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Abstract
Background: The purpose of the study was to investigate the active ingredients and
potential biochemical mechanisms of Juanbi capsule in knee osteoarthritis based on
network pharmacology, molecular docking and animal experiments. Methods: Chemical
components for each drug in the Juanbi capsule were obtained from Traditional Chinese
Medicine Systems Pharmacology Database and Analysis Platform, while the target proteins
for knee osteoarthritis were retrieved from the Drugbank, GeneCards, and OMIM databases.
The study compared information on knee osteoarthritis and the targets of drugs to identify
common elements. The data was imported into the STRING platform to generate a
protein-protein interaction network diagram. Subsequently, a “component-target” network
diagram was created using the screened drug components and target information with
Cytoscape software. Common targets were imported into Metascape for GO function and
KEGG pathway enrichment analysis. AutoDockTools was utilized to predict the molecular
docking of the primary chemical components and core targets. Ultimately, the key targets
were validated through animal experiments. Results: Juanbi capsule ameliorated Knee
osteoarthritis mainly by affecting tumor necrosis factor, interleukin1β, MMP9, PTGS2,
VEGFA, TP53, and other cytokines through quercetin, kaempferol, and β-sitosterol. The
drug also influenced the AGE-RAGE, interleukin-17, tumor necrosis factor, Relaxin, and
NF-κB signaling pathways. The network pharmacology analysis results were further
validated in animal experiments. The results indicated that Juanbi capsule could decrease
the levels of tumor necrosis factor-α and interleukin-1β in the serum and synovial fluid of
knee osteoarthritis rats and also down-regulate the expression levels of MMP9 and PTGS2
proteins in the articular cartilage. Conclusion: Juanbi capsule may improve the knee bone
microstructure and reduce the expression of inflammatory factors of knee osteoarthritis via
multiple targets and multiple signaling pathways.

Keywords: osteoarthritis; inflammation; MMP9/PTGS2; network pharmacology; Juanbi
capsule; experimental verification
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Background

Knee osteoarthritis (KOA) is the predominant form of arthritis, and it
is the primary cause of disability and diminished quality of life among
middle-aged and elderly individuals [1]. Its pathological changes
encompass cartilage degeneration, subchondral bone remodeling,
intra-articular osteophyte formation, synovitis, ligament relaxation,
contracture, and other related factors [2]. The prevalence of KOA is on
the rise due to the aging of society [3]. Currently, the management of
KOA primarily centers on the reduction of inflammation, alleviation of
pain, and preservation of joint function. In Western medicine, the
primary treatment for early-stage KOA is drug therapy, which includes
non-steroidal anti-inflammatory drugs, glucosamine, and
corticosteroids. Surgical intervention, such as knee replacement, is
considered for advanced stages [4]. Given the limitations of Western
medicine, including its focus on singular effects, symptom
management rather than addressing underlying causes, and potential
for serious long-term side effects, there is a critical need to identify a
safe and sustainable treatment approach that is both safe and
efficacious.
KOA is a prevalent condition in the orthopedic department of

traditional Chinese medicine (TCM) and is classified under the
“arthralgia syndrome” category of traditional Chinese medicine [5, 6].
The pathogenesis of KOA involves the depletion of essential
substances in the liver and kidneys, which results in an inability to
meet the nutritional needs of musculoskeletal activities and
metabolism in the large joints, such as the knee and ankle. This leads
to decreased immunity in these parts, making them vulnerable to the
invasion of external pathogenic substances such as wind, cold,
dampness, and heat (wind, cold, dampness, and heat are causes of
disease resulting from abnormal changes in the natural climate that
exceed the body's ability to adapt), which can lead to the blockage of
muscles, channels, joints, and the onset of KOA. Therefore, traditional
Chinese medicine theory holds that the pathogenesis of KOA is based
on the depletion of essential substances in the liver and kidneys, and
the invasion of external pathogens is the contributing factor.
The Juanbi capsule (JBJN) (Preparation code: Z20190007, batch

number: 2019S00026) is a traditional Chinese medicine preparation
produced and used in the Affiliated Hospital of Shaanxi University of
Chinese Medicine. This preparation is based on the principle of
“tonifying kidney and replenishing qi (qi refers to the various energies
of the organs and tissues in the human body)” in the treatment of OA

