevalent condition that affects joints, marked by the progressive deterioration of cartilage within the joint, 
alterations in the underlying bone structure, and the formation of bony outgrowths.1,2 The incidence of OA exhibits 
a consistent increase with advancing age, significantly influencing the health status of individuals and emerging as 
a primary reason for disability within the elderly demographic.3

This condition commonly appears due to gradual joint degeneration over time, resulting in stiffness, pain, and 
decreased mobility.4 These symptoms are more common in weight-bearing joints.5,6 In advanced stages, OA can also 
cause significant joint swelling and deformity.7 These clinical manifestations highlight the complexity of this degen-
erative joint disorder and emphasize its multifaceted impact on patients’ health.8–10 Recent research has indicated that the 
upregulation of inflammatory factor expression is an integral part of the development of OA.11,12 It’s worth noting that 
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excessive expression of IL-1β significantly accelerates the progression of OA.13 Specifically, the elevated secretion 
initiates the generation and discharge of inflammatory agents and catabolic elements, such as cyclooxygenase-2 (COX-2), 
matrix metalloproteinases-13 (MMP-13), and inducible nitric oxide synthase (iNOS).14 The excessive release of 
inflammatory mediators accelerates the degradation of the extracellular matrix (ECM), critically undermining the 
structural integrity of cartilage tissue. This degradation results in chondrocytes losing their supportive and protective 
niche, which consequently disrupts their physiological functions. Essential components of the ECM, including collagen 
and proteoglycans, play critical roles in sustaining the normal metabolism, proliferation, and differentiation of chon-
drocytes. Excessive degradation of these ECM components severely impairs chondrocyte function, inducing abnormal 
cellular stress, elevating apoptosis rates, and ultimately accelerating joint degeneration. Thus, promising prospects for 
influencing the initiation and progression of OA lie in the effective inhibition of IL-1β-induced inflammation.

Currently, OA management involves a combination of pharmaceutical and surgical approaches.15,16 Pharmacological 
treatment mainly includes the use of nonsteroidal anti-inflammatory drugs (NSAIDs) such as ibuprofen and aspirin to 
alleviate pain and mitigate inflammation; however, prolonged NSAIDs use may compromise renal and gastrointestinal 
functions, and these drugs cannot reverse the progression of the disease.17 Surgical interventions are predominantly 
directed towards patients in advanced stages, with the primary goal of joint replacement.18 Nevertheless, these 
procedures are accompanied by notable drawbacks, including high financial costs and considerable trauma. Emerging 
research underscores the potential of natural plant compounds in retarding OA progression.19–22

Pri is derived from Tripterygium wilfordii, a widely distributed shrub in China belonging to the Celastraceae family. 
Tripterygium wilfordii is an ancient traditional Chinese medicine with hemostatic, anti-rheumatic, and anti-inflammatory 
properties. Considerable investigations highlight Pri’s pharmacological spectrum, encompassing broad-spectrum anti-
tumor, anti-inflammatory, and antioxidant activities.23,24 Specifically, Pri mediated anticancer effects and enhancement of 
susceptibility in human skin cancer cells via adjustment of MAPK signaling pathway.25 Furthermore, Pri alleviates 
tendon lesions by regulating autophagy to stabilize AIM2-Picard/ASC.26 However, there is currently no research reported 
on the involvement of Pri in OA. The aim of this research is to clarify the specific therapeutic effects and potential 
mechanisms of Pri in treating OA through bioinformatics analysis and in vitro and in vivo studies for the first time.

