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Abstract
Background: Traditional Chinese medicine (TCM) is increasingly widely used as a complementary approach for the treatment 
of osteoarthritis. In this paper, the network pharmacology analysis and data mining technology were used to explore the hidden 
medication rules behind the use of Traditional Chinese medicine and the modern pharmacological analysis of the compound, 
so as to explore the intervention and improvement effect of Fengshi Gutong capsule on the immune inflammatory indicators of 
osteoarthritis and its possible targets. Methods: The clinical diagnosis and treatment data of OA inpatients in the First Affiliated 
Hospital of Anhui University of Traditional Chinese Medicine from December 2010 to January 2022 were collated and divided 
into control group and experimental group. The control group included 3200 cases taking Traditional Chinese medicine, and the 
experimental group included 431 cases taking Fengshi Gutong capsule on the basis of traditional Chinese medicine. Data mining 
was used to summarize the prescription medication rules, association rules, systematic cluster analysis and random walk in the 
treatment of osteoarthritis in the First Affiliated Hospital of Anhui Traditional Chinese Medicine. After that, the pharmacologic 
analysis of Fengshi Gutong capsule was carried out by using network pharmacology analysis method, and its composition, target 
and action pathway were clarified. Results: (1) a total of 3436 prescriptions of Chinese medicine for osteoarthritis patients were 
counted, and the top 20 prescriptions with high frequency were screened out, which were mainly drugs for invigorating water 
and reducing swelling, drugs for promoting blood circulation and removing stasis, drugs for regulating qi and strengthening 
spleen, drugs for clearing heat, detoxifying and removing dampness; Cluster analysis showed that when the Euclidean distance 
was 14, drugs could be divided into three categories. (2) Compared with before treatment, the decrease of C3, C4, hs-CRP, IgA, 
IgG and ESR in the control group was statistically significant, while the decrease of C3, C4, hs-CRP, IgA, IgM and ESR in the 
experimental group was statistically significant. After treatment, C3, C4, hs-CRP, IgG, IgM and ESR were significantly decreased 
in the experimental group compared with the control group. Association rule analysis showed that Fengshi Gutong capsule was 
strongly correlated with the improvement of various immune indexes. IgA, IgG, IgM, C3, C4 and hs-CRP in the experimental 
group were significantly improved compared with the control group by random walking model. (3) Pharmacological analysis 
of component network of Fengshi Gutong Capsule showed that there were 109 active components in Fengshi Gutong capsule, 
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corresponding to 270 targets; Drugs acted on 145 intersection targets of diseases. In addition, age-rage, MAPK, HIF-1 and 
other pathways affect the inflammatory response of osteoarthritis. (4) Molecular docking results showed that the binding energy 
of kaherol to CRP receptor was −8.70 kcal /mol, and that of quercetin to AKT1 receptor was −8.10 kcal /mol. Conclusion: 
Fengshi Gutong Capsule can effectively improve the immune inflammatory response of osteoarthritis, which may be due to the 
combination of kahenol and quercetin with CRP and AKT1 receptor, respectively. Through multi-component, multi-target and 
multi-pathway treatment of osteoarthritis, it also provides a theoretical basis for further experimental verification and clinical 
application.
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Background
Osteoarthritis (OA) is a disease that mainly damages 

articular cartilage and affects the entire joint tissue. Eventually, 
degeneration of articular cartilage, fibrosis, fracture, ulceration 
and damage to the entire articular surface occur, mainly manifested 
as joint pain, stiffness, hypertrophy and limited movement. This 
disease tends to occur in the elderly, and its prevalence is related 
to age, gender, ethnicity and geographical environment [1]. The 
prevalence of osteoarthritis is increasing year by year in China, 
especially in southwest China [2]. Currently, non-steroidal anti-
inflammatory drugs (NSAIDs) are the preferred treatment for OA 
[3-5]. However, TCM has unique advantages in improving OA 
symptoms and long-term efficacy.

