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Background: Osteoarthritis (OA) is a chronic joint disease characterized by cartilage destruction and
periarticular osteophyte formation. One therapeutic option for this condition, the Wutou Decoction (WTD)
Chinese medicine formula, is satisfactory in its efficacy. Here, we used bioinformatic and molecular docking
techniques to investigate the mechanism of action of WTD in the treatment of OA.

Methods: The active compounds (and their target proteins) of 5 Chinese herbs in WTD were obtained
by searching the Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform.
The action targets of WTD for OA were obtained by searching the Therapeutic Target Database and by
mining the microarray data in the Gene Expression Omnibus. Gene Ontology and Kyoto Encyclopedia of
Genes and Genomes pathway enrichment analyses were performed to identify key targets for OA treatment
with the help of Database for Annotation, Visualization, and Integrated Discovery. Based on the Cytoscape
software version 3.6.1, the visual networks of the “T'CM drugs-Active Compounds-Targets-Diseases” and
protein-protein interaction of the key targets of WTD for the treatment of OA were constructed. The core
active compounds and the key targets obtained were molecularly docked and validated.

Results: Analyses revealed 140 active compounds in WTD, 123 of which had a total of 163 corresponding
targets. In addition, 331 differentially expressed genes and 227 OA-related targets were obtained. The
interaction networks among 32 key targets were identified. The biological processes of WTD in treating
OA mainly involved regulation of inflammatory factors, transcription of genetic materials, cell cycle,
angiogenesis, and endocrine regulation. The signaling pathways involved mainly included TNF signaling
pathway, rheumatoid arthritis signaling pathway, cancer-related signals, vascular endothelial growth factor
signaling pathway, and osteoclast differentiation signaling pathways. Molecular docking showed that 7 core
compounds including quercetin and kaempferol had strong affinities with key target proteins for the WTD
treatment of OA.

Conclusions: WTD with multi-component can treats OA through multi-pathway. Its active compounds,
including quercetin and kaempferol, can exert their therapeutic effects on OA by acting on TNF, PTGS2,
MMP2, IL-6, IL-1B, and other key targets to regulate inflammation, immunity, autophagy, and endocrine-
related signaling pathways.
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Introduction

Osteoarthritis (OA) is a common chronic disease
characterized by a series of degenerative changes of the
joint including articular cartilage degradation, reduction
of chondrocyte count, and periarticular osteophyte
formation (1). Its exact etiology and pathogenesis remain
unclear. With the combined effects of ageing and increasing
obesity in the global population, along with increasing
numbers of joint injuries, this already burdensome
syndrome is becoming more prevalent, with worldwide
estimates suggesting that 250 million people are currently
affected (2). Clinically, the knee is the most common site of
OA, followed by the hand and hip. Therefore, taking knee
osteoarthritis (KOA) as an example, according to a Chinese
epidemiological survey data, the current prevalence rate
of symptomatic KOA in China is 8.1%, which means that
there are approximately 110 million knee osteoarthritis in
China. The number of patients is increasing year by year (3).
Modern treatments, including nonpharmacological,
pharmacological, and surgical therapies have been widely
applied, but are not ideal, with shortcomings such as
indefinite efficacy, adverse effects, and high costs being
common (4). According to traditional Chinese medicine
(TCM), arthritis belongs to the category of bi-syndrome.
In China, TCM therapies are a popular remedy for the
prevention and treatment of OA, with the concept of care
being a holistic approach centered on the principle of
“syndrome differentiation”. As safe, convenient, effective,
and affordable options, TCM therapies have garnered
intense interest in the fields clinical treatment and new drug
development (5). The TCM formula, Wutou Decoction
(WD) was first described in Essentials from the Golden
Cabinet, authored by Zhang Zhongjing (Zhang Ji; 150-219
CE), an eminent Chinese physician in the Eastern Han
dynasty. According to Zhang, “if a person is suffering from
pain in the joints that cannot be flexed or extended, Wutou
Decoction is the main remedy.” The formula is composed
of 5 herbs, namely, Radix Aconiti, Herba Ephedrae, Radix
Astragali seu Hedysari, Paeonia lactiflora Pall, and Radix
glycyrrhizae, and has a long history of use in the prevention
and treatment of OA (6). Its effectiveness has also been
confirmed in our clinical practice. However, due to the
complexity of the compounds and mechanisms of action of
the TCM formula, existing detection techniques, which are
often lacking in sensitivity, expensive, and non-standardized,
cannot efficiently identify the core active compounds
and therefore cannot accurately and reliably reveal the
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mechanisms of action of the herbal formula.

