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Effects and underlying mechanisms of ginsenoside Rb1 in improving non-alcoholic

steatohepatitis via modulation of the gut-liver axis
FU Hui"?, XU Benjin', WEI Yuyang', ZHANG Yitao', LIU Yiyan', LU Chengbo', HAO Jing', SONG Binyu’
]Department of Laboratory Medicine, *Science and Technology Center, Shanxi University of Medicine, Fenyang,

Shanxi, China

[Abstract] Objective To investigate the therapeutic effects of ginsenoside Rb1 on non-alcoholic
steatohepatitis (NASH) and its mechanisms through modulating gut microbiota and repairing intestinal barriers
in liver inflammation and metabolic disorders. Methods A model NASH mouse was established by high-fat,
high-cholesterol diet (HFHCD) feeding. After modeling, the NASH mice were treated with Rbl wia
intraperitoneal injection. An in vitro NASH model was induced with oleic acid+cholesterol in HepG2 cells.
Serum biochemistry, histopathological observation (HE, Oil Red O, Masson, Sirius Red staining), and Western

blotting (inflammatory and tight junction proteins) were performed. Gut microbiota was analyzed with 16S
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rRNA gene sequencing. The correlations between key microbiota and metabolic phenotypes were analyzed

using Spearman correlation analysis and SHapley Additive exPlanations (SHAP) analysis. Results Rbl

significantly reduced serum levels of total cholesterol (TC), triglyceride (TG), alanine transaminase (ALT),
aspartate aminotransferase (AST) and low-density lipid-cholesterol (LDL-C) in the NASH mice (P<0.05),

decreased lipid accumulation and fibrosis in liver tissues, inhibited TNF- o and IL-18 expression, and

increased zonula occludens-1 (Z0-1) and Occludin levels (P<0. 05). It also boosted beneficial bacteria like

Lactobacillus and Bifidobacterium, reduced harmful bacteria such as Desulfovibrio, and enhanced gut

microbiota diversity (P<0.05). Correlation analysis showed that beneficial bacteria enriched by Rb1 were

positively correlated with the improvements of metabolic indicators and negatively with inflammatory factors

and liver injury markers (P<0.05). The machine learning model identified ALT as the key predictor for

NASH. Conclusion Rbl can inhibit inflammatory response and improve lipid metabolism by modulating

gut microbiota and repairing the intestinal barrier, and thus significantly alleviate NASH progression.
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A: Food intake comparison among 3 mouse groups; B: Weight change trends of 3 mouse groups; C: Effects of Rbl with

different concentrations on HepG2 cell viability by CCK-8 assay; D: HE and Oil red O staining of liver tissues; E: Oil Red O
staining of HepG2 cells; ND: Normal diet; HFHCD: high-fat, high-cholesterol diet; Rbl: Ginsenoside Rb1; NASH: Non-

alcoholic steatohepatitis; NC: Normal control
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Figure 1 Rb1 amelioration of metabolic phenotypes and hepatic lipid accumulation in NASH mice
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Table 1 Comparison of serum ALT, AST, TC, TG and LDL-C levels among 3 groups of mice (x+s, n=8)

Group Dose/[ mg/(kg-d) ] ALT AST TC TG LDL-C
ND - 5.24+1.17 7.040. 84 2. 15+0. 21 0. 56+0. 08 1.58+0. 17
HFHCD 14. 15+1.41° 20. 05+2. 56" 7.3%0.33" 1.39:0. 14° 5.37+0. 36"
HFHCD+Rb1 100 7.93+0. 88" 12.322. 03" 4.45:0.33" 0.92+0. 12" 4.29+0. 36"

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TC: Total cholesterol; TG: Triglyceride; LDL-C: Low-density
lipoprotein-cholesterol; ND: Normal diet; HFHCD: High-fat, high-cholesterol diet; Rb1l: Ginsenoside Rb1l. a: P<0. 01, compared with

the ND group; b: P<0.01, compared with the HFHCD group

K2 BAMEALT.AST.TC. TG F1LDL-C 7K FEHILLES (7+s, n=3)

Table 2 Comparison of serum ALT, AST, TC, TG and LDL-C levels among different groups of cells (x+s, n=3)

Group Dose/[ mg/(kg-d) ] ALT AST TC TG LDL-C

NC - 13.56=1. 03 5.310. 82 0. 0440. 002 0. 0220. 002 1.67+0.23
Model 26. 42+0. 8° 13.25+0. 82° 0.571+0. 047" 0.22+0. 024° 5.16+0.21°
Rbl-L 5 21. 480. 78" 9. 48+0. 65" 0.31x0. 012" 0. 153£0. 016" 4.28+0.22"
Rbl-H 10 17. 42+0.91° 7.75%0. 37 0. 197+0. 016" 0. 085=0. 007° 3.25+0. 19°

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TC: Total cholesterol; TG: Triglyceride; LDL-C: Low-density

lipoprotein-cholesterol; NC: Normal control; Rb1: Ginsenoside Rb1l. a: P<0.05, compared with the NC group; b: P<0. 05, compared

with the Model group; c¢: P<0. 05, compared with the Rb1-L group
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A: TNF-a and IL-1f protein expression in mouse liver tissue; B: TNF-a and IL-1B protein expression in HepG2 cells; C: Masson and Sirius

Red staining of liver tissue; ND: Normal diet; HFHCD: High-fat, high-cholesterol diet; Rb1: Ginsenoside Rb1; NC: Normal control
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Figure 2 Rb1l-mediated inhibition of hepatic inflammation and fibrosis
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A: HE staining of ileal tissues; B: Western blotting showing ZO-1 and Occludin expression in ileal tissues; Z0O-1: Zonula occludens-

15 ND: Normal diet; HFHCD: High-fat, high-cholesterol diet; Rb1: Ginsenoside Rb1
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Figure 3 Rbl restoration of ileal barrier structure and enhancing expression of tight junction proteins
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Figure 4 Rb1 modulation of gut microbiota composition and diversity
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Figure 5 Key microbial feature identification of NASH via correlation analysis and SHAP model
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