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Molecular Mechanism of Ursolic Acid in the Treatment of Osteoporosis Based on Network Pharmacology
and Molecular Docking

ZHAO Jun, SUN lialin, LIU Hongling, LIU Guangwei, LI Xiangpeng, CANG Huaiqin, LIANG Yu, ZHANG
Chuanzhou, HAN Bing, SUI Zhongguo (Dept. of Pharmacy, the Affiliated Hospital of Qingdao University,
Shandong Qingdao 266003, China)

ABSTRACT OBJECTIVE: To explore the potential molecular mechanism of ursolic acid in the treatment of osteoporosis (OP).
METHODS: TCMSP, PubMed database and UniProt database were used to screen potential targets of monomer compound ursolic
acid. OP related target genes were searched with GeneCards database. The common target genes of component-disease were
obtained by Venny 2.1 online mapping tool. The protein-protein interaction (PPI) network of component-disease common target
genes was constructed by using STRING database, and topological analysis was carried out; the core target genes, whose degree
value was greater than the average degree value, were screened. GO functional annotation and KEGG pathway enrichment analysis
of component-disease common target genes were carried out by DAVID database. AutoDock Vina 1.1.2 software was used for
molecular docking, using protein encoded by the core target gene as receptor and ursolic acid as ligand. RESULTS: A total of 55
ursolic acid related target genes and 4 273 OP related target genes were excavated, with a total of 44 common target genes. PPI
network with above common target genes included 44 nodes and 513 edges, with an average node degree of 23.3. There were 24
core target genes, including VEGFA, TP53, IL6, CASP3. There were 340 GO functional items were enriched (corrected P<<
0.05), including 263 biological processes (negative regulation of apoptosis, etc.), 25 molecular functions (protein binding, etc.)
and 52 cell components (cytosol, etc.). There were 90 KEGG signaling pathways (corrected P<<0.05), such as tumor pathway,
hepatitis B pathway, TNF signaling pathway, viral carcinogenesis and phosphatidylinositol 3 kinase/protein kinase B (PI3K-Akt)
signaling pathway. The binding energy between ursolic acid and 6 proteins encoded by core target genes such as 7P53 was lower
than — 5 kcal/mol, which had strong binding activity. CONCLUSIONS: The therapeutic effect of ursolic acid on OP may be
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achieved by regulating VEGFA, TP53, IL6, CASP3, JUN and
other core target genes and acting on multiple key pathways
such as cancer pathway, hepatitis B and TNF signaling
pathway.
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Tab 1 Topological analysis result of core target gene
of ursolic acid in treatment of OP(top 10)

BLHGIER FE{g AP Bt
VEGEA 38 79.95774 405
P53 38 97.059 37 405
IL6 36 85.290 57 395
CASP3 36 65.389 27 395
JUN 36 60.255 98 395
MMPY 35 5031775 39.0
STAT3 35 47.803 22 390
INF 35 3834847 390
MAPKS 35 40.741 08 39.0
PIGS2 33 38.681 16 38.0
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Tab2 KEGG enrichment analysis result of ursolic acid in treatment of OP (top 20 in corrected P value)

KEGG {7 51k SRR B P TERARR

LI (hepaticis B) % 2551 PRKCG, ATF2, CDKNIA, JUN, STAT3, FASLG, FOS, TNF, MMP9, RELA, CASP9, NFKBIA, CREB3, IL6, MAPKS, CASPS, CDK6, CCND!, CDK4,
CASP3,BCL2, BAX,BIRC5, TPS}

A B8 (pathways in cancer) 28 2045 CDKNIA, PTGER3, FASLG, PTGSL, FGF2, RELA, CASPY, MAPKS, CASPS, CCND1, CASP3, PRKCG, JUN, MMP1, MMP2, STAT3, FOS, MMP9,
VEGFA,NFKBIA,IL6,CDK6,CDK4,BCL, BAX, BIRCS, TP53,BCLOL]