In the diagnosis and treatment of traditional Chinese 
medicine, the treatment and prevention of osteoarthritis is different 
from the blocking of a single immune process in western medicine. 
For example, NSAIDs play anti-inflammatory and analgesic 
properties by inhibiting the biosynthesis of inflammatory mediators 
prostaglandin, TCM improves the immune system through a holistic 
view. It can improve patients’ self-perception and life quality [6]. 
The Department of Rheumatology of the First Affiliated Hospital 
of Anhui University of Traditional Chinese Medicine is a national 
key discipline of Traditional Chinese Medicine and a national 
key clinical specialty. Based on huangdi Neijing and guided by 
xin ‘an Medicine’s experience in treating BI, the pathogenesis of 
this disease is kidney deficiency and blood stasis, of which kidney 
deficiency is the basic pathogenesis and blood stasis is the key 
pathogenesis [7-9]. Fengshi Gutong Capsule(FSGTC) has the 
functions of warming the meridian and dispersing cold, eliminating 
swelling and relieving pain, strengthening muscles and activating 
collaterals, etc. It is composed of 7 kinds of Traditional Chinese 
medicine, such as Chuan Wu, Cao Wu, Hong Hua, Gan Cao, Mu 
Gua, Wu Mei, Ma Huang. Although studies have shown thatthat 
FSGTC reduced the production of inflammatory mediators 
via restraining the activation of mitogen-activated protein 
kinases (MAPK), nuclear factor kappa B (NF-κB), 
activator protein-1 (AP-1), and Akt [10].However, few 
researchers sorted out and reported the clinical efficacy of 

FSGTC after it was put into use. Association rule mining 
was first proposed by Agrawal [11]. And is used to deal 
with transactional data set. Network pharmacology is used 
to systematically analyze the pharmacological effects 
of traditional Chinese medicines and their compounds at 
the molecular level [12, 13]. The interaction mechanism 
between the natural products and targets can then be verified 
through molecular docking. This study applied data mining 
technology in the first affiliated hospital of anhui medical 
university department of rheumatology studies data mining 
on the experience for the treatment of OA, pharmacology 
and application of modern network technology analysis, 
from the molecular level to further explain the modern 
pharmacological mechanism of FSGTC in the treatment of 
OA, for clinical treatment of OA disease FSGTC to provide 
clinical reference value.

Materials and Methods
Study object

Medical records of OA patients from June 2010 to January 
2021 were collected by the information System (HIS) of the First 
Affiliated Hospital of Anhui University of Traditional Chinese 
Medicine. The study plan was approved by the Ethics Committee 
of the First Affiliated Hospital of Anhui University of Traditional 
Chinese Medicine (medical records of 3631 patients were obtained 
and adopted). Inclusion criteria: the diagnosis of osteoarthritis was 
based on OA diagnostic criteria recommended by the American 
college of rheumatology (ARA) [9,10]: hs-crp 0 ~ 10mg/dl; C3 0.8 
~ 1.6g/L; C4 0.13 ~ 0.37g/L; IgA 0.71 ~ 3.35g/L; IgG 7.6-16.6 g/L; 
IgM 0.48 ~ 2.12 g/L; The ESR 2 ~ 12 mm/h. Exclusion criteria: 
① Those who do not meet inclusion criteria; ② Patients with 
incomplete information; ③ Juvenile patients; ④ Complicated 
with serious organic diseases of heart, brain, lung, liver, kidney 
and hematopoietic system; ⑤ Advanced patients, joint severe 
deformity, complete loss of joint function; (6) Patients without 
relevant laboratory examination indexes and oral Chinese medicine 
during hospitalization were excluded. ⑦ Mental patients.

Study group

A total of 3631 cases were divided into control group and 
experimental group according to the treatment method, with 
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3200 cases in control group and 431 cases in experimental group. 
The control group only received traditional Chinese medicine 
decoction; The experimental group took FSGTC orally on the 
basis of conventional medication (2 capsules each time, twice a 
day). All the above treatment regimens were 2 weeks as a course 
of treatment (note: In principle, traditional Chinese medicine 
decoction was used in the single drug group and the combined 
drug group, and non-steroidal anti-inflammatory drugs were used 
temporarily when necessary)

Data obtained

The data mining system independently developed by the 
information Center of Anhui Hospital of Traditional Chinese 
Medicine obtains the electronic medical record information of 
effective OA inpatients from the SQL Server database

Complex network technology

Complex network is a highly abstract complex system with a 
large amount of real data, which describes the relationship between 
individuals and the collective behavior of the system. Twenty 
frequently used herbs were extracted from the first Affiliated 
Hospital of Anhui University of Chinese Medicine for OA patients

Statistical method

The levels of inflammatory indexes before and after 
treatment included complement C3, complement C4, erythrocyte 
sedimentation rate (ESR) and hypersensitive C-reactive protein 
(HS-CRP). The levels of immune indexes included immunoglobulin 
A (IgA), immunoglobulin G (IgG) and immunoglobulin M (IgM), 
and the differences between the two groups before and after 
treatment were analyzed. The Apriori algorithm in IBM SPSS 
Modeler 18.0 was used to analyze the association rules of core 
drugs and construct the drug association network graph using Web 
nodes [14]. Spss23.0 software was used for cluster analysis of 
core drugs. The ORACLE10g tool was used to evaluate a random 
walking model of immune inflammatory indicators

