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Abstract: Background: Icarin’s mechanism of action in osteoarthritis (OA) was explored using network pharmacol-
ogy and the GEO database, and then further validated using molecular docking. Methods: GEO database using 
network pharmacology identified differential genes in OA based on Icariin’s possible targets predicted by pharm-
mapper database. Combining the differentially expressed genes in OA with the OA-related targets, the overlapping 
targets were removed. In order to determine what Icariin’s core targets are for treating OA, PPI network analysis 
was performed using OA-related targets and possible Icariin targets. Furthermore, molecular docking was used 
to verify the chemical’s binding to the targets. Final steps included Gene Ontology (GO) enrichment analysis and 
Kyoto Encyclopedia of genes and genomes (KEGG) pathway enrichment analysis. Cytoscape was used to construct 
a network of compound-target-pathway-disease. Results: Protein-protein interactions between overlapping targets 
revealed 151 intersection targets based on a network analysis. The top ten targets with the highest enrichment 
scores were SRC, MAPK1, HSP90AA1, AKT1, PTPN11, ESR1, EGFR, RhoA, JAK2, and MAPK14. KEGG enrichment 
analysis showed that the pathways at which Icariin intervention occurs include the OA including FOXO signaling 
pathway, and estrogen signaling pathway. The GO analysis result showed that various biologic processes such as 
proteolysis, angiogenesis, innate immune response, and positive regulation of inflammatory response were involved 
in treatment. Molecular docking analysis confirmed that Icariin could bind well to the targets through intermolecular 
forces. Conclusion: With its multi-targeting and multi-pathway characteristics, Icariin is a promising candidate drug 
for treating OA.
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Introduction

There are several causes for limited joint func-
tion and persistent pain, including osteoarthri-
tis (OA). It affects 140 million people worldwide, 
and cases are increasing [1]. The main mecha-
nism of OA is abnormal metabolism of joint tis-
sue, resulting in the cartilage degeneration, 
subchondral bone thickening, synovitis, and 
loss of normal joint function [2, 3]. The most 
common methods for treating knee osteoar-
thritis include weight control, physical therapy, 
medications, and surgery to improve knee func-
tion and alleviate pain [4]. It is stated in several 
relevant guidelines that oral non-steroidal anti-
inflammatory drugs (NSAIDs) are still the main 

drug treatment for OA. Many trials have proven 
their short-term efficacy, so they are strongly 
recommended [5-7]. However, in recent years, 
the widespread oral administration of NSAIDs 
has been questioned for their many side 
effects, such as kidney injury, gastrointestinal 
irritation, and increased risk of cardiovascular 
disease [8, 9]. In 2019, the guidelines jointly 
formulated by the American College of Rheu- 
matology and the Arthritis Foundation stressed 
that the dosage of NSAIDs should be as low as 
possible and the service cycle should be short-
ened [5]. Therefore, there is an urgent need for 
an alternative drug that is equally effective but 
with fewer side effects.

http://www.ajtr.org
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The natural Chinese herbal medicine icaridin is 
widely used in China to treat OA, having both 
high safety and definite curative effects. Icariin 
is the main active natural product isolated from 
Icariin, which is one of the flavonol glycosides 
and has a wide range of biologic activities. 
Icariin has shown a vital of anti-inflammatory, 

(https://www.uniprot.org/) [15] to the official 
name.

Screening of genes related to OA

The GEO database was used to obtain data 
related to OA (https://www.ncbi.nlm.nih.gov/
geo/) [16]. A molecular sequencing facility  

Figure 1. The molecular structure of Icariin.

Figure 2. Heatmap of expression value of differentially expressed 
genes in GSE55457 data set: red cells indicate the genes with 
up-regulated expression and green cells indicate the genes with 
down-regulated expression.

immune regulation, cartilage formation 
promotion, and analgesic effects in OA 
[10, 11]. In spite of this, its molecular 
mechanism remains unclear.

