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Background: Knee osteoarthritis (KOA) is a leading cause of chronic pain and disability, and as such, it 
poses a significant economic burden. Traditional Chinese medicine (TCM), as well as complementary and 
alternative medicine, can offer safe and effective treatments for KOA. Cangxitongbi (CXTB) capsule is a 
Chinese patented medicine for KOA treatment and has a remarkable curative effect. This article evaluated 
the effects and mechanisms of CXTB in protecting joint cartilage in vivo.
Methods: The KOA model was constructed in rats using the modified Hulth method. CXTB (35 mg/kg) 
was administered intragastrically for 4 weeks. Hematoxylin and eosin (HE) staining of the knee articular 
were performed to evaluate the efficiency of CXTB. Western blot analysis, quantitative polymerase chain 
reaction (qPCR), and enzyme-linked immunosorbent assay (ELISA) were used to investigate the protective 
mechanisms of CXTB in joint cartilage.
Results: CXTB effectively improved the morphological structure of the cartilage and bone in the knee 
joint by enhancing autophagy and regulating the expression of related protease and inflammatory factors. 
Furthermore, CXTB downregulated the expression of the long non-coding RNA (lncRNA) Hox transcript 
antisense intergenic RNA (HOTAIR) and inhibited the activation of the p38MAPK pathway. Conversely, 
overexpression of lncRNA HOTAIR suppressed the protective effects of CXTB on the knee joint.
Conclusions: CXTB capsules can protect the knee articular cartilage in rats through the lncRNA 
HOTAIR/p38MAPK pathway.
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Introduction

Knee osteoarthritis (KOA) is an increasingly prevalent 
disease characterized by progressive joint destruction, 
chronic joint pain, deformity, dysfunction, joint apraxia, 

and even disability (1). The high incidence of KOA exerts 

a heavy burden on society and the economy. KOA is 

multifactorial disease that may be affected by joint injury, 

aging, and trauma (2). Due to the limitations of Western 
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medicine for the treatment of KOA (3), traditional Chinese 
medicine (TCM) and other complementary and alternative 
medicines have become increasingly utilized.

It is recognized that TCM can regulate the overall health 
of the whole body and has been shown to be relatively 
safe (4). Cangxitongbi (CXTB) capsules contain a Chinese 
herbal compound and has been widely used to treat KOA 
and KOA-related symptoms with promising efficacy (5).

This current study investigated the efficacy and 
pharmacology of CXTB by examining its effects on 
autophagy and cartilage structure in a rat KOA model. 
We present the following article in accordance with the 
ARRIVE reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-6539).

Methods

Drug preparation

CXTB (#Z20130043) was purchased from the TCM 
Pharmacy of the Affiliated Hospital of Shandong University 
of Traditional Chinese Medicine (Jinan, China). The drug 
was ground into a fine powder and dissolved in saline to 
reach a concentration of 35 mg/mL.

Adeno-associated virus (AAV) preparation

The AAV overexpressing the long non-coding RNA 
(lncRNA) Hox transcript antisense intergenic RNA 
(HOTAIR) (AAV-HOTAIR) and the non-coding AAV 
(AAV-control) were purchased from Genomeditech Co., 
Shanghai, China. All viruses are packed separately and 
stored at −80 ℃ and thawed before use.

Animals

A protocol was prepared before the study without registration. 
Animal experiments were approved by the Animal Ethics 
Committee of Affiliated Hospital of Shandong University 
of Traditional Chinese Medicine (AWE-2019-043), in 
compliance with Guide for the Care and Use of Laboratory 
Animals, 8th edition, for the care and use of animals.

A total of 50 4-week-old male specific pathogen free 
(SPF) rats, weighing 221±18 g, were purchased from 
Jinan Pengyue Experimental Animal Breeding Co., Ltd. 
[certificate: SCXK(LU)20190003]. Animals were housed 
in the Center for Animal Experimentation with a 12-hour 
light/dark cycle at a temperature of 25±1 ℃ and humidity of 

50%±5%, and allowed access to the diet ad libitum.

Modeling and administration

The rats were randomly divided into the negative control 
group (NC, n=10) or the KOA group (KOA, n=40). 
The KOA rats were anesthetized with 1% pentobarbital  
(50 mg/kg) and treated with a modified Hulth procedure. 
Briefly, the left knee anterior cruciate and medial collateral 
ligaments were transected and the medial meniscus 
was resected. The NC rats were fed normally without 
treatment.