by Professor Li Kanyin, an expert in Chinese medicine doctor
specializing in bone injuries, and it is backed by decades of clinical
experience. The formulation consists of nine Chinese herbs, which are
Yinyanghuo (Epimedii Folium), Roucongrong (Cistanches Herba),
Huangqi (Astragali Radix), Danggui (Angelicae Sinensis Radix), Gusuibu
(Drynariae Rhizoma), Shudihuang (Rehmanniae Radix Praeparata),
Niuxi (Achyranthis Bidentatae Radix), Shaoyao (Paeoniae Radix Alba),
and Gancao (Glycyrrhizae Radix et Rhizoma). The function of JBJN is
to maintain the liver and kidneys with sufficient intrinsic energy,
enhance blood circulation throughout the body, and promote the
metabolism of musculoskeletal cells. It is used to alleviate
inflammatory symptoms associated with arthralgia syndrome, such as
pain, swelling, and limitation of joint movement.
Epidemiological evidence indicates that the prevalence of OA is
higher in postmenopausal women and that estrogen deficiency
resulting from ovarian dysfunction is a significant factor [7].
According to traditional Chinese medicine, postmenopausal women
with estrogen deficiency often exhibit a constitution characterized by
low internal energy in the liver and kidney, weakened body immunity,
and poor blood circulation. Therefore, the treatment of OA in
postmenopausal women should focus on nourishing the intrinsic
energy of the liver and kidneys, and improving blood circulation
throughout the body. Our previous clinical and basic research has
confirmed that the JBJN effectively alleviates the pain and swelling
symptoms of KOA, particularly in postmenopausal middle-aged and
elderly women with arthritis [8, 9]. Therefore, we established a new
method of inducing estrogen deficiency-induced OA by
ovariectomizing and Hulth to examine the therapeutic effects of JBJN
on the development of KOA in a rat model with kidney deficiency.
In order to conduct a comprehensive investigation of JBJN, it is
essential to elucidate its mechanism of action. In this study, network
pharmacology was used to investigate the active ingredients, targets,
and mechanisms of JBJN in the treatment of KOA. Subsequent to this,
experiments involving animals were carried out to further confirm the
effectiveness of the treatment and to offer valuable insights for clinical
application and further research of JBJN.

Materials and methods

Collection of chemical components and prediction of JBJN
The Traditional Chinese Medicine Systems Pharmacology Database
and Analysis Platform (TCMSP) is a digital information platform that
disseminates the primary constituents of traditional Chinese medicine
[10]. The active compounds in JBJN were retrieved from the TCMSP
database for the purposes of this study. Compounds with an oral
bioavailability of 30% or higher and a drug-likeness score of 0.18 or
greater are considered to exhibit enhanced pharmacological effects
and are thus selected for further analysis as potential active
compounds. The compounds searched under these conditions were the
candidate components, after which the target proteins corresponding
to the candidate components were identified and categorized.
Utilizing the UniProt data platform (https://www.uniprot.org/), the
species was set to “Homo sapiens”, following which the target proteins
of JBJN were inputted, and the corresponding gene names for each
protein were searched, thereby revealing the target proteins of JBJN.

KOA target prediction
By searching Drugbank (https://www.drugbank.ca/), GeneCards
(https://www.genecards.org/), and OMIM database (https://
www.omim.org), the keyword “knee osteoarthritis” and the species
“Homo sapiens” were used to screen for KOA targets.

Construction of a chemical component-target network of JBJN
Cytoscape 3.9.1 software was utilized to construct the chemical
component-target network of JBJN in section 2.1. Based on the Degree
of connectivity, Betweenness, and Closeness, the primary chemical
components in JBJN were identified.

Construction of the PPI network

Highlights
An integrated network pharmacology strategy and experimental
evidence were taken to confirm that Juanbi capsule (JBJN) could
ameliorate the symptoms of kidney deficiency type osteoarthritis
associated with estrogen deficiency. Network analysis indicates
that JBJN may ameliorate knee osteoarthritis by primarily
regulating the AGE-RAGE, Relaxin, NF-κB signaling pathways,
thereby affecting tumor necrosis factor, interleukin 1β, MMP9,
PTGS2, vascular endothelial growth factor A, and other cytokines.
Animal experiments suggest that JBJN can effectively inhibit the
inflammatory response of osteoarthritis and the degradation of
cartilage matrix.

Medical history of objective
JBJN, a classical formula of Li’s School of Bone Injury in
Guanzhong was inspired by Zhang Jiebin’s Jingyue Complete Book:
Eight Formations of New Prescriptions (1624 C.E.) and combined
with the clinical experience of Li’s School. It is used to treat
arthralgia syndrome, which is characterized by pain, swelling, and
limitation of movement of the knee or ankle joints. Modern
pharmacological research has shown that JBJN is able to regulate
the secretion and metabolism of sex hormones, which can
enhance the body’s immune function and regulate the
inflammatory response.
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Using R software, we aimed to identify the common target proteins in
sections 2.1 and 2.2, which may represent genes targeted by JBJN
during KOA, and create a Venn diagram. Next, we constructed the
protein-protein interaction (PPI) network model using the STRING
database (https://www.string-db.org/). Cytoscape 3.9.1 software was
utilized to build and analyze the PPI network map using the files
obtained from the STRING database in order to identify the core
targets of JBJN that affect KOA.

GO and KEGG pathway enrichment analysis
KOA was inputted into the Metascape data platform
(https://metascape.org/) for annotation, visualization, and analysis of
GO and KEGG pathway enrichment to predict molecular functions,
biological pathways, and other related factors of JBJN in the
treatment of KOA. The results of the analyses are mainly presented as
p-values, where p-values are arranged in ascending order. The
p-values are negatively correlated with enrichment degree, where the
smaller the p-value, the higher the enrichment degree of this pathway
and the greater its importance in the process of treating KOA with
JBJN.

Molecular docking
The 3D structures of target proteins and chemical components were
downloaded from the RCSB PDB database (https://www1.rcsb.org)
and the TCMSP database. AutoDock Tools software was used to
perform molecular docking for the main chemical components
obtained from section 2.3 and the core targets screened in section 2.4.