TNF/ 5385 (TNF signaling pathway) 18 1851 ATF2,JUN,CSF2,MMP3,FOS,PTGS2,SELE, TNF MMP9,RELA ICAM1 NFKBIA, CREB3 ,IL6 ,MAPKS, CASP8,IL1B, CASP3

IR (cell apoptosis) 1l 1089 NFKBIA,CASP9,CASPS,CASP3,BCLY, BAX,FASLG, TNF, TPS3,RELA,BCLLI

TSR (vinal carcinogenesis) 15 999 ATF2,CDKN14,JUN, STAT3 ,RELA,NFKBIA ,CREB3, CASP8,CDK6,CCND2,CCND!, CDK4, CASP3  BAX, TP53

PI3K/Akt 57855 (PI3K/Akt signaling pathway) 18 993 ATF2,CDKN14,NOS3,FASLG,FGF2,RELA, VEGFA,CASP9, CREB3, IL6,CDK6,CCND2,CCND1, CDK4, BCL2, TPS3,MCL1, BCLALI

NEHTLV- T (HTLV-T infection) 16 982 ATF2,CDKN14,JUN,CSF2,FOS, TNF ,RELA ICAM1 ,NFKBIA, L6, CCND2,CCND1 , CDK4, BAX, TPS53,BCLOL1

E B (colorectl cancer) 10 939 CASPY,JUN,MAPKS,CCNDL,CASP3 ,BCL2,BAX,BIRC5 ,FOS, TPS3

IR (pancreatic cancer) 10 920 CASP9,MAPKS,CDK6,CCND1,CDK4, STAT3, TP53,RELA,BCL2L1 , VEGFA

P33 5B (p33 signaling pathway) 10 908 CASP9,CDKN14,CASPS, CDK6,CCND2,CCNDI, CDK4, CASP3, BAX, TPS3

FEAEFR R 11 2 (proteoglycans in cancer) 14 900  PRKCG,CDKNIA,MMP2,STAT3 , FASLG ,FGF2, TNF, MMP9, VEGFA ,CCND1 ,PLAU, CASP3 ,PTPNG6, TPS3

NI (smal cell lung cancer) 10 8.14  NFKBIA,CASP9,CDK6,CCNDI,CDK4,BCL2, PTGS2, TPS3, RELA, BCLALI

JMIBHEE % (theumatoid arthriis) 10 801 IL6,JUN,CSF2,MMP1 IL1B,MMP3,FOS, INF,ICAM1,VEGFA

95 (measles) 1l 756 NFKBIA,IL6,CDK6,CCND2, CCNDI, CDK4,IL1B, STAT3 , FASLG, TP53,RELA

HALE k476 (influenza A) 12 750 NFKBIA,CASP9, ATF2,IL6 ,JUN, MAPKS IL1B,CASP\ , FASLG, INF ,RELA,ICAM

SEHHERTE (American trypanosomniasis) 10 736 NFKBIA,IL6,JUN,MAPKS, CASPS ,IL1B,FASLG,FOS, INF,RELA

AT Y (herpes simplex infection) 12 728 NFKBIA,IL6,JUN,MAPKS, CASPS,IL1B,CASP3 , FASLG,FOS, TNF, TP53,RELA

B I (toxoplasmosis) 10 715 NFKBIA,CASP9,MAPKS,CASP8,CASP3 STAT3 ,BCL2, TNF,RELA, BCL2L1

SEAEFR IV F UM AR (microRNAs in cancer) 14 712 PRKCG,CDKNIA,STAT3 ,PTGS2, MMP9, VEGFA ,CDK6,CCND2, CCND!, PLAU, CASP3, BCL2, TPS3, MCL

MAPK {551 % (MAPK signaling pathway) 13 6.78  PRKCG,ATF2,JUN,FASLG,FOS, MAPKSIP2,FGF2, TNF,RELA, MAPKS IL1B,CASP3, TPS3

E.RESRER S TP53 LN i & 11 FRESRIR S VEGFA SE N 4t 2 11
b RERBRS6MZOMEERRBEEANS FEEE

Fig5 Molecular docking pattern diagrams of ursolic acid and proteins encoded by 6 core target genes
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