After 4 weeks, radiographs of the knees were taken to 
confirm the condition of the damaged joint. Rats in the 
KOA group that showed unsmooth and sclerotic knee joint 
surfaces compared to rats in the NC group were considered 
KOA rats. All 40 rats were screened.

Subsequently, the 40 KOA rats were randomly divided 
into the model group (intragastrically treated with the 
same amount of saline as other groups), the CXTB group 
(intragastrically administered 35 mg crude CXTB drug/kg/d, 
calculated according to the Meeh-Rubner formula and direct 
conversion algorithm), the CXTB + AAV-HOTAIR group 
(intragastrically administered 35 mg crude CXTB drug/kg/d  
and injected with 1×1010 vg AAV-HOTAIR into the left 
knee joint cavity once), and the CXTB + AAV-control 
group (intragastrically administered 35 mg crude CXTB  
drug/kg/d and injected with 1×1010 vg AAV-control into 
the left knee joint cavity once). There were 10 rats in each 
group. Rats in the NC group were treated as for the model 
group. After 4 weeks of treatment, all rats were euthanatized 
with 1% pentobarbital (100 mg/kg) and the articular 
cartilages of the left knee were removed. Peripheral blood 
was collected via venipuncture and centrifuged to obtain the 
plasma for subsequent experiments.

Hematoxylin and eosin (HE) staining

Cartilage tissues were fixed with 4% paraformaldehyde, 
decalcified with 10% ethylene diamine tetraacetic acid-
2Na (EDTA-2Na), and embedded in paraffin. Sections 
with a thickness of 5 μm were prepared and stained with 
HE (Solarbio, Beijing, China). Slides were observed 
microscopically and evaluated blinded.

Transmission electron microscopy (TEM)

The cartilage tissues were rapidly cut into 1–2 mm3 pieces 
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and immersed in a fixative solution (Servicebio, G1102, 
Wuhan, China) for 2–4 hours at 4 ℃. The autophagosomes 
were visualized by electron microscopy.

Western blot

The cartilage tissues were ground and lysed in lysis 
buffer (Beyotime Biotechnology Company, Nanjing, 
China). The protein concentration was determined using 
the BCA protein assay kit (Beyotime Biotechnology 
Company, Nanjing, China) and 50 μg protein samples 
were separated via sodium dodecyl sulfate polyacrylamide 
gel electrophoresis (SDS-PAGE) and transferred to 
polyvinylidene fluoride (PVDF) membranes. Membranes 
were blocked in 5% non-fat dry milk in Tris buffered saline 
containing Tween-20 (TBST), followed by incubation with 
the primary antibodies (rabbit anti-MMP 13 antibody, 
Servicebio, GB11247-1, 1:1,000, Wuhan, China; rabbit 
anti-TIMP 1 antibody, Abcam, ab109125, 1:1,000, 
Cambridge, UK; rabbit anti-LC3 antibody, Servicebio, 
GB11124, 1:1,000, Wuhan, China; rabbit anti-p38 antibody, 
Abcam, ab32142, 1:1,000, Cambridge, UK; rabbit anti-
p-p38 antibody, Wanleibio, WL03428, 1:1,000, Shenyang, 
China; mouse anti-β-actin antibody, Servicebio, GB12001, 
1:1,000, Wuhan, China). After washing with TBST, the 
membranes were incubated with a horseradish peroxidase-
conjugated secondary antibody (goat anti-rabbit IgG, 
Servicebio, GB23303, 1:5,000, Wuhan, China; goat anti-
mouse IgG, Servicebio, GB23301, 1:5,000, Wuhan, China) 
for 1 hour at room temperature. The blots were visualized 
with enhanced chemiluminescence solution (ECL) and the 
Western blot detection system (Image Quant, LAS500, GE 
Company, Marlborough, MA, USA). The density values 
of the bands were quantified using the Image J software 
(National Institutes of Health, Bethesda, MD, USA). β-actin 
was used as an internal control.