Animal selection and ethical statement
Twenty-four 8-week-old female Sprague-Dawley rats, weighing 200 ±
20 g, were obtained from the Experimental Animal Center of Shaanxi
University of Traditional Chinese Medicine, with license number SCXK
(Shaan) 2021-001. After completing quarantine, the animals were
housed in the SPF animal room at the Animal Experimental Center of
Shaanxi University of Traditional Chinese Medicine, where they
received daily food and water provided by the center. This experiment
has been reviewed by the Animal Ethics Committee of Shaanxi
University of Traditional Chinese Medicine (Ethics number:
SUCMDL20220621002). The animal experiment was performed in
line with the Guidelines for the Management and Use of Laboratory
Animals by the Chinese National Institutes of Health. Finally, criteria
established for euthanizing rat were performed according to ARRIVE
2.0 guidelines rigorously.

Main reagents and instruments
The extract of JBJN, prepared by the Preparation Center of Affiliated
Hospital of the Shaanxi University of Chinese Medicine (Xianyang,
China), was used as the experimental drug. Rat tumor necrosis factor
(TNF)-α and interleukin (IL)-1β ELISA kit were produced by Boster
(Wuhan, China, batch number 11518103103 and 24018991031).
Anti-MMP9 Antibody was produced by Abcam (Cambridge, UK, batch
number: 1006593-1). Anti-PTGS2 antibody was produced by
Proteintech (Wuhan, China, batch number: 00100441). Anti-β-actin
antibody was produced by Boorson (Beijing, China, batch number:
AH11286487), BCA protein concentration determination kit was
produced by Boster (Wuhan, China, batch number: 18D17B46),
SDS-PAGE gel rapid preparation kit was produced by Xavier (Wuhan,
China, batch number: CR2302001).

Model establishing, grouping, and treating
The rats were randomly divided into three groups: a normal control
group (Control), a KOA model control group (Model), and a JBJN
treatment group, with 8 rats in each group. The Hulth method and
bilateral ovariectomy were used to induce KOA rat models with
kidney deficiency in the Model and JBJN groups [11, 12]. After 6
weeks, 3 rats were randomly selected from the model group and the
JBJN group for micro-CT scanning of the knee joint. The joint space
on the model side was narrower than that on the healthy side, and
subchondral sclerosis or osteophyte formation indicated the successful

establishment of the KOA model. After successfully establishing the
model, the rats in the JBJN group were administered JBJN by gavage,
while the rats in the Control and Model groups were given an
equivalent amount of distilled water by gavage. The three groups were
treated for 6 weeks.
The clinically administered oral dose of JBJN for humans (70 kg)
was 127 g/d, and according to the human-rat body surface area dose
conversion method, the equivalent dose of rats was 6.3 times that of
humans. Thus, a rat was given equivalent doses of crude drug of JBJN
of 11.43 g/kg daily.

Micro-CT scan
Three rats from each group were randomly selected to take the intact
left knee joint, and Skyscan1276 was used for scanning with micro-CT
equipment (Bruker, Belgium). After fixing the samples, the scanning
voltage was set to 60 kV, and the scanning current was set to 200 μA.
The knee joint was scanned along the long axis of the femur using a
scanning thickness of 10 μm, a filter of AL0.5 mm, and an exposure
time of 550 ms to obtain continuous plane micro-CT images. After
scanning, 3D reconstruction processing software NRecon and Data
Viewer were used to reconstruct and select, and CT Analyzer was used
to quantitatively analyze the cartilage and subchondral bone areas in
the same position in the image. The microstructure parameters of tibia
trabecular bone were analyzed, including bone volume to tissue
volume (BV/TV), trabecular thickness (Tb.Th), trabecular number
(Tb.N), and trabecular separation (Tb.Sp).

ELISA detection
After intraperitoneal anesthesia with 1% sodium pentobarbital (4
mL/kg), blood samples were collected from the abdominal aorta and
allowed to stand at 4 °C for two hours before centrifugation at 3500
rpm for fifteen minutes. Knee punctures were performed, and a sterile
medical syringe was used to inject 1 mL of sterile PBS solution into the
knee joint. Subsequently, the knee joint was exercised ten times,
followed by the slow extraction of the joint fluid. The extracted fluid
was then allowed to stand at 4 °C for one hour before being
centrifuged at 3,500 rpm for twenty minutes. The concentrations of
TNF-α and IL-1β in both serum and joint fluid were determined using
an ELISA kit following the provided instructions.

Western blot detection
The articular cartilage samples from each group were frozen in liquid
nitrogen for ten minutes. Then, 500 μL of RIPA and PMSF (in a 100:1
ratio) were added, and the samples were ground in a frozen grinder
(−49 °C). After grinding, the cartilage was placed on ice for fifteen
minutes to allow the protein to fully dissolve. Subsequently, the
homogenate was centrifuged to obtain a solution of total proteins.
Protein samples were prepared by adding a loading buffer to ensure
consistent protein concentrations of 50 μg/10 μL for each group. The
protein samples were separated using 10% SDS-PAGE and
subsequently transferred onto the PVDF membrane. The membrane
was then blocked with 5% skim milk for 2 hours, followed by
overnight incubation with primary antibodies (MMP9 at a dilution of
1:2,000, PTGS2 at a dilution of 1:1,500) at 4 °C. After incubating with
secondary antibodies for 90 minutes at room temperature, the films
were developed using ECL chemiluminescence solution and then
scanned using ImageJ software following exposure. β-actin served as
an internal control.