Materials and Methods
Materials and Reagents
In this experimental setup, MedChemExpress (Shanghai,China) supplied the Pristimerin (purity≥98%, HY-N1937, CAS 
number:1258–84-0) and Adezmapimod (purity≥99%, HY-10256, CAS number:152121–47-6). Primary antibodies against 
including collagen-II (CatNo.28459-1-AP), iNOS (CatNo.18985-1-AP), GAPDH (CatNo.60004-1-Ig), COX-2 
(CatNo.12375-1-AP), β-actin (CatNo.66009-1-Ig), LaminB (Cat No.12987-1-AP), and MMP-13 (Cat No.18165-1-AP) 
(with a dilution concentration of 1:3000) were applied by Proteintech (Wuhan, China). Additionally,p65 (Cat No. ab32536), 
IκBα (Cat No.ab32518), p-p65 (Cat No.ab31624),and p-IκBα (Cat No.ab92700) (with a dilution concentration of 1:1000) 
were acquired from Abcam (Cambridge, UK). P38 (Cat No.9212S), P-JNK (Cat No.4668T), P-ERK (Cat No.4370T), JNK 
(Cat No. 9252T), ERK (Cat No.4370T), and P-P38 (Cat No.4511T) (with a dilution concentration of 1:2000) were sourced 
from Cell Signaling Technology (America, USA). Zhongshan Golden Bridge Biotechnology provides Goat AntiRabbit IgG 
(with a dilution concentration of 1:2000). Goat Anti-Mouse IgG was sourced by HuaAn Biotechnology (with a dilution 
concentration of 1:5000). Penicillin–streptomycin solution (100x), SYBR Green master mix, Collagenase II,0.25% trypsin 
and cDNA Synthesis reagent were procured from Yi Sheng Biotechnology (Shanghai) Co,LTD. PageRuler™ Prestained 
Protein Ladder and Pierce™ BCA were obtained from Thermo Fisher Scientific. Fetal Bovine Serum of Australian Origin 
was purchased from Hangzhou Ouyuan Biotechnology Co, LTD. The RNA-Quick Purification kit was applied from 
Shanghai Yi Shan Biological Technology Co, LTD.

Extraction and Cultivation of Primary Murine Chondrocytes
Articular cartilage was harvested from the knees of neonatal wild-type mice (≤ 5 days old) under sterile conditions, with 
tissue collection performed using a dissecting microscope to ensure precision. Following dissection, cartilage samples 
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were transferred into sterile tubes containing PBS for temporary storage. Cartilage softening and chondrocyte isolation 
were subsequently achieved via enzymatic digestion with 2 mg/mL type II collagenase. Samples were incubated at 37°C 
in a CO2 incubator for 4–6 hours, with gentle agitation every 30 minutes to promote uniform digestion, then centrifuged 
at 300 g for 5 minutes to collect chondrocytes. Cells were resuspended in chondrocyte growth medium (DMEM 
supplemented with 10% fetal bovine serum (FBS), 1% penicillin-streptomycin, and 1% L-glutamine) and plated in 
6-well plates at a density of 1x105 cells per well. Chondrocytes were maintained at 37°C in a 5% CO2 incubator, with 
media changes every 2–3 days. Once cells reached 80%-90% confluence, they were detached using 0.25% trypsin-EDTA 
solution for 2–3 minutes at 37°C. Detached cells were centrifuged, counted, and passaged at a 1:3 ratio. To preserve the 
phenotypic stability of chondrocytes, only passages F1 to F3 were used in subsequent experiments, as later passages are 
prone to dedifferentiation. All procedures were performed under aseptic conditions to avoid contamination.

Cell Viability Assay
The viability of chondrocytes was assessed through the Cell Counting Kit-8 (CCK-8) assay. Chondrocytes were initially 
seeded into 96-well microplates at a density of 8 × 10^3 cells per well and then treated with varying concentrations of 
Pristimerin (25 nm, 50 nm, 100 nm, 200 nm, 400 nm, 800 nm, 1000 nm, 2000 nm, and 4000 nm). After incubation 
periods of 24 and 48 hours, 10% CCK-8 reagent was added to the culture medium, followed by an additional 1–2 hours 
of incubation. Absorbance was subsequently measured using a spectrophotometer to evaluate cell viability.

RNA Extraction and Real-Time Polymerase Chain Reaction
Full RNA was extracted from chondrocytes according to the manufacturer’s protocol. Firstly, the RNA was reverse- 
transcribed into cDNA. Then, Real-time quantitative polymerase chain reaction (RT-qPCR) was performed using the 
Roche LightCycler 480 detection system. Normalization of target mRNA levels to GAPDH levels was conducted, and 
the relative gene expression was determined using the 2−ΔΔCT method. The sequence of the target gene is as follows: 
MMP-13: forward: TGTTTGCAGAGCACTACTTGAA, reverse: CAGTCACCTCTAAGCCAAAGAAA (length: 
150bp); iNOS: forward: GGAGTGACGGCAAACATGACT, reverse: TCGATGCACAACTGGGTGAAC (length: 
200bp); Collagen-II: forward: CAGGATGCCCGAAAATTAGGG, reverse: ACCACGATCACCTCTGGGT (length: 
180bp); GAPDH: forward: TGACCTCAACTACATGGTCTACA, reverse: CTTCCCATTCTCGGCCTTG (length: 
140bp); COX-2: forward: TTCCAATCCATGTCAAAACCGT, reverse: AGTCCGGGTACAGTCACACTT (length: 
170bp).