Quantitative polymerase chain reaction (qPCR)

Total RNA was extracted with TRIzol reagent (Invitrogen 
Corp., Carlsbad, CA, USA), quantified with a NanoDrop 
2000c spectrophotometer (Thermo Fisher Scientific, 
Waltham, MA, USA), and reverse-transcribed using the 
Sparkjade Reverse Transcriptase Kit (Sparkjade, Qingdao, 
China). The expression of the relevant mRNAs was 
determined using the 2−ΔΔCt method. GAPDH was used as 
an internal control. The primers used are listed as follows: 
MMP13: (F: 5'-TGCATACGAGCATCCATCCC-3' and 

R: 5'-CGTGTCCTCAAAGTGAACCGC-3'); TIMP1: 
(F:  5'-GCCTCTGGCATCCTCTTGTTG-3' and 
R: 5'-GAACCGGAAACCTGTGGCAT-3'); lncRNA 
HOTAIR: (F: 5'-GGTCCTTCTCCACTTTGCTGC-3' 
and R: 5'-GCTGGTTTGGGTTGTAGCACTT-3'); 
p38: (F: 5'-ACCACGACCCTGATGATGAGC-3' and R: 
5'-TAGGTCAGGCTCTTCCATTCGT-3'); and GAPDH 
(F: 5'-CTGGAGAAACCTGCCAAGTATG-3' and R: 
5'-GGTGGAAGAATGGGAGTTGCT-3').

Enzyme-linked immunosorbent assay (ELISA)

Peripheral blood samples collected via venipuncture 
were centrifuged to obtain the plasma. The expression 
of interleukin (IL)-1β (Multi sciences, EK301B/3-01, 
Hangzhou, China) and tumor necrosis factor (TNF)-α 
(Invitrogen, 88-7340, CA, USA) were assessed by ELISA 
according to the manufacturer’s instructions.

Statistical analysis

All data are shown as mean ± standard deviation (x±s) and 
were calculated using one-way analysis of variance (ANOVA) 
using the SPSS version 22.0 software (IBM Corp., Armonk, 
NY, USA). A P value <0.05 was considered statistically 
significant.

Results

KOA was successfully induced in rats

Radiographs of the knees of rats in the KOA group showed 
multiple hyperosteogenic, sclerotic, and cystic changes. 
Furthermore, the surface of the knee joint in KOA rats was 
rough and unsmooth while the articular surface of the rats 
in the NC group was smooth with normal joint space and 
no bony destruction. These observations suggested that 
the KOA model was successfully constructed in these rats 
(Figure 1).

CXTB attenuates cartilage injury by downregulating the 
lncRNA HOTAIR

The expression of the lncRNA HOTAIR was detected 
using qPCR (Figure 2A). Rats in the KOA model group 
showed upregulated expression of HOTAIR in the articular 
cartilage tissue compared to rats in the NC group (P<0.05). 
In the CXTB group, the expression of HOTAIR was 
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obviously downregulated compared with the model group 
(P<0.05) and the CXTB + AAV-HOTAIR group (P<0.05). 
There was no significant difference in HOTAIR expression 
between the CXTB group and the CXTB + AAV-control 
group (P>0.05).

In the model rats, HE staining demonstrated cracks and 
blood vessels passing through cartilage tissue, the cartilage 
layers were abnormal, and the tide line was lost. However, 
administration of CXTB improved the morphology of the 
lesional cartilage. In the CXTB + AAV-HOTAIR group, the 
degree of cartilage damage was more aggravated compared 
with the CXTB group, the cartilage surface was rough with 
more obvious cracks and blood vessels passing through 
cartilage tissue (Figure 2B-2F).

The Osteoarthritis Research Society International 

(OARSI) score was used to judge the severity of cartilage 
damage (Figure 2G). The OARSI score of the model group 
was higher than that of the NC group (P<0.05), suggesting 
that the cartilage was severely damaged and the modeling 
was successful. Meanwhile, the score of the CXTB group 
was significantly lower than that of the model group (P<0.05) 
and the CXTB + AAV-HOTAIR group (P<0.05). However, 
there was no difference in the scores between the CXTB 
group and the CXTB + AAV-control group (P>0.05).

The protein and mRNA expression of the cartilage 
damage-related proteins matrix metallopeptidase 13 
(MMP13) and tissue inhibitor matrix metalloproteinase 
1 (TIMP1) were detected with Western blot and qPCR 
(Figure 2H-2L). In the model group, the protein expression 
of MMP13 was the highest among all groups (P<0.05). The 
expression of MMP13 in the CXTB group was lower than 
that of the model group (P<0.05) and the CXTB + AAV-
HOTAIR group (P<0.05). Similarly, there was no difference 
between the CXTB group and the CXTB + AAV-control 
group (P>0.05). The expression of TIMP1 showed an 
inverse trend to that of MMP13 and this was not surprising 
as TIMP1 is an antagonist protein of MMP13. These 
results were confirmed by qPCR (Figure 2K,2L).