With the rapid advances in bioinformatics, along with
computer science, network, and big data technologies, new
tools have been extensively applied in TCM research and
have borne fruit (7). Among these new techniques, molecular
docking is a research method based on the interaction
between drug molecules and target protein receptors. It
is able to search for the optimal conformation of a ligand
binding with a receptor protein and to predict the binding
mode and affinity for drug design (8,9). Molecular docking
has been widely used in the screening of important and
complex active compounds and in efficacy prediction,
opening new avenues in the research into TCM drug efficacy.
In our study, both bioinformatic and molecular docking
methods were innovative applied, that is better than previous
pure network pharmacology analysis: data mining techniques
with numerous databases [e.g., Traditional Chinese Medicine
Systems Pharmacology Database and Analysis Platform
(TCMSP), Therapeutic Target Database (T'TD), Gene
Expression Omnibus (GEO), Database for Annotation,
Visualization, and Integrated Discovery (DAVID), STRING
Database] were used to screen and predict the potential
targets and signaling pathways of the active compounds of
WTD for the treatment of OA; while molecular docking
was used to select and evaluate the core drug compounds in
WTD, verify that the compound matches the target. It is
explained that the mechanism of TCM formulae from the
perspectives of key compounds, targets and signal pathway
will shed new light on the modernization of TCM formulae
and the research and development of new drugs (Figure I).
We present the following article in accordance with the
MDAR reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-1691).

Methods
Materials

The databases, software, and related analytical platforms
used in this study are detailed in 7able 1.

Collection and screening of chemical compounds of five
Chinese berbs in WITD

When Chinese herbs enter the human digestive tract after
oral administration, they must undergo four physiological
processes including absorption, distribution, metabolism,
and excretion (ADME), which represent the typical

Ann Palliat Med 2021;10(7):7706-7720 | https://dx.doi.org/10.21037/apm-21-1691


https://dx.doi.org/10.21037/apm-21-1691
https://dx.doi.org/10.21037/apm-21-1691

7708 Yan et al. Bioinformatics and molecular docking study for WTD
WTD OA
¢ [
TCMSP Database
GEQ Database TTD, Drugbank,
OMIM, GAD,
¢ ¢ v ¢ v PharmGKB,
] DisGeNET, HPO
Radix Paeonia GSE43923 7 Databases
Radix Herba Astragali lactiflora Radix
Aconiti Ephedrae seu Glycyrrhizae R
. Pall Y A
Hedysari
Differentially-
merentially OA-related targets
expressed genes (n=227)
v (n=307) -
ADME parameters | |
¢ iUnion
Targets of active Disease-related
compounds (n=163) targets (n=528)
| Cytoscape |

Y

* Intersection

Core active compounds (n=7)

Key targets (n=32)

Cytoscape

PPI network diagram

v v

Molecular docking

'

Verification and analysis of action mechanism

v

DAVID

Y

GO analysis/KEGG pathways

Figure 1 Flow chart of the research on the key molecular mechanism of WTD for OA and molecular docking validation. ADME,

absorption, distribution, metabolism, and excretion; OA, osteoarthritis; WTD, Wutou Decoction; DAVID, Database for Annotation,

Visualization, and Integrated Discovery; GEO, Gene Expression Omnibus; PPI, protein-protein interaction; GO, Gene Ontology;
KEGG, Kyoto Encyclopedia of Genes and Genomes; TTD, Therapeutic Target Database; GAD, Genetic Association Database; TCMSP,
Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform; HPO, Human Phenotype Ontology; OMIM, Online

Mendelian Inheritance in Man; PharmaGKB, Pharmacogenetics and Pharmacogenomics Knowledge Base.

pharmacokinetic properties (10,11). The ADME parameters
of the relevant compounds of five herbal medicines in
WTD were searched for in the Traditional Chinese
Medicine Systems Pharmacology Database and Analysis
Platform (TCMSP) (12), and two key qualitative indicators
[oral bioavailability (OB) >30% and drug likeness (DL)
>0.18] were used to screen for the active compounds in the
formula (13,14).