Protein Extraction and Western-Blot Assay
After washing cartilaginous cells three times with pre-chilled PBS, protein extraction was performed by adding lysis 
buffer. The lysate was prepared by combining PMSF and RIPA buffer (1:100) and underwent a 40-minute ice-cold lysis. 
Following that, the lysate underwent high-speed centrifugation at 4 °C (14,400 rpm,15 minutes). Subsequently, the 
obtained supernatant was collected, and the protein content in the samples was assessed utilizing the BCA protein assay 
kit. Total proteins were electrophoretically separated on an 8% SDS-polyacrylamide gel at 80 V for 1 hour and 120 V for 
an additional hour, and subsequently transferred onto a PVDF membrane. After 2 hours of room temperature incubation 
with 5% skim milk for membrane blocking, the membrane underwent three washes with TBST, each lasting 10 minutes. 
The membrane was incubated overnight at 4 °C with the primary antibody dilution buffer. Following an overnight 
incubation period, the membrane was rinsed three times with 1% TBST for 10 minutes each. Subsequently, the 
membrane was incubated with a specific secondary antibody at room temperature for 2 hours. After three additional 
washes with TBST, protein expression was detected using the ChemiDoc™ MP imaging system.

Immunofluorescence
After cultivating chondrocytes in confocal dishes, the chondrocytes were treated with IL-1β or IL-1β+Pri (200nmol) for 
24 hours. They were fixed with 4% paraformaldehyde for 30 minutes, followed by an additional three washes with PBS. 
Subsequently, membrane permeabilization was achieved using 0.3% Triton X-100 for 25 minutes, after being blocked with 
5% BSA for 50 minutes, the cells were incubated with the primary antibody for overnight. After the overnight incubation, 
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cells underwent a triple wash with PBS, followed by 2 hours of incubation with the secondary antibody. Subsequently, DAPI 
staining was performed for 5 minutes. Finally, fluorescence intensity was assessed using laser confocal microscopy.

RNA Transcriptome Sequencing
Chondrocytes from the F1 generation were treated with IL-1β or for 24 hours. Subsequently, RNA was extracted from the 
control group, IL-1β group, and IL-1β+Pri (200nmol) group for transcriptome sequencing. Specifically, the raw data of 
transcriptome sequencing were filtered to obtain high-quality data. The DESeq v1.40.2 software was employed to study 
differential gene expression among the groups, with conditions set as |log2FC| > 1 for fold change and P < 0.05 for 
significance, to filter differentially expressed genes. To explore the functional roles of significantly differentially 
expressed mRNAs and their associated signaling pathways, we conducted enrichment analyses on KEGG and GO 
pathways. The relevant information was then visualized and analyzed using the R language.

Molecular Modeling
Alphafold was employed to generate predictive models for the target protein’s structures. When setting the protonation 
state of the small molecule to pH = 7.4, the compound was transformed into its three-dimensional structure. AutoDock 
Tools 3 was utilized to prepare the receptor protein and ligand, including the generation of docking boxes through 
AutoGrid. Subsequently, we performed molecular docking using AutoDock Vina. Ultimately, the protein-ligand inter-
action diagram was created using PyMOL.

Animal Model
Eight-week-old male wild-type mice were purchased from Jiangsu Jicui Yaokang Biotechnology Co., Ltd with an average 
weight ranging from 25 to 30 g. Eighteen mouse were randomly divided into three groups: sham surgery group, model group, 
and Pri treatment group. The OA model was induced according to established protocols, four weeks post DMM surgery. The 
drug treatment group received an intra-articular injection of Pri solution at a volume of 5 µL with a concentration of 200 
nmol,27 administered weekly for four consecutive weeks. The modeling group and sham surgery group were administered 
a matching quantity of normal saline weekly for four consecutive weeks. In the end, euthanasia was performed on the 18 
mouse two months post-DMM surgical operation, followed by the collection of joint tissue specimens for further assessment.