The above data suggested that CXTB exerted a 
protective effect on articular cartilage and this effect was 
achieved through downregulation of HOTAIR expression.

CXTB suppresses the inflammatory response by 
downregulating lncRNA HOTAIR

ELISAs were performed to detect the levels of the 
inflammatory markers IL-1β and TNF-α in the peripheral 
blood serum (Figure 3). The levels of serum IL-1β and TNF-α 
were significantly higher in model rats compared to rats in 
the NC group (P<0.05). The serum expression of IL-1β  
and TNF-α was lower in the CXTB group compared to 
the model group (P<0.05) and the CXTB + AAV-HOTAIR 
group (P<0.05). However, IL-1β and TNF-α expression was 
similar between the CXTB group and the CXTB + AAV-
control group (P>0.05). These results suggested that CXTB 
suppressed inflammation by decreasing the expression of IL-
1β and TNF-α, which was achieved by downregulating the 
expression of lncRNA HOTAIR.

CXTB enhances autophagy by downregulating lncRNA 
HOTAIR

TEM of the cartilage tissue revealed that the articular 

A B

C D

NC

Model Model

NC

Figure 1 Radiographs of the knee joint. (A,B) Radiographs of the 
knee joint from rats in the NC group. (C,D) Radiographs knee 
joints from rat in the model group. NC, negative control.
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chondrocytes of the NC rats had complete cell structure, 
abundant endoplasmic reticulum, and were concentrated 
in the perinuclear region. There were fewer autophagic 
vacuoles with double membrane structures in the model 
group compared with the NC group. Moreover, after 
treatment with CXTB, more autophagic vacuoles could be 
observed compared to the model group and the CXTB + 
AAV-HOTAIR group (Figure 4A-4E).

Western blot analysis (Figure 4F,4G) of the autophagy-
related proteins revealed that the expression of LC3-II was 

decreased in the articular cartilage tissues of the model rats 
compared to the NC rats (P<0.05). In the CXTB group, the 
expression of LC3-II was significantly elevated compared 
to the model group and the CXTB + AAV-HOTAIR group 
(P<0.05). Furthermore, there was no statistical difference 
in the LC3-II between the CXTB group and the CXTB + 
AAV control group (P>0.05). These results demonstrated 
that CXTB can enhance autophagy of KOA and may exert 
a protective role in the cartilage by downregulating lncRNA 
HOTAIR.
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Figure 2 CXTB attenuates cartilage injury by downregulating the lncRNA HOTAIR. (A) The expression of lncRNA HOTAIR. (B-G)  
HE staining of the articular cartilage tissue (×200) and the OARSI scores rats in different treatment groups. (H-L) The protein and 
mRNA expression of MMP13 and TIMP1. *P<0.05; #P>0.05. CXTB, cangxitongbi; lncRNA, long non-coding RNA; HOTAIR, Hox 
transcript antisense intergenic RNA; HE, hematoxylin and eosin; OARSI, Osteoarthritis Research Society International; MMP13, matrix 
metallopeptidase 13; TIMP1, tissue inhibitor matrix metalloproteinase 1; NC, negative control; AAV, adeno-associated virus.
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CXTB regulates the lncRNA HOTAIR/p38MAPK axis

To further investigate the mechanisms of CXTB, the 
interaction between lncRNA HOTAIR and the p38MAPK 
pathway was explored (Figure 5). The expression of p38 
and p-p38 in the NC group and the CXTB group was 
significantly decreased compared to the model group 
(P<0.05). The expression of p38 and p-p38 in the CXTB + 
AAV-HOTAIR group was higher than that of the CXTB 
group (P<0.05), while there was no significant difference 
between the CXTB group and the CXTB + AAV-control 
group (P>0.05) (Figure 5A-5C). To corroborate the above 
conclusions, qPCR was performed to measure the mRNA 
expression of p38 and the results were consistent with the 
Western blot analyses (Figure 5D). These results suggested 

that CXTB can regulate the lncRNA HOTAIR/p38MAPK 
axis, and the protective effects of CXTB on articular 
cartilage may be mediated through the lncRNA HOTAIR/
p38MAPK axis.

