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Pharmacodynamic Substance Basis and Mechanisms of Shangkeling Spray on

Knee Osteoarthritis
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[ Abstract] Objective: To analyze the pharmacodynamic substance basis of Shangkeling Spray and its potential
mechanisms in intervening knee osteoarthritis (KOA) using ultra-performance liquid chromatography-tandem mass spectrometry
(UPLC-MS), network pharmacology, and molecular docking technology. Methods: UPLC-MS was used to identify the chemical
components of Shangkeling Spray. Pharmacokinetic properties were employed to screen potential active ingredients. Network
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pharmacology methods were utilized to collect potential targets of these ingredients and the pathological gene set of KOA. An
"active ingredient-disease" target network was constructed using databases such as STRING. Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) functional enrichment analyses were performed using clusterProfiler. Libraries
including NumPy were employed to calculate shortest path lengths to identify dominant pharmacodynamic links. Core gene clusters
were identified using MCODE, validated through the Gene Expression Omnibus (GEO) database, and molecular docking was
performed between key active ingredients and core targets. Results: A total of 322 and 314 chemical components were identified
under positive and negative ion modes, respectively, with 410 components in total after de-duplication, mainly including
flavonoids, coumarins, terpenoids, organic acids, and alkaloids. Analysis of the "active ingredient-disease" network identified
"development and regeneration", "cell growth and death", "immune system", and "nervous system" as the dominant
pharmacodynamic links of Shangkeling Spray in the treatment of KOA. Molecular docking showed that key active ingredients, such
as bletillin A, formononetin, morin, oxymatrine, aconitine, gallic acid, curdione, apigenin, naringenin, and oleanolic acid,
tightly bound to functional domains of 10 key targets including Jun proteins (JUN) , interleukin-6 (IL-6) , protein kinase B1
(Aktl) , Caspase-3, nuclear transcription factor- kB subunit p65 (RELA) , nuclear factor-kappaB1 (NF-«B1) , Cyclin D,,
mammalian target of rapamycin(mTOR ), tumor necrosis factor (TNF), and Fos proto-oncogene protein (FOS). These interactions
synergistically regulated the phosphatidylinositol 3-kinase (PI3K)/Akt/mTOR-related signaling axis and nervous system-related
pathways, mediating cartilage repair, reducing inflammation and pain, and improving KOA. Conclusion: This study preliminarily
clarifies the pharmacodynamic substance basis of Shangkeling Spray and suggests that its main active ingredients may improve

KOA by synergistically regulating the PI3K/Akt/mTOR-related pathways, providing a reference for subsequent exploration of its

substance benchmark and mechanism of action.
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Table 1 Component identification results of Jianxuefei, Tiekuazi and Zhuadihu in Shangkeling spray
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Table 2 Potential active components of Jianxuefei, Tiekuazi and Zhuadihu in Shangkeling Spray
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Table 3 Information of "traditional Chinese medicine-
components-targets' of Shangkeling spray i
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Fig.2 Pharmacodynamic analysis of Shangkelin spray in treatment of knee osteoarthritis
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