Histological Analysis
Knee joints were procured, and each sample was fixed in 4% paraformaldehyde for 48 hours. Subsequently, the specimen 
was decalcified in a 10% EDTA solution for one month. The decalcified specimen embedded in paraffin was sectioned 
into 5μm-thick slices. To assess the extent of cartilage erosion, Safranin-O/Fast Green and Hematoxylin-Eosin staining 
were employed for evaluation. The evaluation of histological changes in root sections was performed using an optical 
microscope and the OARSI scoring system. The sections were subjected to an overnight incubation with MMP-13 and 
Collagen-II antibodies, subsequently, the corresponding enzyme-linked secondary antibodies were incubated at ambient 
temperature for two hours. Alterations in expression were observed and documented. Stained sections were carefully 
photographed under an optical microscope.

Statistical Analysis
All experiments were independently conducted three times. GraphPad Prism 9 was utilized for graphical representation. 
One-way analysis of variance (ANOVA) was applied for comparing multiple groups, followed by Tukey’s test for 
pairwise comparisons. A significance level of P < 0.05 was deemed statistically significant.

Results
Effect of Pri on the Viability of Chondrocytes
Figure 1A shows the molecular structure of Pri. Chondrocytes underwent treated with various concentrations of Pri (25 
nm,50 nm, 100 nm, 200 nm, 400 nm, 800 nm, 1000 nm, 2000 nm, 4000 nm) for 24 and 48 hours. The effects of Pri on 
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chondrocyte viability were assessed utilizing the CCK-8 (a widely utilized assay for assessing cell proliferation and 
viability) test. Pri concentrations below 400 nmol showed no apparent effect on chondrocyte viability. In contrast, 
concentrations at or above 400 nmol led to a gradual decrease in cell viability (Figure 1B and C). Consequently, Pri 
concentrations of (50 nm, 100 nm and 200 nm) were selected for ensuing trials.

Effect of Pri on IL-1β-Induced Inflammatory Factors in Chondrocytes
Elevated IL-1β levels serve as a pivotal driver in the progression of OA, markedly upregulating the expression of 
additional inflammatory mediators, thereby intensifying the inflammatory cascade. This cascade of heightened inflam-
matory mediators contributes to enhanced cellular apoptosis and inhibits the synthesis of the cartilage matrix. After 
stimulation with IL-1β or Pri+IL-1β, the impact of Pri on the mRNA and protein of iNOS and COX-2 was assessed. The 
findings reveal an increase in the expression of iNOS and COX-2 stimulated by IL-1β, the weakening is diminished in 
a concentration-dependent fashion after treatment with Pri (Figure 2A-E). Specifically, higher concentrations of Pri result 

Figure 1 The molecular structure of Pri and its effect on the viability of chondrocytes. Pri’s impact on the viability of chondrocytes. (A) Pri’s chemical make-up and 
structure. (B and C) Cells were treated by several concentrations (25nm, 50nm, 100nm, 200nm, 400nm, 800nm, 1000nm, 2000nm, 4000nm) for 24 or 48 h. The viability of 
chondrocytes was assessed by CCK-8 assay. The results from three independent experiments are presented as mean ± standard deviation. (***p < 0.001, ****p <0.0001,) 
indicates statistical significance, n=3.

Figure 2 Pri downregulated the upregulated expression of inflammatory mediators, including iNOS and COX-2, at both the protein and mRNA levels. Cells were treated 
with IL-1β (10 ng/mL) with or IL-1β+Pri (50 nm, 100 nm, and 200 nm) for 24 hours. (A–C) Protein expression of iNOS and COX-2 analysis were measured by Western blot. 
(D and E) RT-qPCR was utilized to assess iNOS and COX-2. The results from three independent experiments are presented as mean ± standard deviation (SD). (*p < 0.05, 
***p <0.001, ****p <0.0001, ####p < 0.0001) indicates statistical significance, n=3.
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in a more pronounced attenuation of the observed weakening, demonstrating a clear dose-dependent correlation between 
drug concentration and therapeutic efficacy. Accordingly, our findings indicate that Pri can partially reverse IL-1β- 
induced upregulation of inflammatory mediators, a key mechanism in attenuating the inflammatory response underlying 
osteoarthritis progression.