Discussion

CXTB is a patented Chinese drug widely used for the 
clinical treatment of KOA. However, the mechanisms of 
KOA remain unclear. This present study investigated the 
therapeutic effects of CXTB on KOA rats and demonstrated 
that CXTB can improve the structure of the injured 
cartilage and reduce the OARSI score. Previous studies 
have confirmed that MMP13 can degrade collagen, which 
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is considered to be closely related to the pathogenesis of 
KOA (6). TIMP1 can specifically inhibit the function of 
MMP13 by inserting its inhibitory loop into the active site 
of the MMP13 catalytic domain (7). Therefore, MMP13 and 
TIMP1 are considered effective markers for evaluating the 
degree of cartilage damage (8,9). Our results demonstrated 
that CXTB reduced the expression of MMP13 while 
elevating the expression of TIMP1, and this are responsible 
for the improved structure of the damaged cartilage. Taken 
together, the improvements in the damaged cartilage by 
CXTB is considered to be an important pharmacological 
effect.

IL-1β and TNF-α are common proinflammatory 
factors and main catabolic markers of KOA. Both have 
been shown to suppress the synthesis of the extra-cellular 
matrix (ECM) and increase apoptosis, thereby inhibiting 
the cartilage repair process (10). Furthermore, the ability 
of IL-1β and TNF-α to degrade cartilage is mediated by 
the elevated expression of MMP13 and the decreased 
expression of TIMP1 (11,12). Therefore, the effects of 
CXTB on IL-1β and TNF-α were examined to corroborate 
the previous findings regarding MMP13 and TIMP1, and 
to investigate the anti-inflammatory role of CXTB. The 
results demonstrated that CXTB decreased the expression 
of IL-1β and TNF-α, suggesting that CXTB can suppress 
the inflammatory response and further confirmed the 
observations related to MMP13 and TIMP1.

Autophagy, also known as type II programmed cell 
death and non-apoptotic cell death program (13), plays 
an important role in the progression of KOA (14). It is 
an intracellular reaction that can transform senescent and 
damaged organelles and proteins into substances needed by 
the cells and thus, autophagy is thought to exert a cartilage 
protective effect in KOA (15). Previous studies have shown 
that autophagy is decreased in KOA, accompanied by 
changes in the mitochondria and apoptosis (16). More 
importantly, older age, which is one of the triggers of 
KOA, can also lead to a decline in autophagy (14). During 
autophagy, part of the cytoplasm and organelles are 
sequestered in autophagosomes waiting to be degraded by 
lysosomes (17). Therefore, autophagy was examined by 
TEM and the autophagy-related proteins were evaluated by 
Western blot. The results demonstrated that the increased 
numbers of autophagosomes was accompanied by a higher 
LC3-II expression in the CXTB group, suggesting that 
CXTB may enhance the level of autophagy in KOA to 
protect damaged articular cartilage.

Recently, much research has focused on lncRNAs. 

The lncRNA HOTAIR has been well-studied in tumor 
associated diseases (18), but there is a paucity of data 
regarding HOTAIR in KOA. Related studies have shown 
that HOTAIR is upregulated in KOA and closely associated 
with cartilage degeneration (3,19). Moreover, upregulation 
of  HOTAIR also e levated the levels  of  cart i lage 
degenerative enzymes such as ADAMTS-5 and MMP13, as 
well as increasing chondrocyte apoptosis (20). Our results 
showed that CXTB can downregulate the expression of 
HOTAIR. To confirm the protective effect of CXTB on 
articular cartilage, the AAV-HOTAIR was constructed 
to overexpress HOTAIR in vivo. Ultimately, the results 
demonstrated a therapeutic effect of CXTB against KOA, 
including reduced cartilage damage, anti-inflammatory 
activity, and enhanced autophagy, all of which were 
reversed by overexpressing HOTAIR. This demonstrated 
the therapeutic effect of CXTB on KOA by targeting the 
downregulation of HOTAIR.

To further investigate the mechanism of HOTAIR in 
KOA, the downstream regulatory pathways of HOTAIR were 
examined. The p38MAPK pathway is an important pathway 
in KOA and is involved in inflammation and cartilage 
degradation (21-23). Furthermore, IL-1β and TNF-α 
can activate the p38MAPK pathway, leading to increased 
expression of MMP13 and ultimately, degradation of the 
cartilage ECM (24). Indeed, our results showed that CXTB 
can inhibit the p38MAPK pathway, and this inhibitory effect 
can be reversed by overexpression of HOTAIR.

Conclusions

This report demonstrated that CXTB can protect 
articular cartilage by suppressing inflammation, inhibiting 
cartilage ECM degradation, and enhancing autophagy via 
regulating the lncRNA HOTAIR/p38MAPK axis. CXTB 
may be a novel therapeutic drug for the treatment of 
patients with KOA.
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