Network pharmacology and molecular docking

The pharmacologic analysis platform of TCM system, 
namely TCMSP database, was searched for the TCM components 

of Fengshigutong capsule. According to ADME (absorption, 
distribution, metabolism and excretion), oral bioavailability (OB) 
and drug similarity (DL), the effective active ingredients were 
screened and protein targets were obtained, which were corrected 
by Uniprot. OA related target genes were obtained by GeneCards, 
Drugbank, OMIM and TTD, and duplicated target genes were 
removed. The intersection target of drug target gene and disease 
target gene was selected, and the active component-potential 
target-disease network diagram of FSGTC was constructed by 
Using Cytoscape 3.7.2 software. The intersection gene sets of the 
two groups were input into String online database to construct 
protein-protein interaction network (PPI), and the core proteins 
were screened by Cytoscape3.7.2 software. Then Metascape 
online software was used to enrich the GO and KEGG signal 
pathways of FSGTC as the core target of OA treatment. Finally, 
autodockTools-1.5.7 and PyMOL were used for molecular docking.

Results
Comparison of general data between 2 groups

A total of 3631 OA patients were accepted, including 3200 
in the control group and 431 in the experimental group. The ratio 
of female to male in combination group was 3.57:1; The mean 
age was 59 (51,69) years, and the mean length of hospital stay 
was 1 (1,1) d. The ratio of male to female was 3.26:1 in the drug 
group. The mean age was 56 (47,68) years, and the mean length of 
hospital stay was 1 (1,1) d. There were no significant differences 
in gender, age and length of hospitalization between 2 groups (P 
> 0.05).

Statistics on the use of Traditional Chinese medicine

The frequency of TCM used in 3,436 prescriptions of 3,631 
patients was ranked. A total of 402 TCM ingredients were counted 
in this study, among which top 20 TCM ingredients were Fu Ling, 
Hong Hua, Dan Shen and chuanxiong, etc., and their frequency, 
frequency, taste and circulation were also listed. According to the 
efficacy, they could be divided into the following 4 categories, as 
shown in Table 1 and Figure 1, the core prescription diagram is 
shown in Figure 2.
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Category Name Frequency Frequency 
(%) Sexual flavour Belong

Invigorating spleen and removing 
dampness

Fu Ling 2704 78.7 Gump, Light, Flat Heart, Spleen, Renal

Yi Yi ren 1875 54.6 Gump, Light, Cool Spleen, Stomach, Lung

Chen Pi 2381 69.3 Simba, Bitter, Warm Spleen, Lung

Shan Yao 2155 62.7 Gump, Flat Spleen, Lung, Renal

Jiang Ban xia 1309 38.1 Simba, Warm Lung, Spleen, Stomach

promoting blood circulation and 
removing blood stasis

Dan Shen 2394 69.7 Bitter, Small, Cold Heart, Pericardium, Liver

Hong Hua 2619 72.2 Simba, Warm Heart, Liver

Tao Ren 2126 61.9 Bitter, Gump, Flat Heart, Liver, Large intestine

Ji Xue teng 2048 59.6 Bitter, Gump, Warm Liver, Renal

Chuan Xiong 1795 52.2 Simba, Warm Liver, Bravery, Pericardium

Dang Gui 1323 38.5 Gump, Simba, Warm Heart, Liver, Spleen

Gui Zhi 1169 34.0 Simba, Gump, Warm Heart, Lung, Bladder

Clear heat and clear collaterals, 
relieve pain, strengthen waist and 

knee

Du Zhong 2117 61.6 Gump, Bitter, Warm Spleen, Renal

Chuan Niu xi 1341 39.0 Bitter, Gump, Acid, 
Flat Liver, Renal

Wei Ling Xian 2105 61.3 Simba, Salty, Warm Bladder

Xu Chang qing 1230 35.8 Simba, Warm Liver, Stomach

Du Huo 1753 51.0 Simba, Bitter, 
lukewarm Renal, Bladder

Tou Gu cao 1365 39.7 Gump, Light, Slightly 
acidic, Slightly cold Heart, Liver, Bravery

Pu Gong ying 1241 36.1 Bitter, Cold, Gump Liver, Stomach

Shen Jin cao 1181 34.4 Simba, Bitter, Warm Liver, Spleen, Renal

Chinese patent medicine FSGTC 430 11.8 - -

 Table 1: Comparison of the frequency of TCM prescriptions and the symptoms of taste
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Figure 1: Radar map of TCM with different functions.