Recent years have seen the emergence 
of a new discipline called network phar-
macology, which combines network 
analysis with drug discovery. This can 
be used to clarify the synergy of drug 
active ingredients through compound-
target-disease networks and predict 
the mechanism of disease treatment 
through multi-target and multi-pathway 
analysis at the molecular level [12]. It 
has become increasingly apparent in 
recent years that network pharmacolo-
gy has great potential for understand-
ing the interactions between genes, 
proteins, and disease. Since the advent 
of network pharmacology methods, 
new opportunities have opened up for 
studying the pharmacologic effects of 
complex herbal medicines. The molecu-
lar mechanisms of Icariin were predict-
ed in this study by developing a network 
pharmacology model. Our next step 
was to verify the predictions by using 
molecular docking technology to test 
Icariin’s pharmacological effects on 
osteoarthritis.

Materials and methods

Target prediction of icariin

We were able to obtain the mo- 
lecular structure file for Icariin  
from PubChem (http://pubchem.ncbi.
nlm.nih.gov/) [13]. In order to predict 
Icariin’s targets, the structure file of 
Icariin was uploaded to pharmmap- 
per (http://www.lilab-ecust.cn/pharm-
mapper/) [14]. The research species 
was set as homo sapiens only (v2010, 
2241), other parameters were set as 
default. The UniProt database was us- 
ed for converting the protein name 
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affiliated with the Jena University affiliated  
hospital conducted the sequencing for GSE- 
55457. Ten samples from patients with OA  
and ten from controls were included in the  
data set. The analysis was conducted with  
the Affymetrix Human Genome U133A Array 
GPL96 [HG-U133A]. We used the limma pack-
age to analyze the differential expression in  
the database. A P-value of 0.05 and a fold-
change of 2.0 were used as analysis thresh-
olds. As part of our analysis, we retrieved OA 
targets from the Genecards database (http://
www.genecards.org/) [17], the OMIM database 
(https://omim.org/) [18], and the TTD databa- 
se (http://db.idrblab.net/ttd/) [19]. Combining 
with the OA differentially expressed genes, the 
OA disease-related gene data set was deter-
mined after removing the overlapping genes.

PPI network construction

A possible target for icariin in treating OA would 
be the intersection of OA-related genes and 
icariin targets. By intersecting the targets, a 
string database (http://string-db.org/) was cre-
ated [20]. Cytoscape v3.7.2 software (http://
www.cytoscape.org) was loaded with network 
data. The PPI network was constructed using 
the network analyzer, which is a plug-in of 

PDB database (https://www.rcsb.org/). The 
molecular docking analysis between the core 
proteins and active molecule of icariin was per-
formed using CB-dock website and auto dock 
Vina (version 1.1.2).

Results

Target mining of Icariin

The molecular structure (Figure 1) of Icariin 
was obtained through Puchem database. The 
PharmMapper database and UniProt database 
were used for target prediction and gene name 
correction. Ultimately, Icariin’s potential targets 
amounted to 300.

OA related gene mining

The gene transcription profile chip GSE55457 
was used in this study, and a total of 518 dif-
ferentially expressed genes, including 304 up-
regulated genes and 214 down-regulated gen- 
es, were screened according to the criteria of 
P<0.05 and fold change ≥2 (Figure 2). LogFC 
and -log10 p values were the abscissa and  
ordinate, respectively, and the volcanic map 
was used to visualize genes that are differen-
tially expressed (Figure 3). Three databases 
were used for gene identification: gene cards, 

Figure 3. Analysis of genes with differential expression in 
GSE55457 dataset in volcanic map. Red dots represent the up-
regulated genes and the green dots represent the down-regulated 
genes.

Cytoscape v3.7.2 software to analyze 
the topology of the network. The core 
target of icariin in the treatment of OA 
was selected according to the value 
among centrality (BC), closeness cen-
trality (CC), and degree of intersected 
targets.

Enrichment analysis and the construc-
tion of compound-target-pathway-
disease network 

Using clusterprofiler, we performed an 
analysis of the predicted therapeutic 
targets based on the Gene Ontology 
(GO) and Kyoto Encyclopedia of genes 
and genomes (KEGG) enrichment anal-
yses. By using Cytoscape, terms with 
P<0.05 were selected for construction 
of a compound-target-pathway-disease 
network.

Molecular docking verification

The protein structure files of the top ten 
core targets were downloaded from the 
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OMIM, and TTD. The gene cards database con-
tained 3099 OA-related genes, while the OMIM 
database contained 68 OA-related genes, and  
TTD database contained 23 OA-related genes. 
After deleting the overlapping targets, 3517 
OA-related genes were identified.