Statistical analysis
All statistical analyses were conducted using the SPSS 26.0 software.
The data were presented as mean ± standard deviation ( �� ± � ).
One-way ANOVA with Tukey’s post hoc test was used for comparing
multiple groups, a significance level of P < 0.05 was employed as the
threshold to ascertain statistical significance.

Results

Screening of chemical component

https://orcid.org/0009-0005-1772-6232
https://doi.org/10.53388/TMR20230829002


ARTICLE
Traditional Medicine Research 2024;9(6):33. https://doi.org/10.53388/TMR20230829002

4Submit a manuscript: https://www.tmrjournals.com/tmr

The TCMSP database was utilized to search for 167 ​ chemical
components of JBJN, including 23 from Epimedii Folium, 6 from
Cistanches Herba, 17 from Astragali Radix, 2 from Angelicae Sinensis
Radix, 15 from Drynariae Rhizoma, 2 from Rehmanniae Radix

Praeparata, 17 from Achyranthis Bidentatae Radix, 7 from Paeoniae
Radix Alba, and 88 from Glycyrrhizae Radix et Rhizoma. Additionally,
there are 13 common chemical components between each drug (Table
1).

Table 1 Basic information of main active compounds in JBJN
Mol ID Label Chemical Component OB (%) DL Source

MOL000622 YYH18 Magnograndiolide 63.71 0.19 Epimedii Folium

MOL004367 YYH6 Olivil 62.23 0.41
MOL004388 YYH12 6-hydroxy-11,12-dimethoxy-2,2-dimethyl-1,8-dioxo-2,3,4,8-te

trahydro-1H- isochromeno[3,4-h]isoquinolin-2-ium
60.64 0.66

MOL004382 YYH9 Yin
yanghuo A

56.96 0.77
MOL004396 YYH15 1,2-bis(4-hydroxy-3-methoxyphenyl)propan-1,3-diol 52.31 0.22

MOL005320 RCR1 arachidonate 45.57 0.2 Cistanches Herba
MOL005384 RCR2 suchilactone 57.52 0.56
MOL007563 RCR3 Yangambin 57.53 0.81
MOL008871 RCR4 Marckine 37.05 0.69
MOL000378 HQ9 7-O-methylisomucronulatol 74.69 0.3 Astragali Radix
MOL000433 HQ8 FA 68.96 0.71
MOL000380 HQ7 (6aR,11aR)-9,10-dimethoxy-6a,11a-dihydro-6H-benzofurano[

3,2-c]chromen-3-ol
64.26 0.42

MOL000371 HQ6 3,9-di-O-methylnissolin 53.74 0.48
MOL000439 HQ12 isomucronulatol-7,2'-di-O-glucosiole 49.28 0.62
MOL005190 GSB5 eriodictyol 71.79 0.24 Drynariae Rhizoma
MOL009078 GSB9 davallioside A_qt 62.65 0.51
MOL000569 GSB6 digallate 61.85 0.26
MOL000492 GSB4 (+)-catechin 54.83 0.24
MOL001978 GSB2 Aureusidin 53.42 0.24
MOL000785 NX12 palmatine 64.6 0.65 Achyranthis Bidentatae Radix
MOL002897 NX9 epiberberine 43.09 0.78

MOL001006 NX1 poriferasta-7,22E-dien-3beta-ol 42.98 0.76
MOL004355 NX11 Spinasterol 42.98 0.76
MOL002776 NX8 Baicalin 40.12 0.75
MOL001918 BS1 paeoniflorgenone 87.59 0.37 Paeoniae Radix Alba
MOL001919 BS2 (3S,5R,8R,9R,10S,14S)-3,17-dihydroxy-4,4,8,10,14-pentamet

hyl-2,3,5,6,7,9-hexahydro-1H-cyclopenta[a]phenanthrene-15,
16-dione

43.56 0.53

MOL001924 BS3 paeoniflorin 53.87 0.79

MOL002311 GC2 Glycyrol 90.78 0.67 Glycyrrhizae Radix et Rhizoma

MOL004990 GC64 7,2',4'-trihydroxy－5-methoxy-3－arylcoumarin 83.71 0.27

MOL004904 GC38 licopyranocoumarin 80.36 0.65

MOL004891 GC35 shinpterocarpin 80.3 0.73

MOL005017 GC76 Phaseol 78.77 0.58
MOL000417 A1 Calycosin 47.75 0.24 Astragali Radix, Glycyrrhizae Radix et Rhizoma
MOL000354 A2 isorhamnetin 49.6 0.31
MOL000239 A3 Jaranol 50.83 0.29

MOL000392 A4 formononetin 69.67 0.21
MOL001792 A5 DFV 32.76 0.18 Epimedii Folium, Glycyrrhizae Radix et Rhizoma

MOL000006 A6 luteolin 36.16 0.25 Epimedii Folium, Drynariae Rhizoma

MOL004328 A7 naringenin 59.29 0.21 Drynariae Rhizoma, Glycyrrhizae Radix et Rhizoma

MOL000211 B1 Mairin 55.38 0.78 Astragali Radix, Paeoniae Radix Alba, Glycyrrhizae
Radix et Rhizoma

