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Abstract: To investigate the therapeutic effect and molecular mechanism of the main flavonoid components
of Silybum marianum (S. marianum) on nonalcoholic fatty liver disease (NAFLD), we identified nine flavonoids in
S. marianum through TCMSP, PubChem database and corresponding literatures. The potential therapeutic targets
of NAFLD were predicted by SwissTargetPrediction, GeneCards and Venny 2.1.0 platform, while the protein-
protein interaction (PPI) network of potential targets was analyzed using String platform and Cytoscape software.
Then GO and KEGG pathway enrichment analysis were performed using David 6.8 database, followed by
molecular docking verification using AutoDock software. In vitro, components with higher degree value in the

"components-targets-pathway" network were chosen for further analysis. L02 cells were used to establish lipid
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accumulation model and treated with different components. Furthermore, the effects of four pure active compounds

from S. marianum on lipid accumulation in hepatocytes were analyzed by oil red O staining. The results showed

that the main nine flavonoids extracted from S. marianum contained 24 potential NAFLD targets. Several critical

pathways closely related to NAFLD process were identified by GO and KEGG enrichment analysis, including

phosphatidylinositol 3-kinase-protein kinase B (PI3K-Akt) pathway, type 2 diabetes pathway, tumor necrosis factor

(TNF) pathway and insulin resistance pathway. The results of molecular docking further indicated that the core

components displayed strong binding abilities with key targets respectively, and silandrin showed better binding

activity as compared to other components. The results obtained from L02 cells showed that the lipid accumulation

was reduced by treatment with isosilybin A, isosilybin B, silydianin and silychristin, while the activity of isosilybin

B was better than that of isosilybin A. Taken together, we concluded that the main flavone components of

S. marianum could improve lipid accumulation through multiple signaling pathway in hepatocytes, and this could

be a potential new strategy for the treatment of NAFLD.
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Figure 1 Structural analogues in flavone extracts of Silybum marianum (S. marianum)
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Table 1 Therapeutic targets of flavone extracts of S. marianum
Number UniProt ID Gene Target name
1 P08253 MMP2 Matrix metallopeptidase 2
2 P19793 RXRA Retinoid X receptor alpha
3 000748 CES2 Carboxylesterase 2
4 P04278 SHBG Sex hormone-binding globulin
5 P10415 BCL2 B-cell lymphoma-2
6 P10636 MAPT Microtubule associated protein tau
7 P42345 MTOR Mechanistic target of rapamycin kinase
8 P03372 ESR1 Estrogen receptor 1
9 P15692 VEGFA Vascular endothelial growth factor A
10 P03956 MMP1 Matrix metallopeptidase 1
11 P42224 STAT1 Signal transducer and activator of transcription 1
12 Q13464 ROCKI1 Rho associated coiled-coil containing protein kinase 1
13 P27338 MAOB Monoamine oxidase B
14 P26358 DNMT1 DNA methyltransferase 1
15 014920 IKBKB Inhibitor of nuclear factor kappa B kinase subunit beta
16 P60842 EIF4A1 Eukaryotic translation initiation factor 4A1
17 P42336 PIK3CA Phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha
18 014746 TERT Telomerase reverse transcriptase
19 Q16665 HIF1A Hypoxia inducible factor 1 subunit alpha
20 P10599 TXN Thioredoxin
21 P00915 CAl Carbonic anhydrase 1
22 P05067 APP Amyloid beta precursor protein
23 P07477 PRSS1 Serine protease 1
24 P14780 MMP9 Matrix metallopeptidase 9
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Figure 2 The protein-protein interaction network of therapeutic
targets of flavone extracts of S. marianum. Circle size and its color
depth show the degree of them. Connection thickness and its color

depth reflect the combined score of them
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Figure 3 The results of GO enrichment analysis
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Figure 4 The diagram of KEGG pathway enrichment analysis
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Figure 6 Thermogram of preliminary prediction docking binding
energy of flavone extracts of S. marianum. PIK3CA: Phosphatidylino-
sitol-4,5-bisphosphate 3-kinase catalytic subunit alpha (upper);
IKBKB: Inhibitor of nuclear factor kappa B kinase subunit beta (lower)
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25 pumol-L! Silychristin

Figure 8 Analogues in flavone extracts of S. marianum inhibit oleic acid (OA) + palmitic acid (PA) induced lipid accumulation in L02

cells (light microscope 400 X, scale bar: 20 pm)
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