PPI network analysis

From the intersection of icariin targets with 
OA-related genes, 151 intersected targets were 
identified. In order to build the PPI network, the 
intersected targets were imported into the 
String database and the network data were 

imported into Cytoscape (Figure 4). Having 
removed the free targets, there were 107 
nodes and 264 edges in the network. In this 
study, the network was analyzed topologically. 
According to the median values, the median 
value for BC was 0.00361191, and the median 
value for CC was 0.00361191. Degree values 
higher than twice the median value as well as 
BC and CC values greater than the median 
value were used to select core targets (Table 
1). Finally, a total of 28 targets, including SRC, 
MAPK, HSP90AA1, AKT1, PTPN11, ESR1, 
EGFR, RhoA, JAK2, Mapk14, IL2, AR, MAPK8, 
IGF1, CASP3, JAK3, F2, KDR, MDM2, PPARγ, 

Figure 4. Interaction network of the targets with highest confidence of Icariin in the treatment of OA.
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NOS3, PDPK1, HSPALA, CSK, NOS2, TGFBR1 
and MMP2 met the above requirements and 
were screened as the core targets.

Analyzing compound-target-pathways and con-
structing compound-target-pathway networks 

The enrichment analysis for intersected tar- 
gets using the DAVID database showed that 
356 GO entries with a significance of P<0.05 
were involved in the mechanism of the OA  
treatment using Icariin, including 294 biologi-
cal processes (BP) entries, 41 cellular compo-
nent (CC) entries and 85 molecular function 
(MF) entries, mainly involving proteolysis, an- 
giogenesis, innate immune response Positive 
regulation of inflammatory response, extracel-
lular space, cytosol, steroid receptor activity 
and protein tyrosine kinase activity (Figure 5).

A total of 41 related pathways were obtained 
after the KEGG pathway analysis (Table 2; 
Figure 6), mainly including FOXO signaling path-
way, estrogen signaling pathway, Ras signaling 
pathway, PI3K Akt signaling pathway, prolactin 
signaling pathway, Rap1 signaling pathway 
Insulin resistance, neurotrophin signaling path-
way, TNF signaling pathway, osteoclast differ-
entiation, complement and coagulation cas-
cades, VEGF signaling pathway, Fc epsilon  
RI signaling pathway, and MAPK signaling 
pathway.

With the help of the Cytoscape software, a net-
work representing compounds, pathways, and 
diseases was constructed (Figure 7). The yel-
low nodes represent targets, while the green 
nodes represent pathways. In this network, 41 
pathways and 83 targets are represented by 

Table 1. PPI network of core targets and their topologic parameters
Target Gene Target Protein BC CC Degree
SRC Proto-oncogene tyrosine-protein kinase Src 0.20762006 0.48484848 28
MAPK1 Mitogen-activated protein kinase 1 0.17673147 0.47058824 24
HSP90AA1 Heat shock protein HSP 90-alpha 0.16977015 0.4549763 23
AKT1 RAC-alpha serine/threonine-protein kinase 0.11534838 0.42477876 20
PTPN11 Tyrosine-protein phosphatase non-receptor type 11 0.03679226 0.4137931 19
ESR1 Estrogen receptor 0.15340146 0.42290749 18
EGFR Epidermal growth factor receptor 0.05024366 0.41201717 17
RHOA Transforming protein RhoA 0.06401316 0.4137931 16
JAK2 Tyrosine-protein kinase JAK2 0.03546004 0.384 13
MAPK14 Mitogen-activated protein kinase 14 0.02429386 0.39669421 12
IL2 Interleukin-2 0.02505976 0.39669421 10
AR Androgen receptor 0.04274218 0.40336134 10
MAPK8 Mitogen-activated protein kinase 8 0.04652714 0.37209302 10
IGF1 Insulin-like growth factor I 0.04262397 0.40336134 10
CASP3 Caspase-3 0.04499786 0.37065637 9
JAK3 Tyrosine-protein kinase JAK3 0.00369136 0.36781609 9
F2 Prothrombin 0.19405893 0.39834025 9
KDR Vascular endothelial growth factor receptor 2 0.02863362 0.37795276 9
MDM2 E3 ubiquitin-protein ligase Mdm2 0.01775826 0.37065637 8
MET Hepatocyte growth factor receptor 0.00948654 0.37065637 8
PPARA Peroxisome proliferator-activated receptor alpha 0.10941735 0.38866397 8
NOS3 Nitric oxide synthase, endothelial 0.00361191 0.35820896 7
PDPK1 3-phosphoinositide-dependent protein kinase 1 0.02824207 0.37795276 7
HSPA1A Heat shock 70 kDa protein 1A 0.0122306 0.37209302 7
CSK Tyrosine-protein kinase CSK 0.01007009 0.36641221 7
NOS2 Nitric oxide synthase, inducible 0.0100451 0.37944664 6
TGFBR1 TGF-beta receptor type-1 0.03064952 0.32876712 6
MMP2 72 kDa type IV collagenase 0.05836368 0.36226415 6
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126 nodes and 563 edges, which reflect the 
characteristics of the multi-target and multi-
pathway treatment of OA with icariin.