MOL000449 C1 Stigmasterol 43.83 0.76 Angelicae Sinensis Radix, Drynariae Rhizoma,
Achyranthis Bidentatae Radix, Rehmanniae Radix
Praeparata

MOL000359 C2 sitosterol 36.91 0.75 Epimedii Folium, Rehmanniae Radix Praeparata,
Paeoniae Radix Alba, Glycyrrhizae Radix et Rhizoma

MOL000098 D1 quercetin 46.43 0.28 Astragali Radix, Epimedii Folium, Cistanches Herba,
Achyranthis Bidentatae Radix, Glycyrrhizae Radix et
Rhizoma

MOL000358 D2 beta-sitosterol 36.91 0.75 Angelicae Sinensis Radix, Cistanches Herba, Drynariae
Rhizoma, Achyranthis Bidentatae Radix, Paeoniae
Radix Alba

MOL000422 E1 kaempferol 41.88 0.24 Astragali Radix, Epimedii Folium, Drynariae Rhizoma,
Achyranthis Bidentatae Radix, Paeoniae Radix Alba,
Glycyrrhizae Radix et Rhizoma

Due to the large number of chemical compounds of drug, only the top 5 compounds of OB are listed in the table. JBJN, Juanbi capsule; OB, oral
bioavailability; DL, drug-like properties.
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Construction and analysis of chemical component-target network
The DrugBank and UniProt databases were utilized to search for 315
target proteins associated with the chemical components of JBJN.
Subsequently, we obtained information about the drug composition,
chemical components, and their respective relationships with targets.
Using Cytoscape 3.9.1 software, a network illustrating the interactions
between JBJN chemical components and targets was constructed. This
network consisted of a total of 475 nodes, which included 9 drug
nodes, 167 active compound nodes, and 315 target nodes, all
connected by a total of 4,135 edges (Figure 1).
Figure 1 shows that each chemical component interacts with

multiple targets while each target corresponds to multiple chemical

components simultaneously or independently affiliated with each
traditional Chinese medicine. These findings indicate that JBJN exerts
its effects on KOA through multiple components, targets, and
pathways. Notably, quercetin, kaempferol, beta-sitosterol,
Stigmasterol, and luteolin emerged as the main active compounds
based on their higher Degree values.

Target prediction and mutual PPI network construction
The DrugBank, GeneCards, and OMIM databases were utilized to
search for 363 KOA targets. Subsequently, drug and disease targets
were incorporated into the R software, resulting in 49 overlapping
targets (Figure 2).

Figure 1 Compounds of JBJN-chemical component-target network. The blue square part in the figure is candidate targets, and the surrounding
circular part is chemical components of the JBJN compound. The darker the color and the larger the shape, the higher the degree value, and each
edge represents the relationship between the compound and the target. JBJN, Juanbi capsule.

Figure 2 The overlapping targets of JBJN in KOA treatment. The Venn diagram demonstrates the number of intersected and specific targets
between JBJN and KOA. JBJN, Juanbi capsule; KOA, knee osteoarthritis.
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Overlapping targets of JBJN and KOA were retrieved from the
STRING databases and imported into the Cytoscape software platform
to generate the PPI network diagram (Figure 3). This network
comprises a total of 48 nodes and 603 edges. The nodes represent the
target proteins, and the edges represent the interactions between
different target proteins. According to Figure 3, TNF, IL6, IL1B,
MMP9, PTGS2, VEGFA, TP53, and other target proteins are the central
targets in this network.

Enrichment analysis of overlapping target by GO and KEGG

pathway
GO enrichment analysis of the overlapping targets between JBJN and
KOA was performed using the Metascape data platform. Through
analysis, a total of 1,072 GO items representing potential targets of
JBJN were obtained. Among them, 975 items were related to
biological processes, 72 items were related to molecular functions, and
25 items were related to cellular components. The top 10 items in
biological processes, cellular components, and MF were selected to
create the bubble diagram (Figure 4A). The biological processes
Involved in the treatment of KOA by JBJN mainly include regulation

Figure 3 PPI network diagram of overlapping targets. Critical targets of JBJN in treating KOA were screened by degree values, in which the
darker color and the closer nodes to the center have higher degree values. JBJN, Juanbi capsule; KOA, knee osteoarthritis; TNF, tumor necrosis
factor; IL, interleukin.

Figure 4 Enriched Go and KEGG signaling pathways of overlapping targets. (A) The Bubble chart shows the top ten in the BP, CC, and MF
categories in the GO enrichment analysis. (B) The Bar graph of the top 30 pathways extracted by KEGG analysis. BP, biological process; CC, cell
component; MF, molecular function.
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of inflammatory response, cell migration, signal peptide activity,
metabolism of reactive oxygen species, hormonal stress, and response
to xenobiotic stimulation. The cellular components include the
extracellular matrix, endoplasmic reticulum lumen, membrane raft,
and outer membrane of the plasma membrane. Molecular functions
include cytokine activity, serine endopeptidase activity, protease
binding, integrin binding, oxidoreductase activity, and DNA binding
transcription factor binding.
KEGG pathways were identified using the Metascape data platform,

and signaling pathways that significantly influence the treatment of
KOA by JBJN were analyzed. A total of 107 KEGG pathways with
significant enrichment of potential targets of JBJN were obtained (P
< 0.05). According to the significance arrangement, the top 30 items
were selected and depicted in a bar chart (Figure 4B). The treatment
of KOA by JBJN mainly involves targeting the cancer pathway,
AGE-RAGE signaling pathway, IL-17 signaling pathway, TNF signaling
pathway, Relaxin signaling pathway, NF-κB signaling pathway, Th17
cell differentiation, PI3K-Akt signaling pathway, HIF-1 signaling

pathway, MAPK signaling pathway, and others.