Prediction of the action targets and construction of the

“T'CM drugs-Active compounds-Targets” network

A target prediction model in TCMSP was used to predict
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the action targets of the active compounds in WTD.
Cytoscape 3.6.1 (15), a biological network visualization and
analysis software, was used to construct a visual network
diagram of the active compounds and targets, which
revealed the interactions among herbs, compounds, and
targets in a more vivid manner. The relevant targets of
the active compounds in WTD were obtained through
literature review. The network was analyzed using the
“NetworkAnalyzer” plug-in in Cytoscape. Since the active
compounds with a higher degree may play a more critical
role in the treatment of OA, the core compounds with a
degree 2 times higher than the median in the network were
selected for molecular docking verification.
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Table 1 The databases, software, and related analytical platforms used in this study

No. Name

Website

1 Traditional Chinese Medicine Systems Pharmacology Database and

Analysis Platform (TCMSP)

http://Isp.nwu.edu.cn/tcmsp.php

https://www.ncbi.nlm.nih.gov/gds
https://www.ncbi.nlm.nih.gov/geo/
http://bidd.nus.edu.sg/BIDD-Databases/TTD/TTD.asp
https://www.drugbank.ca/

http://www.omim.org/

https://geneticassociationdb.nih.gov/

http://www.disgenet.org/web/DisGeNET/
https://hpo.jax.org/app/
https://cytoscape.org/
https://www.r-project.org/
https://david.ncifcrf.gov/
https://string-db.org/

http://zinc.docking.org/

2 National Center for Biotechnology Information (NCBI)

3 Gene Expression Omnibus (GEO)

4 Therapeutic Target Database (TTD)

5 DrugBank

6 Online Mendelian Inheritance in Man (OMIM)

7 Genetic Association Database (GAD)

8 Pharmacogenetics and Pharmacogenomics Knowledge Base (PharmGKB) https://www.pharmgkb.org/
9 DisGeNET

10 Human Phenotype Ontology (HPO)

11 Cytoscape software version 3.6.1

12 R Language

13 Database for Annotation, Visualization, and Integrated Discovery (DAVID)
14 STRING protein-protein interactions database (STRING)

15 ZINC

16 Research Collaboratory for Structural Bioinformatics - Protein Data Bank

(RCSB PDB)
17 MAESTRO software version 11.5

https://www.rcsb.org/

https://www.schrodinger.com/

Screening of OA disease targets

Using “Osteoarthritis” as the keyword, we screened
Therapeutic Target Database (T'TD) (16), DrugBank (17),
Online Mendelian Inheritance in Man (OMIM) (18), Genetic
Association Database (GAD) (19), Pharmacogenomics
Knowledgebase (PharmGKB) (20), DisGeNET (21)
(a database of gene-disease associations), and Human
Phenotype Ontology (HPO) (22) for targets related to the
pathogenesis of OA.

The microarray was searched in the National Center
for Biotechnology Information (NCBI) NCBI Gene
Expression Omnibus (GEO) (23) database with the
keyword “Osteoarthritis”. The original microarray data file
numbered GSE43923 and the microarray gene annotation
file GPL570 were obtained, which contained 6 articular
cartilage samples, 3 of which were from OA patients and 3
of which were from healthy controls. The raw microarray
data were analyzed using R language software (The R
Project for Statistical Computing), and the background
correction and quartile data normalization were conducted
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using the robust multi-array average (RMA) algorithm.
The “limma” package was used to analyze the differentally
expressed genes (DEGs) in the microarray data. In this
study, genes with a P value <0.05 and [log fold change
(FC)] >2 were defined as DEGs. Thus, the DEGs of OA
were obtained. Finally, the common OA targets obtained
from the above 7 disease databases and the DEGs obtained
in R language were used to identify the OA targets. The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013).

The Database for Annotation, Visualization and
Integrated Discovery enrichment analyses

The targets related to the active compounds of WTD for
OA were intersected with the OA targets to obtain the
key therapeutic targets of WTD for OA. The Database
for Annotation, Visualization and Integrated Discovery
(DAVID) (24) was used for the batch processing and
annotation of gene expression data and for the Gene
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Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway enrichment analyses.
Functional enrichment analysis of the above key genes was
performed using the DAVID 6.8 online analysis tool, and
scatter plots were created using “ggplot2” in R.

Construction of a protein-protein interaction (PPI)
network for key targets

STRING (25) is a web-based database for online retrieval
of interacting genes and proteins. We entered the above
key targets into the search field and integrated the results
to construct a PPI network diagram of key targets of
WTD for OA using Cytoscape software. Subsequently,
the “NetworkAnalyzer” plug-in was used to analyze the
network, and the core targets with a network median degree
>20 were selected for molecular docking to verify the key
molecular mechanisms of WT'D intervention in OA.