Figure 2: 3631 patients’ core prescriptions of TCM use
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Cluster analysis of Traditional Chinese medicine

Combined with the above table of TCM usage frequency, the SPSS Statistics 23.0 software was used for systematic clustering 
analysis of the top 20 Chinese medicines using average connection (between groups) to generate a tree cluster graph. Combined with 
the traditional Chinese medicine theory analysis, when the class spacing on the cluster analysis pedigree was 14, drugs could be divided 
into 3 categories. See Figure 3 and Table 2 for details. 

Figure 3: Clustering analysis of Traditional Chinese medicine and Proprietary Chinese medicine

cluster No. of 
members Herbs Main efficacy

C1 6 Hong Hua, Tao Ren, Dan Shen, Fu Ling, Chen Pi, 
Shan Yao

Invigorate blood and remove stasis, invigorate spleen and 
remove dampness

C2 2 Pu Gong ying, FSGTC Clear heat and detoxify, warm meridians and collaterals

C3 5 TTou Gu cao, Xu Chang qin, Shen Jin cao、Gui 
Zhi、Du Huo

Dispel wind and dehumidify, dredge collaterals and relieve 
pain

Table 2: Comparison of cluster analysis results

Comparison of C3, C4, Hs-CRP, IgA, IgG and ESR indexes in OA patients before and after treatment

The levels of C3, C4, hs-CRP, IgA, IgG and ESR in 3631 OA patients were all lower than before treatment. Compared with before 
treatment, the levels of C3, C4, hs-CRP, IgA, IgG and ESR in control group were statistically different. The decrease of C3, C4, hs-CRP, 
IgA, IgM and ESR in the experimental group was statistically significant, and the decrease of C3, C4, hs-CRP, IgG, IgM and ESR in the 
experimental group was significantly higher than that in the control group (P< 0.05 or P< 0.01). See table 3.
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Parameter
Control group (n=3200 ) Experimental group (n=431)

Before the 
treatment After treatment Difference Before the 

treatment
After 

treatment Difference

C3 (g·L-1) 78.11±50.57 77.47±50.24 0.64±11.10* 112.00±22.24 109.96±21.12 2.04±8.86*#

C4 (g·L-1) 19.02±13.44 18.55±13.06 0.47±3.40* 25.26±9.11 24.41±8.64 0.85±3.61*#

hs-CRP (mg·L-1) 5.99±19.11 3.27±10.72 2.72±16.76* 19.43±30.17 8.75±15.45 10.68±26.04*#

IgA (g·L-1) 2.09±0.97 2.07±0.96 0.02±0.20* 2.39±1.08 2.36±1.03 0.03±0.18*

IgG (g·L-1) 11.40±2.69 11.33±2.65 0.07±0.75* 12.68±3.56 12.55±3.84 0.12±1.90#

IgM (g·L-1) 1.09±0.54 1.10±0.53 0.00±0.13 1.23±0.59 1.21±0.57 0.02±0.19*#

ESR (mm·h-1) 17.04±16.42 16.03±13.96 1.02±9.90* 35.61±33.01 27.20±22.81 8.41±22.08*#

Table 3: 2 Comparison of laboratory indicators of OA patients before and after treatment and their differences x̄±s

Association analysis of drug and laboratory indexes in OA patients

SPSS Modeler 18.0 software was used to analyze association rules of frequently used drugs, and Apriori modeling was used to 
further mine compatibility relationships between drugs. Support degree was set to 60%, confidence degree to 80%, and the maximum 
number of preceding items was adjusted to 2 to analyze and mine potential drug combinations. Results Pu Gong ying and FSGTC had a 
strong correlation in improving OA immune inflammatory response, and the degree of improvement was greater than 1, indicating that 
FSGTC or drug combination had statistical significance (P <0.05 or P <0.01). Research analysis shows that FSGTC frequently appears 
in the treatment of OA, so it is the core drug of association rule network. See Table 4 and Figure 4.