The molecular docking verification between 
Icariin molecule and the core targets which 
were arranged in the top ten degrees (Table 3) 
shows that the minimum Vina docking score 
between all targets and Icariin is less than -7.0, 
indicating that the ligand (Icariin) can bind to 
the receptors spontaneously [21], and the  
binding activity between the compound and the 
targets is high. The results of molecular dock-
ing verification are visualized in Figure 8. It can 
be seen that Icariin can bind well with the 
receptors by hydrogen bonds, hydrophobic forc-
es, aromatic ring accumulation, and other inter-
molecular forces.

Discussion

Network pharmacology is a subject that com-
bines bioinformatics with a systematic method 
for analyzing illness, targets, and drug interac-
tions based on a network. It has effectively con-
tributed to the research of herbal compounds 
and monomers [22, 23]. For this reason, herbal 
medicines have been used extensively to treat 
related diseases by anticipating their mecha-
nisms of action. In this study, a biologic net- 
work analysis was used to investigate Icariin’s 
basic mechanism of action for treating osteoar-
thritis (OA) and a molecular docking study was 
done to confirm this mechanism.

To further research the primary targets of 
Icariin acting on OA, these findings revealed  

Figure 5. Histogram of GO biological process analysis.
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Table 2. KEGG pathway analysis

KEGG ID Term Gene  
Number P value Gene ID

hsa04068 FoxO signaling pathway 17 3.23E-09 TGFB2, PDPK1, PLK1, IGF1, MAPK14, SOD2, EGFR, TGFBR1, PIK3CG, TGFBR2, IGF1R, MAPK10, MAPK8, 
CDK2, MDM2, AKT1, MAPK1

hsa04915 Estrogen signaling pathway 14 3.34E-08 HSPA8, HSP90AA1, NOS3, SRC, MMP2, ESR1, MMP9, EGFR, PIK3CG, ESR2, AKT1, MAPK1, CALM1, 
HSPA1A

hsa04014 Ras signaling pathway 20 3.64E-08 PLA2G2A, PTPN11, IGF1, RHOA, EGFR, PGF, PIK3CG, IGF1R, MAPK10, ZAP70, MAPK8, KIT, PLA2G10, KDR, 
AKT1, MAPK1, CALM1, MET, FGFR2, FGFR1

hsa04151 PI3K-Akt signaling pathway 23 3.94E-07 GSK3B, HSP90AA1, SYK, NOS3, PDPK1, IGF1, EGFR, IL2, PGF, PIK3CG, IGF1R, RHEB, KIT, CDK2, MDM2, 
KDR, AKT1, MAPK1, JAK2, JAK3, MET, FGFR2, FGFR1

hsa04917 Prolactin signaling pathway 11 7.13E-07 MAPK10, GSK3B, MAPK8, SRC, MAPK1, AKT1, JAK2, MAPK14, ESR1, ESR2, PIK3CG

hsa04015 Rap1 signaling pathway 17 1.80E-06 SRC, IGF1, ITGAL, MAPK14, RHOA, EGFR, PGF, PIK3CG, IGF1R, KIT, KDR, AKT1, MAPK1, CALM1, MET, 
FGFR2, FGFR1

