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neuroinflammation by regulating metabolic disorders in microglia through network pharmacology, in vitro
experiments, and untargeted metabolomics. Neuroinflammation-related disease targets and NGRI1 targets were
obtained through multi-database mining, overlapping targets were screened using Venny, and GO and KEGG
enrichment analyses as well as protein-protein interaction network construction were performed to screen core
targets. Molecular docking software was used to evaluate the binding ability between NGR1 and the core targets.
An inflammatory model was established by lipopolysaccharide-induced BV2 microglial cells, and Western blot
was used to detect the effects of different concentrations of NGR1 on the expression of inflammation-related
proteins in microglia, and to determine the effective concentrations of NGRI1 affecting the NF-xB signaling
pathway. Untargeted metabolomic analysis was conducted within the effective concentration range of NGR1, and
differential metabolites were screened by combining multivariate statistical analysis with metabolic pathway
enrichment analysis. Cytoscape and MetaboAnalyst platforms were further used to screen key metabolites closely
associated with the NF-«B signaling pathway. Exogenous metabolite supplementation experiments were conducted
to verify whether NGR1 could inhibit the activation of the NF-xB signaling pathway by regulating the levels of
related metabolites. The results showed that there were 43 overlapping genes between neuroinflammation-related
disease targets and NGR1 targets, among which 16 were core targets. KEGG enrichment results indicated that the
overlapping targets were significantly enriched in inflammatory signaling pathways such as NF-xB. Molecular
docking results showed that NGR1 had high binding affinity with multiple NF-«B signaling pathway proteins.
Western blot results demonstrated that NGR1 could significantly regulate the expression of NF-xB signaling
pathway-related proteins and inflammatory factors, and 25 and 50 umol-L" were the effective concentrations
affecting the NF-xB signaling pathway. Metabolomic results showed that NGR1 could significantly affect multiple
pathways such as glutathione metabolism. Metabolite-target association analysis results showed that NGR1 could
reverse abnormal changes in metabolites closely related to NF-xB signaling pathway targets, including
homocysteine, L-leucine, and prostaglandin E2 ethanolamide. Exogenous metabolite supplementation experiments
showed that homocysteine could weaken the inhibitory effect of NGR1 on the NF-«B signaling pathway, suggesting
that homocysteine may be involved in the NGR1-mediated NF-«B inhibitory process. In summary, NGR1 may
inhibit the activation of the NF-«B signaling pathway through both direct inhibition and indirect regulation of
homocysteine metabolism, thereby alleviating neuroinflammatory responses.
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Figure 1 Network pharmacology analysis of NGR1 against neuroinflammation. A: Common targets of NGR1 and neuroinflammation; B:

PPI network of common targets; C: GO enrichment analysis of common targets; D: KEGG enrichment analysis of common targets. NGR1:

Notoginsenoside R1; PPI: Protein-protein interaction; CC: Cellular component; BP: Biological process; MF: Molecular function; GO: Gene

ontology; KEGG: Kyoto encyclopedia of genes and genomes
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Table 1 Docking scores of NGR1 with core targets

Target PDB ID Binding energy/kcal-mol”
AKTI1 6HHJ -10.2
TNF 1D0G -9.7
PTGS2 SF1A -9.1
IFNG 8D9%4 -8.9
NFKBIA 1IKN -8.8
CCL2 6CRC -8.4
IL1B 3POK -7.8
BCL2 SWHI -7.6
IL4 IRCB =73
MAPK3 6GES -7.3
IL6 IRHG -7.1
PPARG 8ATY -6.6
IL1A 5UC6 -6.3
STAT3 6NJS -6.1
EGFR 7KP6 -6.0
IL10 6DF3 -5.2
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Figure 3  Protein expression profile of the inflammatory model in LPS induced BV2 cells under NGR1 intervention. A: Effect of NGR1 on
the cell viability of BV2 cells (n = 5, x = 5); B=F: WB analysis of the protein expression levels of iNOS, pro-IL-14, IL-15 and TNF-a (n = 3,
X + 5); G-1: WB analysis of the protein expression levels in the NF-xB signaling pathway (n = 3, x + 5). P < 0.01, "P < 0.001, "*p <

0.000 1 vs control (CT) group;
Lipopolysaccharide

P < 0.05, "P < 0.01,

“p < 0001, ™

P < 0.000 1 vs model group. WB: Western blot; LPS:
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Figure 4 Multivariate statistical analysis of metabolomics. A: Total ion chromatogram of CT group, model group, NGR1-H (50 umol-L™)
treatment group and NGRI1-L (25 pmol-L") treatment group in positive ion mode; B: Total ion chromatogram of CT group, model group,
NGRI1-H treatment group and NGR1-L treatment group in negative ion mode; C: PCA score plot in positive ion mode; D: PCA score plot in
negative ion mode; E: PLS-DA score plot in positive ion mode; F: PLS-DA score plot in negative ion mode. PCA: Principal component

analysis; PLS-DA: Partial least squares-discriminant analysis
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Figure 5 Analysis of differential metabolites and metabolic pathways.

P21: Primary bile acid biosynthesis

A: Volcano plots of differential metabolic features in both positive

(ESI+) and negative (ESI-) ion modes for CT vs model, NGR1-L vs model, and NGR1-H vs model, respectively; B: Heatmap of differential
metabolites; C—E: Bubble plots of enriched metabolic pathways for CT vs model (C), NGR1-L vs model (D), and NGR1-H vs model (E),
respectively; F: Chord diagram of enriched metabolic pathways for CT vs model, NGR1-L vs model, and NGR1-H vs model
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Figure 6 Association between differential metabolites and therapeutic targets. A: Relationship between differential metabolites and thera-

peutic targets on Cytoscape; B: Improvement effect of NGR1 on key metabolites; C: Relationship between differential metabolites and thera-

peutic targets on MetaboAnalyst
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