Before item After item Support % Confidence % Lift

Pu Gong ying&FSGTC C3 ↓ 61.54 86.21 1.01

Pu Gong ying&FSGTC C4 ↓ 61.54 82.76 1.00

Pu Gong ying&FSGTC IgA ↓ 61.54 83.48 1.00

FSGTC IgM ↓ 88.15 86.75 1.00

FSGTC C3↓ 88.15 86.75 1.00

FSGTC IgA ↓ 88.15 83.18 1.00

FSGTC IgG ↓ 88.15 83.28 1.00

FSGTC C4 ↓ 88.15 82.09 1.00

Table 4: Correlation analysis of laboratory indicators between Chinese patent medicine and OA patients
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Figure 4: Network diagram of TCM and FSGTC.

Evaluation of inflammatory indicators by random walking model in 2 groups

A random walking model was established based on the statistically significant differences in laboratory indicators (C3, C4, Hs-
CRP, IgG, IgM and ESR) between the 2 groups. The random walking model showed that there was a long range association between the 
comprehensive assessment of C3, C4, hs-CRP, IgG and IgM and the intervention received in the 2 groups. See Figure 5 (A-E)
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A B C

D E

Note: Figure 5: A: Long-term relationship of IgG intervention in the two group ; B: Long-term relationship of C4 intervention in the 
two group; C: Long-term relationship of IgM intervention in the two group; D: Long-term relationship of C3 intervention in the two 
group; E: Long-term relationship of hs-CRP intervention in the two group. Attension: blue: control group; green: experimental group

Network pharmacologic analysis

According to the data mining results, FSGTC has a high frequency of use, and has a strong correlation with traditional Chinese 
medicine in improving osteoarthritis. In order to further study the specific mechanism of action of FSGTC in treating osteoarthritis, 
the network pharmacology method is now used for in-depth analysis. The pharmacologic analysis platform of TCM system, namely 
TCMSP database, was searched for FSGTC. The main TCM ingredients of FSGTC, Radix Aconitum, Radix chuanwu, Safflower, 
Ephedra, papaya, mume and glycyrrhiza were retrieved. According to the parameters of ADME (absorption, distribution, metabolism 
and excretion), the screening threshold of oral bioavailability (OB) was set as ≥ 30%. Drug similarity (DL) was set to ≥0.18 [12] to 
screen active ingredients, and protein targets were obtained through TCMSP and corrected by Uniprot. OA related ta0rget genes were 
obtained by GeneCards, Drugbank, OMIM and TTD, and duplicated target genes were removed. Intersection targets of drug target genes 
and disease target genes were selected, as shown in Figure 6. Cytoscape 3.7.2 Constructed FSGTC active component-potential target-
disease network diagram, as shown in Figure 7.
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Figure 6: Vene figure.

Figure 7: FSGTC active component-potential target-disease network diagram.

PPI network topology analysis and core target screening

The intersection gene sets of the two groups are input into the String online database to construct a protein-protein interaction 
network (PPI), as shown in figure 8. Between degrees and centiscape2.2 in Cytoscape3.7.2, centiscape2.2 is used to measure the degree 
and the intermediate centrality. BC) and close centrality (CC) calculation and analysis, and then screen out the targets which are greater 
than the median, and finally get the core targets of drugs acting on diseases, CRP, CXCL8, FGFR, MAPK1, SERPINE1, MAPK14, 
PPARA, MYC, IL-2, 40 core targets such as NFE2L2, IL-1β, HIF1A, EGF, ADIPOQ, ESR1, IL-10, JUN, IL-6 and MMP9 interact with 
each other to form the core target network of drug therapy, see Figure 9.
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Figure 8: PPI protein interaction

Figure 9: Core target network diagram.
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GO enrichment analysis and KEGG pathway analysis

The 40 core targets to be obtained need further gene annotation and pathway analysis to determine the energy they represent. 
Metascape online software [15] was used to carry out the biological process (BP) of Gene Ontology (GO) and cellular Components for 
the core target of FSGTC in the treatment of OA. CC), molecular functions (MF) and KEGG signal pathways were enriched to age-rage, 
MAPK, HIF-1 and other signal pathways, and corresponding graphs were drawn, as shown in Figure 10 and Figure 11.

Figure 10: GO enrichment analysis: Green is the color of Goterm-BP; Orange is the color of GOTERM-CC; Purple is the color of 
GOTERM-MF
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Figure 11: KEGG pathway analysis

Molecular docking

The two-dimensional structure diagram of the effective components of FSGTC was downloaded from TCMSP database. 
Autodocktools-1.5.7 software was used to output the compound structure and 40 core target proteins (AKT1, CRP, etc.) in PPI into 
PDBQ format and form active pockets. Finally, the Pdbq ligand obtained by entering CMD command and the Pdbq core protein obtained 
by AutoDockTools-1.5.7 were imported into Pymol for docking. The higher the binding activity between the compound and the target 
protein receptor, the lower the binding energy. The results showed that the binding energy of kaempferol to CRP receptor was −8.70 kcal 
/mol, and that of quercetin to AKT1 receptor was −8.10 kcal /mol , See figure 12 and figure 13. Matrix heat map, See figure 14.

