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Abstract: Objective To explore the mechanism of emodin in treating diabetic kidney disease ( DKD) based on
network pharmacology, molecular docking technology, and in vitro cell experiments. Methods The intersection targets
of emodin and DKD were retrieved from public databases. A protein-protein interaction network was established, and
gene ontology (GO) and Kyoto encyclopedia of genes and genomes ( KEGG) functional enrichment analyses were

conducted on the obtained targets. Molecular docking and molecular dynamics simulation of emodin and core therapeutic
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targets were carried out. Mouse podocyte clone-5 ( MPC-5) cells were divided into a control group, a high-glucose
group, and emodin intervention groups. The intervention groups were treated with 5, 10, 20, and 40 pmol/L emodin
for 24 hours respectively. Untargeted metabolomics analysis was performed to screen differential metabolites.
Results Eighty potential therapeutic targets of emodin for DKD were obtained, with nuclear factor erythroid 2-related
factor 2 (NRF2) being the key therapeutic target. GO analysis identified 190 biological processes, 80 cellular compo-
nents, and 100 molecular functions. KEGG enrichment analysis revealed signaling pathways, including ferroptosis, lipid
and atherosclerosis, and interleukin-17 (IL-17). There was a strong interaction between emodin and NRF2, and the
binding conformation was stable. Emodin could significantly alleviate cell damage induced by high glucose. After inter-
vention with 10 wmol/L emodin, the iron levels in cells, the expression of tumor necrosis factor (TNF) and IL-17 were

significantly reduced, while the expression of glutathione peroxidase 4 ( GPX4), NRF2, and its downstream related

genes was significantly increased ( P<0.001). Metabonomics analysis showed that a total of 29 differential metabolites

64 % 7 4

were identified after emodin intervention, with 10 up-regulated and 19 down-regulated. Conclusion

Emodin exerts

anti-ferroptosis, anti-inflammation and metabolic regulation effects by mediating multiple signaling pathways such as

ferroptosis and IL-17 through the key target NRF2, thereby achieve a renoprotective effect on DKD.

Key word: Emodin; Nuclear factor erythroid 2-related factor 2; Ferroptosis signaling pathway; Diabetic kidney

disease; Network pharmacology
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Figure 1

Visualization of the two-dimensional structure and targets of emodin

A: Chemical structure of emodin; B: Diagram of the emodin-target network.
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Figure 2 Intersection targets of emodin and DKD
A PCA plot before batch correction; B: PCA plot after batch correction; C: Volcano plot for DEGs; D Heatmap for
top 50 DEGs; E. Clustering dendrogram of genes; F. The relationship between the module and clinical traits; G: Bar
graph of gene significance for each module; H. Correlation analysis between hub module genes and DKD; I. Venn dia-
gram of intersection targets of emodin and DKD.
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Figure 3  PPI network analysis of therapeutic targets

A: Genetic properties of therapeutic targets; B,C: PPI network of the therapeutic targets; D: Bar graph of degree values.
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Figure 6 Molecular dynamics simulation of emodin and NRF2

A: The RMSD values of the complex over time; B: The Rg values of the complex over time; C: The RMSF values of
the complex over time; D: Energy component of the complex.
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