hsa04931 Insulin resistance 12 5.23E-06 MAPK10, GSK3B, PTPN1, MAPK8, PDPK1, NOS3, NR1H2, NR1H3, AKT1, PTPN11, PPARA, PIK3CG

hsa04722 Neurotrophin signaling pathway 12 1.45E-05 MAPK10, GSK3B, MAPK8, PDPK1, MAPKAPK2, MAPK1, AKT1, PTPN11, CALM1, MAPK14, RHOA, PIK3CG

hsa04668 TNF signaling pathway 11 3.05E-05 MAPK10, CASP7, MAPK8, CCL5, CASP3, MMP3, MAPK1, AKT1, MAPK14, MMP9, PIK3CG

hsa04380 Osteoclast differentiation 12 3.32E-05 MAPK10, TGFB2, MAPK8, SYK, CTSK, MAPK1, AKT1, PPARG, MAPK14, TGFBR1, PIK3CG, TGFBR2

hsa04610 Complement and coagulation cascades 9 4.16E-05 F7, SERPINA1, C1S, F10, PLAU, C1R, PLAT, F2, F3

hsa04370 VEGF signaling pathway 8 1.37E-04 SRC, NOS3, MAPKAPK2, KDR, MAPK1, AKT1, MAPK14, PIK3CG

hsa04664 Fc epsilon RI signaling pathway 8 2.72E-04 MAPK10, MAPK8, SYK, PDPK1, MAPK1, AKT1, MAPK14, PIK3CG

hsa04010 MAPK signaling pathway 15 2.78E-04 HSPA8, TGFB2, MAPK14, EGFR, TGFBR1, TGFBR2, MAPK10, MAPK8, CASP3, MAPKAPK2, AKT1, MAPK1, 
FGFR2, HSPA1A, FGFR1

hsa04550 Signaling pathways regulating pluripotency of stem cells 11 2.94E-04 GSK3B, MAPK1, AKT1, IGF1, JAK2, MAPK14, JAK3, FGFR2, PIK3CG, FGFR1, IGF1R

hsa04919 Thyroid hormone signaling pathway 10 3.02E-04 GSK3B, THRA, PDPK1, RHEB, SRC, MDM2, MAPK1, AKT1, ESR1, PIK3CG

hsa04071 Sphingolipid signaling pathway 10 4.15E-04 MAPK10, MAPK8, PDPK1, NOS3, MAPK1, AKT1, MAPK14, CTSD, RHOA, PIK3CG

hsa04660 T cell receptor signaling pathway 9 5.68E-04 GSK3B, ZAP70, PDPK1, MAPK1, AKT1, MAPK14, RHOA, IL2, PIK3CG

hsa04910 Insulin signaling pathway 10 0.001143915 MAPK10, GSK3B, PTPN1, MAPK8, PDPK1, RHEB, MAPK1, AKT1, CALM1, PIK3CG

hsa04012 ErbB signaling pathway 8 0.001219899 MAPK10, GSK3B, MAPK8, SRC, MAPK1, AKT1, EGFR, PIK3CG

hsa04912 GnRH signaling pathway 8 0.001587681 MAPK10, MAPK8, SRC, MMP2, MAPK1, CALM1, MAPK14, EGFR

hsa04066 HIF-1 signaling pathway 8 0.002162982 NOS2, NOS3, MAPK1, AKT1, IGF1, EGFR, PIK3CG, IGF1R

hsa04152 AMPK signaling pathway 9 0.002189371 CCNA2, PDPK1, RHEB, AKT1, PPARG, HMGCR, IGF1, PIK3CG, IGF1R

hsa04620 Toll-like receptor signaling pathway 8 0.003786019 MAPK10, MAPK8, CCL5, CTSK, MAPK1, AKT1, MAPK14, PIK3CG

hsa04621 NOD-like receptor signaling pathway 6 0.003941611 MAPK10, HSP90AA1, MAPK8, CCL5, MAPK1, MAPK14

hsa04150 mTOR signaling pathway 6 0.004588605 PDPK1, RHEB, MAPK1, AKT1, IGF1, PIK3CG

hsa04350 TGF-beta signaling pathway 7 0.004948262 TGFB2, NOG, MAPK1, BMP7, RHOA, TGFBR1, TGFBR2

hsa04650 Natural killer cell mediated cytotoxicity 8 0.008121692 ZAP70, SYK, CASP3, ICAM2, MAPK1, PTPN11, ITGAL, PIK3CG