Figure 12: kaempferol-CRP.
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Figure 13: quercetin-AKT1

Figure 14: Matrix heat map, Binding energy of the main components of FSGT and some core target proteins
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Discussion
OA is a degenerative disease characterized by articular 

cartilage injury, progressive disappearance and bone hyperplasia. It 
is prone to recurrent attacks and difficult to recover from lingering. 
It often occurs in middle-aged and elderly people. In Traditional 
Chinese medicine, this disease is classified as “bi syndrome”, 
and it is regarded as the deficiency based on kidney deficiency, 
blood stasis as the standard, and the disease is located in the joint. 
Pathological basis is deficiency of liver and kidney, deficiency of 
qi and blood, combined with trauma caused by blood stasis, qi and 
blood movement disorders. Studies have found that [16], through 
the methods of tonifying liver and kidney, strengthening tendons 
and bones, activating blood circulation and removing blood stasis, 
the symptoms of patients with kidney deficiency and blood stasis 
can be significantly reduced. Therefore, the treatment should focus 
on tonifying kidney, promoting blood circulation and removing 
stasis, liver and kidney deficiency involves spleen deficiency, and 
spleen deficiency affects liver and kidney conversely. The basic 
theory is “kidney is the origin of congenital, spleen is the origin 
of acquired”, which is mutually beneficial and mutually beneficial 
successively. Therefore, the lesions of OA viscera are dominated by 
spleen and kidney, and the treatment mainly focuses on tonifying 
spleen, promoting blood circulation and removing stasis.

In this study, 3,631 available cases were collected, and 
the intervention effect of FSGTC on OA patients with abnormal 
inflammatory indicators was further explored through indicators 
and medication before and after treatment. According to treatment 
methods, FSGTC was divided into control group and experimental 
group. The control group was a group of patients who only took 
Traditional Chinese medicine in principle, a total of 3200 cases. The 
experimental group was a total of 431 patients who took Chinese 
medicine plus FSGTC at the same time. The law of prescription 
medication was analyzed, and the etiology and pathogenesis of the 
disease were also detected through the four qi and five flavors, 
meridian return and efficacy of Chinese medicine. The first part 
of this paper is mainly through the network database combined 
with modern computer technology to summarize and analyze the 
prescriptions for treating OA in ancient medical books. It was 
found that the understanding of the etiology and pathogenesis 
of OA was similar to that of ancient doctors, who believed that 
osteoarthritis was caused by deficiency of qi and blood, deficiency 
of liver and kidney, wind chill and dampness, etc, which invaded 
the bone and caused disease, should be treated according to 
syndrome differentiation, the key lies in the warm meridians, cold 
dehumidification, blood circulation, collaterals and pain relief. 
Compound compatibility is one of the characteristics in the use 
of Traditional Chinese medicine. Its purpose is to optimize the 
combination prescription to achieve synergistic effect or toxicity 
reduction. Its efficacy and safety are closely related to the drugs 
used in the prescription and their dosage, processing and usage.