Pri Regulates Ecm Degradation in Il-1β -stimulated Chondrocytes
The ECM is an essential component of cartilage, offering essential structural support and mechanical properties that are 
vital for regulating chondrocyte metabolism and function. By analyzing the protein and mRNA expression levels of 
MMP-13 and Collagen-II, we assessed the impact of Pri on ECM degradation. After IL-1β stimulation, there was 
a notable elevation in both mRNA and protein levels of MMP-13, coupled with the suppression of Collagen-II mRNA 
and protein expression. In contrast, after treatment with Pri, there was a concentration-dependent reversal of this effect 
(Figure 3A-E). These alterations are pivotal in preserving the integrity of the ECM, as reduced MMP-13 activity 
mitigates cartilage degradation, while elevated Collagen-II levels promote ECM restoration. This regulatory mechanism 
preserves cartilage architecture, preventing further degradation and fostering joint health within the framework of OA. 
The immunofluorescence results aligned with the aforementioned findings (Figure 3F and G). Therefore, Pri effectively 
hinders ECM degradation in cartilage cells.

Pri Inhibits the Activation of the NF-κB Pathway
Our examination aimed to assess the influence of Pri on NF-κB expression and phosphorylation. Upon IL-1β stimulation, 
we observed a significant increase in IκBα (the α subtype of the inhibitor of nuclear factor κB) degradation, coupled with 
noticeable nuclear translocation of p65. On the contrary, the Pri-treated group inhibited the degradation of IκBα and 
reduced the nuclear translocation of P65 (Figure 4A-C). Immunofluorescence microscopy further confirmed the protec-
tive effect of Pri on NF-κB translocation into the nucleus (Figure 4D). Collectively, Pri modulates the NF-κB signaling 
pathway to regulate the progression of OA, which is of great significance as NF-κB plays a central role in driving 
inflammation and catabolic processes in OA.

Analysis of RNA Transcriptome Sequencing Results
To further investigate the potential upstream mechanisms through which Pri alleviates OA, we conducted RNA 
transcriptome sequencing on chondrocytes from the blank group, IL-1β-induced group, and Pri-treated group. KEGG 
pathway analysis revealed that, compared to the blank group, IL-1β prominently upregulated pathways related to cancer, 
MAPK signaling pathway and glycolysis, showing higher enrichment levels (Figure 5A). In contrast, the Pri-treated 
group, relative to the IL-1β-induced group, exhibited significant downregulation in cancer pathways, MAPK signaling 
pathway, and cytokine-cytokine receptor interaction, with high enrichment levels (Figure 5B). Therefore, the MAPK 
signaling pathway might represent a potential upstream mechanism by which Pri mitigates OA, offering a promising 
therapeutic avenue for slowing the progression of osteoarthritis and preserving joint health.

Molecular Docking Results
We conducted an analysis and classification of the identified interaction forces, revealing the direct formation of multiple 
interaction forces between small molecules and receptor proteins. Ligands for Pri, P38, JNK and ERK exhibited stable 
hydrogen bonding interactions. The binding energies for the protein-small molecule complexes were determined to be 
(−7.6 kcal/mol-9.0 kcal/mol, −8.7 kcal/mol), demonstrating an overall outstanding performance (Figure 5C).

Pri Inhibited MAPK Phosphorylation in Chondrocytes
Early investigations have highlighted the central role of the MAPK pathway in OA. Through our exploration, which 
involved RNA transcriptome sequencing and molecule docking analysis, we discovered a close interaction between Pri 
and the MAPK pathway. Therefore, exploring the impact of Pri on the regulation of MAPK-related protein activation 
becomes crucial. Our analysis using WB revealed that IL-1β markedly enhances the phosphorylation of MAPK. In 
contrast, the Pri treatment group exhibited attenuation of MAPK phosphorylation (Figure 6A-D). Then, we employed the 
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p38 agonist adezmapimod to stimulate the MAPK pathway, phosphorylation of P-P38 was assessed by Western blot, with 
subsequent Western blot analyses to measure inflammatory markers and cartilage synthesis-related factors. Results 
indicated that adezmapimod effectively restored p38 phosphorylation levels previously reduced by pri treatment 
(Figure 6E-F). Additional analyses revealed increased protein levels of COX-2, iNOS and MMP-13, alongside 
a reduction in Collagen-II expression. Therefore adezmapimod-mediated p38 activation successfully partially counter-
acted pri-induced changes in inflammatory and cartilage synthesis markers (Figure 6G-K). This suggests that Pri shows 
promise in mitigating the advancement of OA by reducing the Excitation of the IL-1β-stimulated MAPK pathway.

