Taiwan endemic plant for bone remodeling: zebrafish and network pharmacology approaches 
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Introduction. Bone remodeling is regulated by osteogenic transcription factors and signaling pathways. Plant-derived extracts are promising candidates for bone health interventions.
Aims. This study evaluated the osteogenic activity of EF, an endemic plant in Taiwan, on zebrafish, identified a major compound, and explored its potential mechanisms through network pharmacology.
Methods. EFH (the water extract of EF) was evaluated in zebrafish. Zebrafish larvae were treated with EFH to assess vertebral growth. Osteoblast-related genes Sp7 and OCN were analyzed by RT-qPCR. The major compound EFH-B343 was isolated. EFH-B343 targets were predicted using TCMSP and SwissTargetPrediction; osteoporosis-related targets were obtained from GeneCards. Overlapping targets were analyzed using STRING for protein–protein interaction (PPI), with key proteins identified in Cytoscape. Functional enrichment was conducted via DAVID and ShinyGO. 
Results. EFH was non-toxic to zebrafish and increased vertebral growth by 30.28 ± 13.44% (n=17; P<0.05) compared with control. EFH upregulated Sp7 (1.25 ± 0.07; n=3; P<0.05) and OCN (2.38 ± 0.42; n=3; P<0.05). EFH-B343 was identified as the major compound. Network pharmacology revealed 105 predicted EFH-B343 targets, 7,231 osteoporosis-related targets, and 68 overlapping proteins. PPI analysis highlighted 10 key proteins, including MMP9, CASP3 and PTGS2, as well as GO/KEGG analyses indicated TNF signaling as a potential mechanism. 
Discussion. EFH, an endemic plant extract from Taiwan, enhanced vertebral development and osteogenic gene expression in zebrafish. EFH-B343 may exert osteogenic activity by modulating TNF signaling through CASP3, MMP9, and PTGS2. These findings suggest EFH-B343 as a promising natural candidate for bone remodeling interventions.