hsa04920 Adipocytokine signaling pathway 6 0.010130688 MAPK10, MAPK8, AKT1, PTPN11, JAK2, PPARA

hsa04750 Inflammatory mediator regulation of TRP channels 7 0.010350527 MAPK10, MAPK8, SRC, IGF1, CALM1, MAPK14, PIK3CG

hsa04611 Platelet activation 8 0.011319533 SYK, SRC, NOS3, MAPK1, AKT1, MAPK14, RHOA, PIK3CG
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hsa04024 cAMP signaling pathway 10 0.012409541 MAPK10, MAPK8, PDE4D, PDE4B, MAPK1, AKT1, CALM1, PPARA, RHOA, PIK3CG

hsa04612 Antigen processing and presentation 6 0.014143102 HSPA8, HSP90AA1, B2M, CTSS, CTSB, HSPA1A

hsa04670 Leukocyte transendothelial migration 7 0.021377856 MMP2, PTPN11, ITGAL, MAPK14, MMP9, RHOA, PIK3CG

hsa04064 NF-kappa B signaling pathway 6 0.02403003 ZAP70, CSNK2A1, SYK, PLAU, CSNK2B, XIAP

hsa04062 Chemokine signaling pathway 9 0.024240122 GSK3B, SRC, CCL5, MAPK1, AKT1, JAK2, JAK3, RHOA, PIK3CG

hsa04210 Apoptosis 5 0.029248074 CASP7, CASP3, XIAP, AKT1, PIK3CG

hsa03320 PPAR signaling pathway 5 0.03742122 FABP4, PDPK1, NR1H3, PPARG, PPARA

hsa04662 B cell receptor signaling pathway 5 0.04102281 GSK3B, SYK, MAPK1, AKT1, PIK3CG

hsa04810 Regulation of actin cytoskeleton 9 0.044933097 SRC, MAPK1, ITGAL, F2, RHOA, EGFR, FGFR2, PIK3CG, FGFR1

hsa04310 Wnt signaling pathway 7 0.046167362 MAPK10, GSK3B, MAPK8, MMP7, CSNK2A1, CSNK2B, RHOA
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an Icariin-OA protein interaction network, and 
the top ten core targets were SRC, MAPK1, 
HSP90AA1, PTPN11, ESR1, EGFR, RhoA, JAK2, 
and MAPK14. Src kinases should serve an 
important physiological role in controlling carti-
lage survival, as accumulating data reveals. It 
has been suggested that inhibiting SRC ac- 
tivity may be an effective strategy for maintain-
ing or inducing chondrocyte phenotypes, such 
as in vitro cartilage formation in tissue engi-
neering approaches or preventing cartilage 
loss in OA patients, suggesting that they may 
be targets for chondrogenesis in OA therapeu-
tic applications and tissue engineering [24]. In 
the pathogenesis of OA, Tao et al. [25] demon-
strated that protein tyrosine phosphatases 
with the SRC homology 2 structural domain 
(SHP2) can bind directly to β-catenin, promot-
ing the Wnt/β-catenin signaling pathway. 
MAPK1 (extracellular signal-regulated kinase 2) 
belongs to the MAP kinase family. Under the 
combined action of inflammatory responses, 
phosphorylation of MAPK1 can increase chon-

drocyte hypertrophy and differentiation and 
induce death in chondrocytes. MAPK1 has 
been identified as a miR-186-5p target gene 
that is controlled by miR-186-5p. By enhancing 
MAPK1 expression, miR-186-5p can attenuate 
IL1B-induced inflammatory damage in chon-
drocytes [26]. In addition, serine/threonine  
protein kinase 1 (AKT1) contributes significant-
ly to the protein interaction network. In a mou- 
se model of OA, active AKT1 dramatically sup-
pressed the nucleotide expression of pyrophos-
phatase/phosphodiesterase 1, a critical inhibi-
tor of calcification, resulting in the production 
of calcified bone [27]. 