Figure 3 Pri modulated the expression of ECM components, including collagen-II and MMP-13, in IL-1β-stimulated chondrocytes, partially mitigating ECM degradation. 
Chondrocytes were treated with IL-1β (10 ng/mL) with or without Pri (50 nm, 100 nm, and 200 nm) for 24 hours. (A–C) Using Western blot evaluated the protein levels of 
collagen-II and MMP-13.(D and E) The mRNA expression of MMP-13 and Collagen-II was assessed via RT-qPCR. (F and G) Immunofluorescence staining was utilized to 
observe the expression of collagen-II and MMP-13. (*p < 0.05, **p <0.01, ***p <0.001, ****p <0.0001, ###p < 0.001, ####p < 0.0001) indicates statistical significance, n=3.
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Histopathological Analysis and Morphological Evaluation of Tissues
By employing the DMM model in mice, we assessed the in vivo efficacy of Pri in attenuating the progression of OA. 
Safranin-O/Fast Green and Hematoxylin-Eosin staining revealed distinct morphological differences, where the sham- 
operated rats exhibited a smooth articular cartilage surface, contrasting with the OA rats characterized by evident 
roughness, cartilage destruction, and diminished cartilage thickness. Conversely, the mice in the treatment group 
displayed mitigated OA symptoms, demonstrating significantly lower severity than the modeling group (Figure 7A 
and B). Meanwhile, OARSI scores revealed a significant increase in the OA group. On the other hand, the scores in the 
Pri group were markedly lower than those in the OA group (Figure 7C). Additionally, compared with the control group, 
the modeling group displayed a decline in collagen-II-positive cells and an increase in MMP-13-positive cells. This trend 

Figure 4 Pri inhibits activation of the NF-κB pathway, this regulation of NF-κB signaling highlights Pri’s potential therapeutic role in controlling chronic inflammation and 
preserving joint health. Cells were treated with IL-1β (10 ng/mL) with or without Pri (50 nm, 100 nm, and 200 nm) for 6 hours. (A–C) The expression of NF-κB and IκBα 
were investigated using Western blotting. (D) Immunofluorescence staining was utilized to observe to visualize p65 nuclear translocation. (*p <0.05, **p <0.01, ***p <0.001, 
#p < 0.05, ###p < 0.001, ####p < 0.0001) indicates statistical significance,(ns p >0.05) indicates no significant difference, n=3.
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was effectively reversed by Pri treatment (Figure 7D and E). These collective findings indicate that Pri treatment exerts 
a certain degree of inhibition on ECM degradation, providing protection to knee joint tissues against damage and 
inflammation. Consequently, it alleviates the progression of OA.

Discussion
OA, a degenerative condition common among the elderly, is characterized by joint cartilage damage and inflammation.28 

Although NSAIDs are extensively utilized in managing OA, their long-term usage may lead to a range of side effects, 
particularly adverse effects on the digestive system. These medications can potentially induce gastric ulcers, bleeding and 
other gastrointestinal issues.29 Joint replacement surgery remains the sole effective option for advanced OA cases, albeit 
carrying inherent invasiveness and surgical risks.30 Consequently, there exists a necessity to investigate novel therapeutic 
modalities for alleviating the onset and progression of OA. In recent times, there has been extensive exploration of 
traditional plant-derived remedies for their potential in addressing OA.31 Pri, a natural triterpenoid compound derived 
from Tripterygium wilfordii, has demonstrated notable efficacy in conditions such as colitis, autoimmune hepatitis, and 
autoimmune arthritis.32,33 However, the potential therapeutic benefits of Pri in the context of OA and its specific 
mechanisms remain uncharted. This research aims to comprehensively reveal the role and possible mechanisms of Pri 
in slowing down the advancement of OA, employing a combination of in vitro and in vivo experiments and bioinfor-
matics analysis. Through cellular experiments and bioinformatics analysis, we investigate the impact of Pri on key 
signaling pathway and its regulatory effects on associated phenotypic changes. Simultaneously, in vivo experiments 