Molecular docking validation

First, based on the results of network analysis, the core
active pharmaceutical compounds of WTD were selected
using the criterion of greater than 2 times the median
degree value of all the pharmaceutical compounds, and
the three-dimensional (3D) structure files of all core active
compounds were downloaded (in .mol2 format) from the
ZINC database. Meanwhile, the RCSB Protein Data Bank
(PDB) was used to search and download the 3D structure
files (in .pdb format) of the core targets screened in above
results. The protein preparation wizard module in Maestro
software version 11.5 (Schrédinger) is used for protein
preparation, hydrogenation, charging, and deletion of water
molecules; protein receptor grid point creation and active
pocket coordinate determination, and grid point files are
generated with the original ligand in the crystal structure
as the center. The box size is set to 1 nm (10 A), and the
system default values are selected for other parameters.
The Lig Prep module is used for ligand processing, the
Epik method is selected to generate all the conformations
of pH 7.0£2.0, and other system defaults are selected; the
Ligand Docking module is used for ligand docking, and the
receptor grid module that has been created is selected on
the Receptor grid module, Select the created ligand on the
File name module. A flexible docking method was adopted.
The validation was based on the matching of results
between the core active compounds and the key target
proteins according to the docking score.
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Statistical analysis

The data were analyzed with R Package, online tool DAVID
and Cytoscape 3.6.1 software. P<0.05 was considered as a
statistically significant value.

Results
Chemical compounds of 5 Chinese herbs in WTD

According to the ADME parameters, a total of 828 compounds
of Radix Aconiti, Herba Ephedrae, Radix Astragali seu
Hedysari, Paeonia lactiflora Pall, and Radix glycyrrbizae were
identified in the TCMSP database, 454 of which met the
criterion of OB >30% and 356 of which met the criterion
of DL >0.18. According to the screening criteria of ADME
parameters, there were 140 compounds meeting both OB
>30% and DL >0.18. Thus, 140 active compounds in WTD
were initially obtained (Figure 2).

Prediction of the action targets and construction of the
“TCM drugs-Active compounds-Targets” network

After the matching analysis based on the target prediction
model in the TCMSP database was completed, 123 active
compounds were identified to have corresponding targets.
A visual network of “T'CM Drugs-Active Compounds-
Targets” was drawn using the Cytoscape software version
3.7.2 (Figure 3). Within the network, there were 2,051
interrelations between 123 active compounds of WTD
and 163 targets, and thus 163 action targets of WTD
were obtained (Figure 3). Each node was then analyzed for
relevant network parameters using the “NetworkAnalyzer”
plug-in of Cytoscape software: the more components a
target corresponds to than other targets, the greater its
degree value, which suggests that the importance of the
target may be relatively higher. The network was analyzed
using the “NetworkAnalyzer” plug-in in Cytoscape,
which yielded 7 core compounds with a degree 2 times
higher than the median 34 in the network (Tzble 2).
These core compounds were used for molecular docking
verification.

Screening of OA-related targets

In 7 databases (including T'TD), 35, 1, 61, 97, 2, 80, and 33
OA-related targets were obtained. After obtaining common
targets and removing duplicates, 227 OA-related targets
were obtained.
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Figure 2 Distribution of active compounds of WTD screened according to ADME parameters. (A) Venn diagram of active compounds of

WTD; (B) proportions of active compounds in WTD. ADME, absorption, distribution, metabolism, and excretion; OB, oral bioavailability;
DL, drug likeness; WTD, Wutou Decoction; TCM, traditional Chinese medicine.
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Figure 3 “T'CM drugs-Active compounds-Targets” network of WI'D. WTD, Wutou Decoction; TCM, traditional Chinese medicine.

Table 2 Basic information of the active compounds of the Wutou Decoction

No. Compound code Compound name OB (%) DL Degree value
1 MOL000098 Quercetin 46.43 0.28 77
2 MOL000422 Kaempferol 41.88 0.24 47
3 MOLO000378 7-O-methylisomucronulatol 74.69 0.30 45
4 MOL003896 7-Methoxy-2-methyl-isoflavone 42.56 0.20 43
5 MOL000392 Formononetin 69.67 0.21 35
6 MOL000354 Isorhamnetin 49.60 0.31 35
7 MOL002565 Medicarpin 49.22 0.34 34

OB, oral bioavailability; DL, druge likeness.
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The raw data file of microarray GSE43923 contains
6 articular cartilage samples, and we compared the
osteochondral tissues of 3 OA patients with the cartilage
tissues of 3 healthy individuals. Analysis with the help
of R language yielded a total of 331 significantly altered
and affected genes. After removing duplicates, 307 genes
were left, of which 256 were upregulated and 75 were
downregulated.

