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Abstract: Objective To explore the effects of Cimicifuga triterpene saponins on osteoclast (OC) formation, differentiation and bone

resorption, and explore the mechanism based on network pharmacology. Methods The effects of C. triterpene saponins actein,
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cimigenoside and cimigenol on proliferation of bone marrow macrophages (BMMs) were determined by CCK-8 assay; The number of
OC was measured by tartrateresistant acid phosphatase (TRAP) staining; The TRAP activity of OC was determined by phenylene
disodium phosphate method; The formation of F-actin ring of OC was observed by phalloidin staining; The formation of bone
resorption lacunae of OC in bovine cortical bone slices was detected by toluidine blue staining; The expressions of OC marker gene
and protein were detected by Western blotting. The targets involved into the regulation of osteoclast function were obtained through
GeneCards and DisGeNET database, and the core targets of C. triterpene saponins in regulation of osteoclast function were screened
by Cytoscape 3.7.1 software and protein-protein interaction. DAVID 6.8 was used to perform gene ontology (GO) function and Kyoto
encyclopedia of genes and genomes (KEGG) pathway enrichment analysis of core targets. Results C. triterpene saponins had no
significant effect on the proliferation of BMMs. C. triterpene saponins actein, cimigenoside and cimigenol reduced the number of OC,
inhibited the activity of TRAP and the formation of F-actin ring of OC, and significantly decreased the expressions of nuclear factor
of activated T cells 1 (NFATc1), oncogene Fos (c-Fos), matrix metalloproteinase 9 (MMP9) and cathepsin K (CTSK) (P <0.05, 0.01),
and decreased the area of bone absorption lacunae on bone slices of OC (P < 0.01). Network pharmacology analysis showed that C.
triterpene saponins regulated the bone resorption function of OC mainly through mitogen-activated protein kinase (MAPK) pathway.
Conclusion C. triterpene saponins inhibited formation, differentiation and bone resorption activities of OC derived from BMMs
through MAPK pathway, which provides lead compounds for the development of new anti-osteoporotic drugs.
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Fig. 1 Chemical structures of C. triterpene saponins actein, cimigenoside and cimigenol
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Fig. 2 Effects of C. triterpene saponins actein, cimigenoside and cimigenol on viability of BMMs (X £ s, n = 6)
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Fig. 3 Effects of C. triterpene saponins actein (A), cimigenoside (B) and cimigenol (C) on formation and differentiation and
activities of TRAP in osteoclasts derived from BMMs (X £ s, n =6)
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Fig. 4 Effects of C. triterpene saponins actein, cimigenoside and cimigenol on formation of F-actin ring in osteoclasts
derived from BMMs (x 100)
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Fig. 5 Effects of C. triterpene saponins actein, cimigenoside and cimigenol on bone resorption function in osteoclasts derived
from BMMs (X £ s,n=3)
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Fig. 6 Effects of C. triterpene saponins actein (A), cimigenoside (B) and cimigenol (C) on expressions of bone resorption-
associated proteins in osteoclasts derived from BMMs (X £ s, n =3)
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Fig. 9 Regulatory effects of C. triterpene saponins actein on MAPK signaling pathway of osteoclast derived from BMMs
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