Figure 5 RNA transcriptome sequencing combined with molecular docking analysis indicates that the MAPK pathway is a potential upstream mechanism through which Pri 
exerts its therapeutic effects in alleviating OA. (A and B) The KEGG pathway analysis was conducted on differentially expressed genes. (C) The molecular docking results 
demonstrate that Pri tightly binds to p38, JNK and ERK proteins. Pri formed hydrogen bonds with SER-202, GLU-109, MET-111, MET-112 and other molecules.
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Figure 6 Pri inhibits the phosphorylation of key proteins in the MAPK pathway, thereby attenuating pro-inflammatory and catabolic signaling responses. Chondrocytes were 
treated with IL-1β (10 ng/mL), IL-1β+Pri (50 nm, 100 nm, and 200 nm) and adezmapimod (10 um) for 12 hours. (A–K) Western blot was used to detect the expression of 
P38, P-P38, ERK, p-ERK, JNK, p-JNK,Collagen II, iNOS, MMP-13, COX-2. (*p < 0.05, **p <0.01, ***p < 0.001,####p < 0.0001, @p < 0.05, @@p <0.01, @@@p < 0.001, 
@@@@p < 0.0001) indicates statistical significance, (ns p >0.05) indicates no significant difference, n=3.
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utilizing an animal model mimicking OA, we explore the tissue-level impacts of Pri to attain a more comprehensive 
comprehension of its therapeutic potential.

At the outset of the experiment, we conducted a cytotoxicity assay to establish the non-toxic concentration range of 
Pri for chondrocytes. It was ultimately determined that Pri at concentrations of 50 nM, 100 nM, and 200 nM did not 
impair chondrocyte viability. Among the myriad pathogenic factors contributing to OA, chronic low-grade inflammation 
stands out as a prominent instigator. In the array of pro-inflammatory cytokines implicated in OA progression, IL-1β 
assumes a pivotal role.34 On one front, the heightened expression of IL-1β triggers chondrocytes to unleash a substantial 
quantity of MMP-13.35 This excessive release of MMP-13 disrupts the delicate equilibrium between ECM degradation 
and synthesis, ultimately resulting in diminished expression of collagen-II.36 On the other hand, IL-1β, through the 
induction of heightened COX-2 gene expression, concurrently amplifies the upregulation of iNOS, resulting in an 
augmented production of iNOS. Elevated NO levels can to a certain extent, impede the synthesis of the ECM and foster 
ECM degradation.37 Our experimental results demonstrate that Pri effectively inhibits the upregulation of iNOS, COX-2, 
MMP-13 and the downregulation of collagen-II. This suggests that Pri plays a protective role in preserving the integrity 
of the ECM, thereby mitigating cartilage degradation in OA.

NF-κB is a transcription factor group that intricately regulates various biological processes, including inflammation, 
immune response, and apoptosis.38 Research indicates that different signaling pathways can activate NF-κB, leading to 

Figure 7 In the mouse DMM model, histological analysis and immunohistochemistry demonstrated that Pri mitigated the progression of OA in vivo. (A and B) After 
8 weeks post-surgery, this figure displays typical Safranin-O/Fast Green and Hematoxylin-Eosin staining of cartilage in three groups, n=6. (C) Sham surgery, DMM, and DMM 
+Pri groups were evaluated according to the scoring system established by OARSI. (D and E) Immunohistochemical staining was performed to detect the expression of 
MMP-13 and Collagen-II in the cartilage samples, n = 6. (****p < 0.0001, ####means p < 0.0001) indicates statistical significance.
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an increased expression of pro-inflammatory and catabolic factors, thereby exacerbating the progression of OA.39,40 It 
actively participates in cellular survival, proliferation, and stress responses, playing a pivotal role in diverse biological 
pathways. NF-κB commonly associates with the inhibitory protein IκBα, existing in an inactive state within the 
cytoplasm. IL-1β can induce the degradation of IκBα, subsequently leading to an elevation in NF-κB nuclear transloca-
tion. In this experiment, Pri mitigates the progression of OA by attenuating IκBα degradation and reversing p65 Nuclear 
migration.41 By disrupting this key inflammatory signaling pathway, Pri effectively limits the activation of pro- 
inflammatory and catabolic factors, highlighting its potential as a therapeutic agent in controlling inflammation and 
preserving cartilage integrity in OA.