The common OA targets from the above 7 databases
and the DEGs in R language were obtained, and the
intersection with the action targets of active compounds of
the 5 herbs in WTD was determined. In this way, 32 key
targets of WT'D for OA were obtained (7able 3).

DAVID enrichment analyses

The 32 key targets of WTD for OA were uploaded to
the online software DAVID for GO and KEGG pathway
analyses, and 186 biological functions and 60 signaling
pathways were identified. Based on our professional
knowledge and literature review, the top 10 biological
processes (ranked in ascending order by P value) and
10 relevant signaling pathways are presented in the form of
bubble diagrams (Figure 4). It was found that the biological
processes of WT'D for OA mainly involved the positive
regulation of nitric oxide (NO) biosynthesis, positive
regulation of RNA polymerase II promoter transcription,
positive regulation of sequence-specific DNA-binding
transcription factor activity, angiogenesis, apoptosis,
estradiol response, and lipopolysaccharide-mediated
signaling pathway; in addition, the signaling pathways
involved mainly included tumor necrosis factor (TNF)
signaling pathway, rheumatoid arthritis signaling pathway,
cancer-related signaling pathway, amyotrophic lateral
sclerosis signaling pathway, nucleotide oligomerization
domain-like receptors, tuberculosis signaling pathway, and

vascular endothelial growth factor (VEGF).

Construction of a PPI network for key targets

The above 32 key targets of WTD for OA (Table 3) were
entered into the search function of the STRING database to
obtain the target interaction networks. Cytoscape software
was used to visually integrate the data and draw the PPI
network diagram of key targets of WTD for OA (Figure 5).
The results showed that there were 218 interactions among
these 32 key targets. The network parameters were analyzed
using the “NetworkAnalyzer” plug-in, in which the values
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of degree and closeness centrality were positively correlated
with their importance in the network.

Molecular docking validation

After analysis of the network diagram (described in PPI
network for key targets), 9 core targets with network
neutrality values of >20 were selected for molecular docking
with the 7 core drug compounds screened (described in
the “TCM drugs-Active compounds-Targets” network).
It is generally believed that a smaller molecular docking
value indicates a stronger binding ability and affinity
of a compound to the target and a more stable binding
conformation. The binding of a compound to its target is
regarded as good if the value is <-5.0 and extremely strong
if it is <=7.0. The results of molecular docking are shown
in 7able 4. The mean scores of the binding of quercetin to
cellular tumor antigen p53 (7TP53), vascular endothelial
growth factor A (VEGEA), TNEF, C-C motif chemokine 2
(CCL2), mitogen-activated protein kinase 14 (MAPKI4),
and 72 kDa type IV collagenase (MMP2) were all <-5.0, and
its binding capacities were higher than those of the other
6 compounds. Kaempferol had the optimum binding ability
with interleukin-6 (IL6), 7-methoxy-2-methylisoflavone had
the strongest binding ability with IL-1p; and formononetin
had the strongest affinity with prostaglandin G/H synthase
2 (PTGS2) (Figure 6). Notably, quercetin, kaempferol,
7-O-methylisoxylitol, and 7-methoxy-2-methylisoflavone
had docking scores of <-4.25 with the core key target of
WTD for OA and therefore may be the active compounds
of WTD for OA.

Discussion

OA is a multifactorial degenerative joint disease characterized
by cartilage damage and destruction, inflammatory
hyperplasia at the joint edges, and increased joint wear and
tear, which leads to pain. With a high disability rate, OA
seriously affects joint function and quality of life. Although
OA has some similarities with rheumatoid arthritis (RA) in
clinical symptoms such as joint swelling and pain, deformity,
and inflammatory changes. In fact, RA is an autoimmune
syndrome, and its chronic inflammation and the occurrence
of hyperplasia often starts in the synovium of the joints and
gradually invades the articular cartilage, subchondral bone,
ligaments and other tissues. But the origin of OA is often
cartilage. Traditionally, it is believed that OA is caused by
the disruption of the delicate balance between the synthesis
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Degree value