By analyzing functional enrichment, we can 
uncover how gene products interact with each 
other and further investigate Icariin’s mecha-
nism of action for OA treatment. GO and KEGG 
enrichment analyses revealed that a large num-
ber of GO functions and KEGG pathways linked 
to OA were substantially enriched, with the 
FOXO signaling pathway, estrogen signaling 

Figure 6. Bubble diagram of KEGG pathway analysis.
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Figure 7. Compound-target-pathway-disease network of Icariin in the treatment of OA. Molecular docking verifica-
tion.

Table 3. The molecular docking verification analysis
Target Gene Target Protein PDB ID The Lowest Vina Score
SRC Proto-oncogene tyrosine-protein kinase Src 3D7T -9.7
MAPK1 Mitogen-activated protein kinase 1 6G54 -10.0
HSP90AA1 Heat shock protein HSP 90-alpha 5NJX -7.4
AKT1 RAC-alpha serine/threonine-protein kinase 2UZR -7.9
PTPN11 Tyrosine-protein phosphatase non-receptor type 11 7JVN -9.1
ESR1 Estrogen receptor 4XI3 -8.3
EGFR Epidermal growth factor receptor 3IKA -8.7
RHOA Transforming protein RhoA 1TXD -7.3
JAK2 Tyrosine-protein kinase JAK2 6E2Q -9.5
MAPK14 Mitogen-activated protein kinase 14 5ETI -8.1
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Figure 8. The molecular docking mode. (A) Icariin-MAPK1, (B) Icariin-SRC, (C) Icariin-JAK2, (D) Icariin-PTPN11.
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pathway, RAS signaling pathway, and PI3K/Akt 
signaling pathway being the most enriched 
KEGG pathways. As we age, we are more likely 
to develop OA. FOXO transcription factors pro-
tect against aging on a cellular and systemic 
level. In cartilage, FoxO expression decreases 
with age and osteoarthritis [28, 29]. A study by 
Tokio et al. [30] showed that overexpression of 
FoxO1 reduced inflammatory mediator produc-
tion in OA chondrocytes and cartilage degrada-
tion. Additionally, FoxO1 inhibits the production 
of interleukin-1 and elevated protective genes. 
FOXO is essential for the formation, maturation, 
and homeostasis of postnatal cartilage and 
protects against OA-related cartilage damage, 
suggesting that FOXO factor may be a target  
for the treatment of OA. Estrogen deprivation is 
a risk factor for OA. Estrogen suppresses the 
expression of NGF mRNA in rat cartilage via ER, 
hence reducing the production of NGF mRNA. 
Renin, ACE, Ang II, AT1R, and AT2RR are key 
components of the Ras signaling system, which 
are implicated in OA-related inflammation and 
chondrocyte hypertrophy. NF-B, JNK, VEGFR/
Tie-2, and AXNA2/AXNA2R axis signaling path-
ways are engaged in the Ras signaling pathway 
and may be targets for the therapy of osteoar-
thritis (OA) [31]. Tang et al. [32] demonstrated 
that Icariin decreased the death rate of OA 
chondrocytes and increased autophagy-related 
genes, therefore inhibiting the PI3K/Akt/mTOR 
signaling pathway. With the activation of auto- 
phagy and the suppression of the PI3K signal-
ing pathway in cartilage tissue [33], Icariin con-
siderably ameliorated the severe degenerative 
condition of OA cartilage tissue. It is possible 
that icariin inhibits chondrocyte autophagy by 
changing PI3K/Akt/mTOR signaling pathways, 
which could lower the incidence of osteoar- 
thritis.

Using a network pharmacology method, we 
demonstrated that Icariin treats osteoarthritis 
by targeting multiple components, multiple tar-
gets, and multiple pathways (OA). Icariin’s com-
pound-target-pathway-disease network along 
with its protein interaction network were then 
created for the treatment of osteoarthritis. 
Icariin exerts its effects primarily via relevant 
targets and pathways, such as apoptosis, cell 
differentiation, cell proliferation, and the inflam-
matory response, as delineated by the results. 
In addition to identifying many possible thera-
peutic targets for osteoarthritis, this study may 

also aid in the development of novel treatments 
for the disease. The validation of relevant sig-
naling pathways through animal experiments is 
the direction of future research by the group 
team, and more in-depth animal and cellular 
experiments will be conducted to validate the 
mechanism of action of Icariin for the treat-
ment of OA and provide a more solid theoretical 
basis for the rational design of clinical trials.
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