To further elucidate the potential pathways by which Pri alleviates the progression of OA, RNA transcriptome 
sequencing reveals that Pri primarily reduces the expression of proteins linked to tumor-related and mitogen-activated 
protein kinase signaling pathways. Molecular docking analysis concurrently indicates a stable interaction between Pri and 
P38, JNK, and ERK. MAPK primarily consists of the P38, JNK and ERK signaling pathways. It transduces extracellular 
stimuli intracellularly, regulating gene expression, and plays a pivotal role in preserving cellular function and adapting to 
environmental changes.42,43 Earlier investigations have indicated that intervention in the MAPK pathway expression can 
alleviate the progression of OA.44,45 In this research, Western blotting results indicate that Pri exhibits a concentration- 
dependent inhibition of the phosphorylation of JNK, ERK and P38. Subsequently, we used P38 phosphorylation agonist 
to stimulate MAPK activation, and protein blotting experiments were used to detect the phosphorylation level of P38 as 
well as the levels of osteoarthritis inflammatory factors and cartilage synthesis-related factors, and found that P38 
agonists were successful in partially reversing the protective effect of pri. Building upon the aforementioned in vitro 
experiments, we conducted further assessments of Pri’s protective effect on OA through in vivo experiments. The DMM 
model was employed to induce the progression of OA, and subsequent intra-articular drug injections were administered 
periodically to evaluate the therapeutic efficacy of Pri. Safranin-O/Fast Green and H-E staining results revealed 

Figure 8 Molecular mechanism of Pristimerin on IL-1β-induced mouse chondrocytes.
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a noteworthy reduction in the severity of cartilage erosion in the treatment group in contrast to the model group. 
Additionally, immunohistochemical analysis was performed to evaluate the expression of ECM-related genes and 
inflammatory factors, confirming the protective outcome of Pri, consistent with the observed in vitro effects of Pri. In 
summary, Pri alleviates osteoarthritis progression by inhibiting MAPK pathway activation, specifically through concen-
tration-dependent suppression of JNK,ERK and P38 phosphorylation. Both in vitro and in vivo experiments, including 
RNA transcriptome sequencing, molecular docking, and histological analyses, confirm Pri’s protective effect on cartilage 
and ECM integrity in OA models.

Pri is widely distributed and accessible, so it has certain significance in reducing medical costs. This study 
demonstrated through in vivo experiments that Pri targets the MAPK signaling pathway to alleviate the progression of 
OA. Animal experiments further supported the efficacy of Pri. We further summarize the molecular mechanism of Pri in 
Figure 8. Given the complexity and challenging nature of OA, the development and clinical application of Pri drugs 
could offer new treatment options for patients, aiming to alleviate symptoms and enhance quality of life. Therefore, Pri 
shows promise as a potentially effective drug for treating OA.

In the future, further clinical trials and extended investigations will be crucial to comprehensively assess the efficacy 
and safety profile of Pri in humans. Optimization of dosage, delivery methods, and overcoming potential challenges in 
large-scale production will be pivotal steps toward translating these experimental findings into clinical applications. If Pri 
demonstrates efficacy in larger trials, its integration into OA management could offer a more accessible and cost-effective 
therapeutic option, particularly for populations with limited access to advanced medical care.

Conclusions
Our in vitro studies reveal that Pri potently suppresses the expression of pivotal inflammatory mediators, including iNOS, 
COX-2, and MMP-13, in IL-1β-activated mouse chondrocytes. Simultaneously, Pri markedly attenuates ECM degrada-
tion Additionally, our in vivo studies demonstrate that Pri delays OA progression by modulating key signaling pathways, 
notably the MAPK pathway. These findings underscore Pri’s therapeutic potential in the treatment of OA and position it 
as a promising candidate for further drug development targeting OA therapy.
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