Based on laboratory indicators, combined with information 
network technology and statistical methods, this study effectively 
compared inflammatory indicators of OA patients treated with 
FSGTC on the basis of conventional medication, and analyzed 
drugs with high frequency by association rule method. The results 
showed that FSGTC, Pu Gong Ying and FSGTC were strongly 
correlated in improving OA immune inflammatory response, 
confirming the reliability of their data. Cluster analysis is an 
exploratory classification method to study traditional Chinese 
medicine in an objective and scientific way. The author made a 
systematic clustering analysis of the traditional Chinese medicine 
with high frequency of use, and the clustering was divided into 3 
categories. (1) Hong Hua, Tao Ren, Dan Shen, Fu Ling, Chen Pi, 
Shan Yao; (2) Pu Gong ying, FSGTC; (3) Tou Gu cao, Xu Chang 
qin, Shen Jin cao、Gui Zhi、Du Huo. Among them, huoxue huayu, 
tonifying spleen gu Ben accounted for the majority, because OA is 
mainly liver and kidney deficiency, damage to the Governor, long 
bi into stasis, block the Governor, so huoxue huayu throughout, so 
the use of spleen-strengthening, huoxue huayu drugs. The second 
is to clear heat and detoxify, warm meridians and collaterals, stasis 
long heat and heat with heat clearing medicine in addition to bi. In 
addition, wind-dampening drugs also play an important role in the 
auxiliary treatment of OA. “Wind is the long of all diseases”, and 
the invasion of cold-dampness and external pathogens in OA stroke 
are mostly related to wind-dampness, so relieving the surface and 
dispersing cold, dispelling wind and dehumidifying. The random 
fluctuating power law values of C3, C4, hs-CRP, IgG and IgM in the 
2 groups suggested that the changes of inflammatory indexes C3, 
C4, hs-CRP, IgG and IgM in the patients were associated with the 
intervention measures of FSGTC. That is to say, patients receiving 
different treatment measures also have different effects on the 
changes of patients’ inflammatory indicators. The experimental 
group was superior to the control group in the maximum value 
of random fluctuation, number of random walking steps, positive 
growth rate of walking, power value of random fluctuation and 
improvement or improvement coefficient. It reflects that FSGTC 
is superior to conventional treatment in reducing inflammatory 
response and regulating immunity.

At present, life science research is transforming from 
experimental analysis combined with data accumulation to 
data analysis to guide experimental verification [17]. Network 
pharmacology and bioinformatics analysis can be based on 
massive experimental data and clinical trial results, contributing 
to exploring the potential mechanism of TCM treatment and 
prevention of diseases, especially for the research on the complex 
chemical components of Chinese herbal medicine and the multi-
target and multi-mechanism of diseases [18]. In this study, 
the key of FSGTC lies in warming meridian, dispersing cold, 
dehumidifying, activating blood circulation and relieving pain. 
The medicine is composed of radix aconiti, radix aconiti, plum, 
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ephedra, safflower, papaya and licorice. Drug components 
play an important role in the treatment of OA. But the 
specific treatment mechanism has not been thoroughly 
studied. Therefore, based on bioinformatics analysis and 
mining, this study explored the potential active ingredients, 
molecular targets and mechanism of action of FSGTC in the 
treatment of OA cartilage degeneration, and further verified 
the binding ability of active ingredients and molecular 
targets in FSGTC by molecular docking technology. This 
study fully verified the molecular basis of FSGTC in the 
treatment of OA, and provided a theoretical basis for 
clinical treatment of OA. Bioinformatics analysis showed 
that the potential mechanism of FSGTC in the treatment 
of OA cartilage degeneration was characterized by “multi-
component, multi-target and multi-pathway”.

In order to investigate the mechanism of FSGTC, 
the main components of FSGTC were searched through 
TCMSP database, and the active components were 
screened. According to the active ingredients, protein 
targets were obtained from TCMSP. After Uniprot 
correction, OA related target genes were obtained from 
GeneCards, Drugbank, OMIM and TTD respectively, and 
duplicate target genes were removed. The intersection 
targets of drug target genes and disease target genes were 
selected, and the active components-potential target-
disease network diagram of FSGTC was constructed by 
Cytoscape 3.7.2 software. In order to further elaborate 
the relationship between FSGTC target genes and disease 
target genes, the network analysis of the targets acted by 
the components and disease target was conducted, and 
40 core targets were screened. Mainly including CXCL8, 
IL-6, TNF and so on. Some studies have shown that IL-6 
can stimulate the aggregation of inflammatory cells and 
accelerate the synthesis of inflammatory mediators [19]. 
TNF has a variety of biological activities. As an important 
inflammatory factor, it can induce IL-6 expression, 
stimulate inflammatory cascade, catalyze and amplify 
inflammatory response. CXCL8 is a pro-inflammatory 
factor that accelerates the inflammatory expression of 
articular chondrocytes in limbs and accelerates OA process. 
In summary, CXCL8, IL-6 and TNF may be the key targets 
of FSGTC in the treatment of OA. At the same time, these 
key targets are basically enriched in age-rage, MAPK, 
HIF-1 and Wnt signaling pathway, and are mainly involved 
in inflammatory response. HIF-1 signaling pathway is an 
important pathway for the osteogenesis coupling reaction 
of ⁃ angiogenesis. It regulates the expression of multiple 
bone and angiogenesis genes in vivo, promotes blood 
vessel formation and promotes bone regeneration [20]. 
The molecular docking results showed that the binding 

energy of kaherol to CRP receptor was −8.70 kcal /mol, 
and that of quercetin to AKT1 receptor was −8.10 kcal /
mol. Therefore, through network pharmacological analysis, 
it can be seen that the active components of FSGTC, such 
as manergol and quercetin, may act on age-rage, MAPK, 
HIF-1 and Wnt signaling pathway through CRP and AKT1 
targets, respectively, forming the characteristics of multi-
component, multi-target and multi-pathway therapy, thus 
playing a role in the treatment of OA.