No. Target Abbreviation
1 Tumor necrosis factor TNF

2 Interleukin-6 IL-6

3 Transient receptor potential cation channel subfamily V member 1 TrpV1
4 C-C motif chemokine 2 CCL2
5 Interleukin-1 beta IL-1B
6 Mitogen-activated protein kinase 14 MAPK14
7 72 kDa type IV collagenase MMP2
8 Prostaglandin G/H synthase 2 PTGS2
9 Vascular endothelial growth factor A VEGFA
10 Estrogen receptor ESR1
11 Interstitial collagenase MMP1
12 Myeloperoxidase MPO
13 Peroxisome proliferator-activated receptor gamma PPARG
14 Heme oxygenase 1 HMOX1
15 Stromelysin-1 MMP3
16 Arachidonate 5-lipoxygenase ALOX5
17 Urokinase-type plasminogen activator PLAU
18 Androgen receptor AR
19 Collagen alpha-1(l) chain COL1A1
20 Cellular tumor antigen p53 TP53
21 Prostaglandin G/H synthase 1 PTGS1
22 Cathepsin D CTSD
23 Glutathione S-transferase P GSTP1
24 Serum paraoxonase/arylesterase 1 PON1
25 Collagen alpha-1(lll) chain COL3A1
26 Nuclear receptor coactivator 2 NCOA2
27 Beta-2 adrenergic receptor ADRB2
28 Nuclear receptor coactivator 1 NCOA1
29 Apoptosis regulator Bcl-2 BCL2
30 Glutathione S-transferase Mu 1 GSTM1
31 Serine/threonine-protein phosphatase 2B catalytic subunit alpha isoform PPP3CA
32 Phosphatidylinositol 4,5-bisphosphate 3-kinase catalytic subunit gamma isoform PIK3CG

26
24
24
21
20
20
20
20
20
19
19
19
19
15
15
13
13
12
12
10
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OA, osteoarthritis; WTD, Wutou Decoction.
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Figure 4 GO and KEGG pathway analyses of key genes involved in the treatment of OA with WTD. A larger and redder bubble represents
a larger number of genes related to the biological processes and signaling pathways, corresponding to higher importance; the smaller and

bluer bubbles indicate the opposite. GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; OA, osteoarthritis; WTD,
Wautou Decoction.

Figure 5 PPI network of key targets involved in the treatment of OA with WTD. The circles represent the targets. A larger circle represents
a larger degree value. The color of the target represents the closeness centrality value: a redder circle represents higher a closeness centrality
value, which means the target plays a more important role in the network; a bluer circle represents a smaller closeness centrality value,

corresponding to a smaller role of the target in the network. PPI, protein-protein interaction network; OA, osteoarthritis; WTD, Wutou
Decoction.
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Table 4 Scoring results of molecular docking for key targets of the Wutou Decoction for osteoarthritis

Compound name TP53 VEGFA TNF IL6 CCL2 MAPK14 IL1B MMP2 PTGS2
Quercetin -5.874 -6.598  -8.621 -6.763 -5.896 -5.8 -6.491 -7.037 -8.267
Kaempferol -5.367 -6.034  -8.002 -7.073 -5.341 -4.959 -6.216 -5.435 -7.879
7-O-methylisomucronulatol -4.861 -6.165  -8.303 -6.658  -5.192 -5.351 -6.265 -5.699 -7.708
7-Methoxy-2-methyl-isoflavone ~ -4.72 -5.69 -7.463 -5.416  -4.717 -4.294 -6.723 -6.989 -7.195
Formononetin -4.108 -4.553  -6.055 -5.459 -4.698 -4.453 -6.331 -5.919 -8.733
Isorhamnetin -4.007 -5.3 -6.383 -5.268  -3.713 -5.001 -5.856 -5.554 -7.014
Medicarpin -3.619 -5.05 -6.285 -3.939 -3.888 -4.694 -5.949 -5.219 -6.571

and catabolism of chondrocytes, subchondral bone, and
extracellular matrix (ECM), and a combination of human
factors, mechanics, and biomechanics. The lesions can affect
all joint tissues, including cartilage, subchondral bones,
and synovial tissue (26,27). Unfortunately, the pathogenic
mechanism is not yet clear. Compared with Western
medicine, TCM therapy has been increasingly used in the
prevention and treatment of OA because of its long history,
rich clinical experience, and lower toxicity. OA is categorized
as “bi-syndrome” in TCM. TCM believes that the core
pathogenesis of OA is the “deficiency in origin and excess in
superficiality”. Wind, cold and dampness arthralgia troubles
the meridians, resulting in poor circulation of qi and blood,
mixed with phlegm, dampness, and blood stasis to form a
“excess in superficiality”, which causes OA on the basis of
the “deficiency in origin” of the patient’s liver and kidney
deficiency and muscle and bone dystrophy. In the WTD,
Radix Aconiti warms the meridians to disperse cold and
remove dampness to relieve pain, serving as the sovereign
drug, while Herba Ephedrae disperses wind-cold and dispels
cold and dampness, serving as the minister drug. These two
drugs, with the similar and synergistic effects, combine to
reinforce yang, relieve exterior syndrome, and disperse cold
and dampness; Radix Astragali seu Hedysari invigorates
qi for consolidating immune system, assists the sovereign
and minister drugs to warm the meridians and relieve pain,
and suppresses the excessive effect of Herba Ephedrae in
dispersing superficies. Paeonia lactiflora Pall dredges channel
blockade and moves blood, and can alleviate pain when used
in combination with Radix glycyrrbizae. The combination
of all these 5 herbs can dispel cold, promote circulation,
eliminate dampness, and relieve pain, especially for cold
and painful joints that are unable to flex or extend (6,28).
This is also the mechanism of WTD in treating OA. In fact,
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searching for effective, active monomers from classic TCM
formulae has become an area of intense research focus in
recent years.