Molecular docking
The primary chemical components (quercetin, kaempferol,
β-sitosterol) identified in section 3.2 were docked with key targets
(TNF, IL1B, MMP9, PTGS2, VEGFA, TP53) identified in section 3.3,
and the results of the docking are presented in Table 2. The average
affinity between each molecule was −6.942 kcal/mol, which was
lower than −5 kcal/mol, indicating that the primary chemical
components of JBJN exhibited a strong binding ability to the target
protein [13]. The results indicate that all the chemical components of
JBJN penetrated deeply into the active site and formed a relatively
stable conformation with the target receptor protein through
hydrogen bonding. Some molecular docking binding modes are shown
in Figure 5.

Assessment of the KOA rat model
The 2D images obtained from the micro-CT revealed that the knee

Table 2 Results of molecular docking
Chemical component Target protein PDB ID Affinity (kcal/mol)

MOL000098 TNF 6X81 −6.95

MOL000358 TNF 6X81 −6.51
MOL000422 TNF 6X81 −7.78
MOL000098 IL1B 6Y8M −6.42
MOL000358 IL1B 6Y8M −5.63
MOL000422 IL1B 6Y8M −7.59
MOL000098 MMP9 5TH6 −7.52
MOL000358 MMP9 5TH6 −7.34
MOL000422 MMP9 5TH6 −8.71
MOL000098 PTGS2 4RRW −5.87
MOL000358 PTGS2 4RRW −7.21
MOL000422 PTGS2 4RRW −5.89
MOL000098 VEGFA 6ZCD −7.1
MOL000358 VEGFA 6ZCD −6.4
MOL000422 VEGFA 6ZCD −9.37
MOL000098 TP53 8D6C −5.36
MOL000358 TP53 8D6C −6.1

MOL000422 TP53 8D6C −7.21

PDB ID, Protein Data Bank identification; TNF, tumor necrosis factor; IL, interleukin.

Figure 5 Molecular docking pattern diagram of critical core protein targets. The yellow circles represent the docking states between small
molecule compounds and macromolecular proteins, and the short yellow lines represent hydrogen bonds. (A, B) The docking status of quercetin
with TNF and MMP9 respectively. (C, D) The docking status of kaempferol with IL1B and VEGFA, respectively. (E, F) The docking status of
β-sitosterol with VEGFA and TP53 respectively. IL, interleukin; VEGFA, vascular endothelial growth factor A; TNF, tumor necrosis factor.
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joint surface of rats in the normal control group was relatively smooth,
with a normal joint space and no observed osteophytes. In contrast,
the joint surface of the model control group 6 weeks after the
operation appeared uneven, with hardened subchondral bone and the
formation of osteophytes (Figure 6).

Effect of JBJN on knee joint in KOA rats with micro-CT
Micro-CT analysis of the subchondral bone structure revealed that,

compared to the normal control group, the model control group
exhibited a significantly narrower medial joint space and disordered
microstructure of trabecular bone in the subchondral region,
indicating the successful establishment of the animal model. The
treatment with JBJN demonstrated an improvement in both the joint
space and the trabecular meshwork structure of the subchondral bone
(Figure 7A).
To evaluate changes in the subchondral bone, the medial tibial

Figure 6 Microstructural changes in the knee articular surface in KOA model rats. 2D imaging of the structure of the subchondral bone of the
tibia. The black arrows indicate the damaged region of the articular surface. KOA, knee osteoarthritis.

Figure 7 JBJN protects against bone microstructure damage caused by KOA. (A) Micro-CT section 3D images of the coronal tibia in each
group. (B) Quantitative analysis of BV/TV, Tb.Th, Tb.N, Tb.Sp (�� ± � , n = 3). One-way ANOVA (with Tukey’s post-hoc test) was used for the
statistical analysis. The significance levels were denoted as *P < 0.05, **P < 0.01, ***P < 0.001, and ****P < 0.0001. JBJN, Juanbi capsule; KOA,
knee osteoarthritis; BV/TV, bone volume to tissue volume; Tb.Th, trabecular thickness; Tb.N, trabecular number; Tb.Sp, trabecular separation;
ANOVA, analysis of variance.
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plateau was quantitatively analyzed in each group. Bone volume to
tissue volume, trabecular thickness, trabecular number, and
trabecular separation revealed bone microstructure damage in the
model control group. These indicators showed improvement with
JBJN treatment (Figure 7B).

Effect of JBJN on the expression of inflammatory factors in KOA
rats
The analysis of inflammatory factor levels in the serum showed that
the expression levels of TNF-α and IL-1β were significantly lower in
the JBJN group compared to the model control group (Figure 8A).
Subsequently, the changes in expression of TNF-α and IL-1β in the
joint fluid were detected to further confirm that the levels in the JBJN
group were also significantly lower than those in the model control
group (Figure 8B).