FSGTC is a method for the treatment of this disease with 
satisfactory efficacy, and chuanwu and Caowu components have 
almost no corresponding targets, beta-carotene, beta-sitosterol are 
the main components of safflower, ,ent-Epicatechin is the main 
components of papaya, and catechin is the main components of 
ephedra.While quercetin and kaempferol are active components 
of Mahuang, Wumei, Honghua and Mugua. Studies have shown 
that active compounds such as quercetin and kaempferol can act 
on key targets such as TNF, PTGS2, MMP2, IL-6 and IL-1β, 
and regulate inflammation, immunity, autophagy and endocrine-
related signaling pathways, thus exerting their therapeutic effects 
on OA [21]. Hu et al. [22,23,26] found that quercetin can inhibit 
inflammation of chondrocytes in OA environment, provide 
chondrocytes with an environment to promote chondrogenesis and 
enhance cartilage repair. Quercetin has also been shown to inhibit 
the cascade activation of NF-κB pathway induced by IL-1β [24]. 
Our GO, KEGG and molecular docking studies also confirmed 
that quercetin may exert anti-inflammatory effects through NF-
κB signaling pathway [25], AMPK signaling pathway [27], age-
rage signaling pathway [30] and HIF-1 signaling pathway [31]. 
MAPK includes JNK, P38 and ERK signaling pathways, and 
is the central node of multiple signal transduction pathways. A 
large number of experiments have shown that it is a key upstream 
signal pathway involved in the production and regulation of 
inflammatory mediators in the pathogenesis of OA. Il-1β is a major 
pro-inflammatory cytokine involved in OA progression and can 
easily activate MAPK pathway [28,29]. The biological activity of 
AGEs is thought to be mediated by age-specific receptor (RAGE), 
whose activation is involved in key signaling pathways associated 
with activation of pro-inflammatory responses as well as various 
inflammatory genes. On the one hand, AGEs induces inflammation 
by activating NF-κB and MAPKs in various cell types, including 
chondrocytes [32]. Hypoxia inducible factor (HIF) is a key 
regulator of transcription factors and cell Hypoxia response. 
So far, three members of the human HIF-α family have been 
described :HIF-1α, HIF-2α, and HIF-3α[33]. Hif-1 is an important 
factor in maintaining chondrocyte homeostasis and allowing cell 
differentiation [33]. Hif-1 is a heterodimer consisting of two 
subunits hiF-1 α and HIF-1β. One study showed that HIF-1α plays 
an important role in the prevention of OA. Hif-1 α down-regulates 
MMP13 by inhibiting the transcriptional activity of βcatenin in 
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chondrocytes, thereby reducing the development of OA. Hif-1 α 
deficiency enhances chondrocatabolism [34,35]. Wnt/β-catenin 
signaling pathway is a key signaling pathway regulating the 
pathogenesis of arthritis in different tissues containing cartilage. 
Various types of arthritis usually have similar pathological 
features, such as cartilage matrix degeneration, subchondral bone 
changes and osteophyte formation, leading to joint stiffness and 
pain [36]. Wnt agonists can cause excessive bone remodeling and 
aggravate OA [37].

In summary, data mining technology and network 
pharmacology technology were applied to summarize 
and analyze the prescription medication rule of FSGTC 
in the treatment of OA, and further study and analyze its 
molecular mechanism of action in the treatment of OA, and 
intuitively verify the functional characteristics of FSGTC 
in the treatment of OA with multiple components, multiple 
targets and multiple pathways. It also reveals the uniqueness 
of TCM in treating diseases from the side. But also has 
many deficiencies in the study, the data also exists certain 
limitations, although preliminary forecast technology 
through the network pharmacology FSGTC mountain nai 
phenol effective components, quercetin may play a role 
of treatment respectively by means of CRP, AKT1 targets, 
but also need further validation of the follow-up, so as to 
provide reference value for clinical treatment. However, 
this study still has some limitations. First, the results of this 
study are lacking in cell and animal experiments. Another 
limitation is false negatives due to the target coming from 
a different database, which may have a bias effect due to 
different experimental conditions. We also know that public 
databases have limited information.
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