Therapeutic effects of the core compounds in WTD on OA

In our current study, we used bioinformatics and network
pharmacology to construct the “T'CM Drugs-Active
Compounds-Targets” network of WT'D and obtained 123
active compounds and 163 action targets in WTD. Seven
core compounds, mostly flavonoids, were screened by
network analysis. Modern pharmacological studies have
shown that flavonoids are a class of naturally occurring
polyphenolic compounds. They exhibit a 3-ring structure
base (C6-C3-C6) and are abundant in Chinese herbal
medicines, such as malaytea scurfpea fruit, epimedium herb,
baical skullcap root, tree peony root bark, chrysanthemum
flower, kudzuvine root, and purple common perilla. They
mainly interfere with the apoptosis, proliferation, and
metabolism of chondrocytes, regulate inflammatory cells
and cytokines, and affect the differentiation from bone
marrow stromal stem cells to chondrocytes, thus exerting
their therapeutic effects against OA (29-32). Quercetin, a
flavonoid with various biological activities, is widely found
in the flowers, leaves, fruits, and seeds of many medicinal
plants and pharmacological properties of antioxidant, anti-
inflammatory, free radical-scavenging, and immune-boosting
activity (33,34). Ex vivo experiments have demonstrated that
quercetin can effectively reduce the expressions and secretion
of inflammatory cytokines, such as tumor necrosis factor-o
(TNFuo), IL-1B, and 1L-6 (35-37), and its potential role in
treating OA warrants further exploration. Kaempferol, a
natural flavonol component, has a variety of pharmacological
activities. Ex vivo experiments have demonstrated that it
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7-methoxy-2-methyl-isoflavone
-IL1B

Kaempferol-IL6

Quercetin-MMP2

Formononetin-PTGS2

Quercetin-TNF

Quercetin-VEGFA

Figure 6 Molecular docking pattern.

can significantly lower the expression levels of IL-1p and
other inflammatory markers in rat chondrocytes, thereby
suppressing the degradation of type II collagen; also, it
exerts its antiarthritic effect by regulating intestinal flora
and microbial metabolism (38,39). A study using liquid

chromatography-electrospray ionization-mass spectrometry
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(LC-ESI/MS) revealed that Pergularia daemia extract can
effectively treat joint pain and arthritis, with its major active
compounds being flavonoids, such as formononetin and
quercetin (40). Isorhamnetin, a natural 3'-O-methylated
flavonoid, has been shown to exert strong anti-inflammatory

and antioxidant activity. It can inhibit oxidative stress in mice
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with collagen-induced arthritis by regulating the expressions
of cytokines. Research has demonstrated its effect on IL-6,
and thus isorhamnetin can be applied in the treatment of
rheumatoid arthritis (41). In an animal study, medicarpin, an
active component with anti-osteoclast properties, significantly
downregulated the destruction of protective cartilage by
downregulating proinflammatory cytokines TNF-a, IL-6,
and IL-17A and upregulating the anti-inflammatory cytokine
IL.-10 (42). Thus far, no literature has described the roles of
7-O-methylisoxylitol and 7-methoxy-2 methyl isoflavones in
the prevention and treatment of OA, but it is speculated that
they may function similarly to other flavonoids, which should
be confirmed by further research.