Effect of JBJN on the expression of MMP9 and PTGS2 in cartilage
tissue
MMP9 and PTGS2 are common molecules in the inflammatory
pathway, and they are also the primary target proteins of JBJN in the
treatment of KOA. Western blot data confirmed that the protein levels

of cartilage MMP9 and PTGS2 in the tissue of the JBJN treatment
group were significantly lower than those of the model control group
(Figure 9).

Discussion

Traditional Chinese medicine formulas are developed based on TCM
theories and individual conditions, combining a variety of herbs to
form the appropriate drug structure for the treatment of various
medical conditions.. This allows the drugs to produce synergistic and
antagonistic effects and even generate new substances [14]. Network
pharmacology of TCM compounds explores the potential mechanisms
of TCM treatment and disease prevention by studying the complex
chemical components and multi-target, multi-pathway mechanisms of
Chinese herbal medicine [15]. The specific mechanism of JBJN in the
treatment of KOA has not been thoroughly studied. Therefore, this
study utilized network pharmacology to identify the active
constituents, targets, and mechanisms of action responsible for JBJN's
therapeutic effectiveness in treating KOA. Furthermore, the binding
affinity between the key components of JBJN and target proteins was
validated through molecular docking technology. Ultimately, animal

Figure 8 JBJN decreases the expression of inflammatory factors in KOA rats. (A) Quantitative analysis of TNF-α and IL-1β in serum (�� ± �, n
= 8). (B) Quantitative analysis of TNF-α and IL-1β in joint fluid (�� ± � , n=3). One-way ANOVA (with Tukey’s post-hoc test) was used for the
statistical analysis. The significance levels were denoted as **P < 0.01, ***P < 0.001, and ****P < 0.0001. JBJN, Juanbi capsule; KOA, knee
osteoarthritis, ANOVA, analysis of variance; IL, interleukin; TNF, tumor necrosis factor.

Figure 9 JBJN inhibits the expression of MMP9 and PTGS2 in cartilage tissue. (A) Representative western blotting figures of MMP9 and
PTGS2. (B) Quantitative analysis of the protein expression levels of MMP9 and PTGS2 (�� ± �, n = 3). One-way ANOVA (with Tukey’s post-hoc
test) was used for the statistical analysis. The significance levels were denoted as *P < 0.05, **P < 0.01, ***P < 0.001, and ****P < 0.0001. JBJN,
Juanbi capsule; KOA, knee osteoarthritis, ANOVA, analysis of variance.
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experiments were conducted to validate these findings and establish a
theoretical basis for the clinical management of KOA.
The results of network pharmacology showed that quercetin,

kaempferol, β-sitosterol, sitosterol, and luteolin may be the main
components of JBJN in the treatment of KOA. In osteoarthritis,
quercetin has good anti-inflammatory and cartilage-protective effects
[16]. Quercetin has anti-inflammatory effects by inhibiting the NLRP3
signaling pathway, p38 activation, and endoplasmic reticulum stress,
as well as inhibiting NO, TNF-α, and IL-1β [17, 18]. Qiu et al.
discovered that quercetin can regulate ER stress-related chondrocyte
apoptosis and facilitate the reversal of mitochondrial dysfunction in
chondrocytes by activating the SIRT1/AMPK signaling pathway [19].
Hu et al. discovered that quercetin can regulate the polarization of
synovial macrophages from M1 to M2, inhibit the inflammatory
response of chondrocytes, and alleviate osteoarthritis in rats [20]. In
addition to inhibiting inflammation, Permatasari et al. found that
quercetin prevented proteoglycan destruction by inhibiting the
expression of MMP3, MMP9, MMP13, and ADAMTS-5 in OA model
rats [21]. Kaempferol has functions such as regulating inflammation
and reducing oxidative stress. Zhuang et al. found that kaempferol
could regulate IL-1β-induced inflammatory response in rat
chondrocytes by inhibiting the expression of NF-κB signaling
pathway [22]. Lee et al. found that kaempferol inhibited
IL-1β-stimulated NF-κB ligand-receptor activator mediated
osteoclastogenesis by down-regulating MAPKs, c-Fos, and NFATc1
[23]. Xiao et al. found that kaempferol could inhibit NF-κB activation
and reduce inflammation by inhibiting the generation of reactive
oxygen species and blocking the osteopontin related signaling
pathway regulated by aldosterone [24]. Kaempferol can regulate the
polarization of M1/M2 macrophages, and M1 macrophages have
pro-inflammatory and accelerated cartilage destruction functions [25,
26]. β-sitosterol has anti-inflammatory, immunomodulatory, and
analgesic effects [27]. Liao et al. found that β-sitosterol effectively
inhibited the production of reactive oxygen species induced by
lipopolysaccharide, inhibited the activation of NF-κB, and
subsequently downregulated the expression of IL-6, IL-1β, and TNF-α
in cells [28]. Stigmasterol can bind to the chondrocyte membrane and
inhibit the expression of MMP and PTGS2 by inhibiting the NFκB
pathway [29, 30]. Stigmasterol has the properties of reducing the
expression of inflammatory factors and slowing down the catabolism
of the cartilage matrix. Fei et al. discovered that luteolin can inhibit
IL-1β-induced inflammation in rat chondrocytes, increase the
production of type II collagen, and slow down the progression of
osteoarthritis [31]. Through molecular docking analysis of key
molecules and protein targets, it was found that quercetin,
kaempferol, and β-sitosterol could target and regulate the expression
of TNF-α, IL-1β, MMP9, PTGS2, TP53, VEGFA, and other proteins.
This suggests that the active ingredients of JBJN have
anti-inflammatory, antioxidant, immune-regulating, and cartilage
matrix-protecting functions.
According to PPI network analysis, TNF, IL6, IL1β, MMP9, PTGS2,