Association of key targets, biological processes, and
signaling pathways with OA

Molecular docking showed that all of the 7 core drug
compounds had the strongest binding ability to TNF and
PTGS2 and also had strong affinity to VEGFA, IL-6, IL-1B,
and MMP2. TNF belongs to a class of cytokines that can
trigger tumor bleeding and necrosis, and is mainly involved
in immune response, antitumor activity, inflammatory
response, and other physiopathological processes. It can
induce the secretion of IL-1, IL-6, IL.-8, cerebrospinal
fluid (CSF), matrix metalloproteinases (MMPs), and other
cytokines and chemokines, accelerating the development
of inflammatory response. Among them, TNF-a plays an
important role in the pathogenesis of OA: the inflammatory
cells can activate trypsinogen via TNF-a, and TNF-a,
when abundant, can accelerate the death of chondrocytes,
which in turn further aggravates the systemic and local
inflammatory responses (43). Quercetin, kaempferol,
7-O-methylisoxylitol, and 7-methoxy-2-methyl isoflavone
have a strong affinity to TNF and may inhibit its expression,
thus exerting a protective effect on cartilage. The activity of
PTGS2, which encodes cyclooxygenase-2 (COX-2), directly
affects the synthesis of prostaglandin (PG), which mainly
exists in synovial tissue and is thought to be closely related
to vasodilation, fluid exudation, and local pain. Certain
cyclooxygenase-2 (COX-2) inhibitors can exert similar
pharmacological effects as nonsteroidal anti-inflammatory
drugs (NSAIDs) (44). MMPs can catalyze the metabolism of
collagen and proteoglycan in the soft ECM mainly through
hydrolytic enzymes. MMP?2 is a gelatinase A enzyme that
can directly cause the degradation of ECM, the excess of
which can result in the loss of the structural integrity of
the articular cartilage fibers and collagen network, leading
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to the decreased elasticity and protective capability of
these structures, ultimately resulting in OA (45). TP53 is
thought to be closely associated with fibroblast like synovial
cell proliferation and joint destruction in rheumatoid
arthritis (46). Articular cartilage is devoid of blood vessels,
and thus the expression of VEGFA is extremely low in
normal chondrocytes. Studies (47-49) have revealed the
presence of large amounts of VEGFA in articular cartilage,
synovium, and synovial fluid of OA patients, and VEGFA
expression has been positively correlated with OA severity
and pain intensity. Thus, VEGFA is considered to be a
key contributor to the pathogenesis of OA (50). CCL2
is a chemokine that activates monocytes, macrophages,
and lymphocytes in inflammatory and immune responses.
CCL2 expression is elevated in the peripheral blood of OA
patients and in bone and joint tissues of OA rats, suggesting
its potential application as a biomarker for the diagnosis,
prognosis, and treatment of OA (51,52). TNF-a in the
TNF signaling pathway can induce the activation of NF-«xB
signaling pathway in synovial cells (53). The dysregulation
of NF-«B signaling plays a vital role in the regulation of OA
inflammation and chondrocyte proliferation, differentiation,
and apoptosis, which ultimately leads to cartilage
degradation and joint damage (54). The MAPK pathway
is involved in regulating cell proliferation, autophagy, and
apoptosis; inflammation; and other physiopathological
processes. In particular, MAPK pathway plays a key role
in balancing the level and metabolism of chondrocytes
by regulating articular cartilage autophagy (55).
Additionally, by degrading the cartilage ECM, it can
directly induce chondrocyte hypertrophy and apoptosis,
resulting in degenerative joint changes (56,57). It has been
shown that IL-1p is a key proinflammatory cytokine in OA,
as it can lead to disruption of the normal metabolic and
synthetic processes of chondrocytes; also, it can promote
the secretion of TNF-A, which causes chondrocyte death
and aggravates the pathogenesis of OA (58). IL-6 is one
of the key acute response mediators in cartilage injury and
repair. It is positively correlated with TNF-a expression and
trauma severity. It has been found IL-6 can stimulate the
production of other inflammatory mediators after trauma
and contribute to the occurrence of systemic inflammatory
response syndrome (59,60).

In summary, the core drug compounds, key targets of
action, and major signaling pathways of WTD for OA
were identified through bioinformatics and molecular
docking analyses. The 7 core compounds found regulate
inflammation, immunity, autophagy, apoptosis, metabolism,

Ann Palliat Med 2021;10(7):7706-7720 | https://dx.doi.org/10.21037/apm-21-1691



7718

and endocrine signaling pathways mainly through the
targets of TNE, PTGS2, MMP2, IL-6, and IL-1p, which
may be the key regulatory mechanism of WTD in the
treatment of OA. However, they are still in the early stage
of the study and exist some limitations. For example,
bioinformatics and molecular docking analyses uses
computer screening to achieve target selection, and some
results do not have enough experimental data support. In
the same way, more corresponding experiments are still
needed to support our results further. We will continue to
conduct in vive and ex vivo experiments to investigate the
core mechanisms of WTD in the prevention and treatment
of OA, so as to further promote the application of classic
TCM formulae in clinical settings and to gather new
insights for the development of new drug therapies.
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