TP53, and VEGFA may be the critical targets of JBJN in the treatment
of KOA. Studies have shown that the proinflammatory response
induced by TNF-α, IL-1β, and IL-6 is closely related to M1
macrophages, which induces chondrocyte apoptosis and accelerated
cartilage matrix degradation by leading to the production of
pro-chondrocytic mediators [32, 33]. MMP9 is a component of the
MMPs family, which can degrade most of the articular cartilage
matrix, induce the apoptosis of articular chondrocytes, and eventually
lead to severe destruction of knee cartilage. Studies have shown that
MMP9 can promote the expression of inflammatory mediators such as
TNF-α and IL-1β, aggravate local inflammation, destroy cartilage
matrix, and cause subchondral bone microstructure disorder [34, 35].
PTGS2 is a prostaglandin-endoperoxide synthase, which is a potent
mediator of inflammation and can promote the metabolism of
arachidonic acid to prostaglandins and leukotrienes, which in turn
leads to inflammation [36]. Celecoxib and other selective
non-steroidal anti-inflammatory drugs as PTGS2 inhibitors have been
widely used in the clinical treatment of KOA [37, 38]. Chondrocytes in

patients with advanced osteoarthritis are highly expressed and
promote new blood vessel formation, and VEGFA expression is
gradually increased [39, 40]. VEGFA can upregulate the expression of
MMPs in chondrocytes and downregulate the expression of
extracellular matrix components, including aggrecan and type II
collagen. TP53 is a tumor suppressor gene associated with
tumorigenesis and a key signal that inhibits cell growth and promotes
apoptosis. Studies have shown that KOA chondrocytes with high
expression of p53 exhibit apoptotic or senescent morphology.
Therefore, JBJN can interfere with the target proteins of KOA through
a variety of classic inflammation, apoptosis, and cartilage metabolism
processes and affect the development of KOA.
The results of the functional enrichment analysis revealed a
significant enrichment of molecular proteins related to KOA in GO
function and KEGG pathway. The biological process accounted for the
largest proportion of GO analysis, and the content was mainly
manifested in inflammatory response, cell migration regulation,
reactive oxygen metabolism, hormone stress, cell proliferation, and
others. The KEGG pathways were primarily enriched in the
AGE-RAGE, IL-17, TNF, NF-κB, and PI3K-Akt signaling pathway.
Among them, AGE is an advanced glycation end product, and RAGE is
its receptor. During aging, AGE accumulates in articular cartilage and
participates in the activation of proinflammatory responses and
various inflammatory gene-related signaling pathways [41]. The
AGE-RAGE signaling pathway can be activated downstream of
chondrocytes NF-κB and MAPK signal pathway, stimulate
endoplasmic reticulum stress, produce PTGS2 and NO cartilage cells,
and induce inflammation of cartilage cells [42]. IL-17 signaling
pathway and TNF signaling pathway, as classical inflammatory
pathways, can activate NF-κB and MAPK signaling pathways, and
induce synovial fibroblasts and chondrocytes to produce IL-1, Tnf-α,
MMPs, and other chemokines [43]. NF-κB is a multifunctional
transcription factor involved in a variety of biological processes and is
associated with chondrocyte proliferation, apoptosis, and synovial
inflammatory processes [44]. Studies have found that the NF-κB
signaling pathway is abnormally activated in osteoarthritis, which
directly or indirectly induces the expression of proinflammatory
mediators such as MMP9, PTGS2, PGE2, and iNOS [45]. PI3K/AKT is
a classical signaling pathway that regulates the autophagy response,
which can maintain the homeostasis of chondrocytes, inhibit the
apoptosis of chondrocytes, and promote the proliferation of
chondrocytes, thereby slowing down the process of cartilage
degeneration in KOA [46, 47].
In summary, the pathogenesis of KOA is complex, involving
multiple interconnected signaling pathways that are cross-linked and
mutually modulation. The active ingredients of JBJN can
simultaneously modulate a variety of targets and pathways, showing
the multi-component-multi-target-multi-pathway action pattern of
TCM. Here, we utilized network pharmacology and molecular docking
methods to investigate the mechanism of JBJN in treating KOA. And
our investigation revealed that JBJN could decrease the levels of
TNF-α and IL-1β in serum and synovial fluid of KOA rats, and
downregulate the expression levels of MMP9 and PTGS2 proteins in
the articular cartilage. However, our article does have some
limitations. We did not conduct thorough experimental validation,
and future studies should further validate the role of other pathways
enriched in KEGG analysis, as well as the targets of different active
ingredients of JBJN in KOA. In addition, the effective active
ingredients of the drugs in this study were the values predicted by
computer simulation, did not fully account for the changes in
pharmacokinetics that occur after the active ingredients enter the
body’s metabolism. Therefore, further research is needed to
understand the deeper molecular mechanisms.
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