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Integrating network pharmacology and experimental verification to explore
mechanism of ginsenoside Rb, in treating metabolic associated fatty liver disease
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Abstract: Objective This study was carried out to investigate the targets and mechanisms of action of ginsenoside Rb,(Rb,) in the
therapy of metabolic associated fatty liver disease (MAFLD) in rats. Methods The network pharmacology methods were used to
systematically predict the core targets of ginsenoside Rb, for the treatment of MAFLD. PPI network and "Rb,-MAFLD targets"
networks were plotted using STRING platform and Cytoscape3.9.1 software, respectively. GO functional enrichment and KEGG
pathway enrichment analysis were performed on core targets using DAVID database. Further in vivo animal experiments were
conducted for validation, an experimental MAFLD model was developed in rats by feeding them high-fat diet. Body mass, liver
coefficient, liver function index (AST, ALT) and blood lipid index (TG, TC, LDL-C, HDL-C) were determined. HE staining was
used to observe the pathological changes of liver tissue. The expression levels of inflammatory factors (IL-6, IL-10, TNF-a, TGF-

B1) in serum and liver of rats were detected by ELISA and real-time PCR, respectively, to validate the predicted results of network
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pharmacology. 16S rDNA sequencing analysis was used to evaluate the effect of Rb, on gut microbiota composition in MAFLD rats.
Results A total of 134 potential targets for Rb, treatment of MAFLD were obtained. Enrichment analysis indicated that
Rb, interferes with the biological process of MAFLD, which is related to transcriptional regulation, cell proliferation and
inflammatory response, and the action pathways are mainly cancer, inflammation, lipid and atherosclerosis and diabetes. The results
of animal experiments indicated that compared with the normal group, rats in the MAFLD model group had conspicuously elevated
liver coefficients, liver function indexes, inflammatory factors, disturbed lipid metabolism, and structural disorders of the intestinal
microbiota. Rb, improved steatosis and inflammatory cell infiltration in liver tissues, conspicuously reduced serum levels of AST,
ALT, TC, TG, and LDL-C, increased HDL-C levels, and effectively suppressed the overexpression of inflammatory factors in
MAFLD rats. Furthermore, Rb, altered the composition of the gut microbiota in MAFLD rats, characterized by the enrichment of
Bacteroidota, Lactobacillus, Blautia and the reduction of Firmicutes/Bacteroidota and Desulfovibrio. Conclusion Rb, can ultimately
exert anti-MAFLD effects by improving dyslipidemia and liver function, suppressing inflammatory responses and modulating the
homeostasis of the gut microbiota.

Key words: ginsenoside Rb,; metabolic associated fatty liver disease; gut microbiota; network pharmacology; dyslipidemia;
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®2 BEHKREFREFFERBSHFINEEIEHR (v25,n=8)

Table 2 Body mass, liver coefficient and liver function indexes of rats in each group (x+s,n=8)

415 7R/ (gkg™ JFF Ik 2 50% A5 /g ALT/(U-L ™D AST(U-L™
X i — 2.69+0.13 449.42+30.85 42.53+6.08 134.34+8.81
A — 3.2740.25" 548.91+31.60" 75.48+9.99* 191.26+11.79%
Rb, 0.01 3.11+0.09 502.08+26.42" 61.89+5.24" 156.87+7.28"
A ity 2 JH L 25 2.14+0.09 492.64+30.04" 62.42+8.63" 160.21+12.80"

SRR LLEL 7 P<<0.01; 5B LA - "P<<0.05 " P<C0.01
#p <0.01 vs control group; P <0.05 P <0.01 vs model group
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®3 BHXBMEEKTF (x+s,n=8)

Table 3 Lipid levels of rats in each group (x+s,n=8)

ZH ) FlE/ (gkg™) TC/(mmol-L™) TG/(mmol-L™")  LDL-C/(mmol-L™") HDL-C/(mmol-L™")

ot HE — 1.67+0.12 0.54+0.12 0.39+0.07 1.27+0.09

FEL7Y — 3.35+0.47" 1.10£0.20* 0.84+0.10" 0.60+0.08"

Rb, 0.01 2.81£0.29" 0.76+0.10™ 0.66+0.13" 0.81+0.14™
i 2 KL 2.5 2.23+0.34" 0.7240.15™ 0.64+0.12" 0.87+0.11"

5 HRALLEEL " P<<0.01; S AL "P<<0.05 "P<<0.01
#Pp <0.01 vs control group; P <0.05 P <0.01 vs model group

E5 KAKRIFHARKEFINE(HELE,x200)

Fig. 5 Histopathological observation of liver in each group of rats (HE staining, x200)

#2758 Rb, Al ¥ MAFLD K RRMLE 7 5 RAER 77K 0.01) 5 Rb, 14K iy 52 B0RL + 71 J5 K B 4 24

F, Wik 4.

3.2.5 Rb X MAFLD K B JH 2 2R 98 i [+ mRNA
FIRAKCFRIFE M 45 R IEIR, 5 X4 i, AR A
H KBTS TNF-0- IL-6 I TGF-BImRNA 7K T~ i,
Z T (P<0.05) ,IL-10 mRNA /KF & # FF R (P<

TNF- o IL-6 mRNA /K~ & 2 F# % (P<<0.01) . Rb,
41 IL-10 mRNA 7K ¥ 2 3 F+ 5 (P<<0.05) , TGF-p1
mRNA K @A ELEEEZS. $27RRD,
TEHN ) MAFLD K 58 AT 20 230 mp 1) 98 0 8 77 T L
AN, WS,

®4 BHXBRMFBERLERF KT (sx5,n=8)

Table 4 Levels of serum inflammatory factors of rats in each group (x+s,n=8)

2H FE/(gkg™ TNF-o/(pg-mL™) IL-6/(pg'mL™")  TGF-Bl/(ng'mL™")  IL-10/(pg-mL™")
Xt HEE — 92.78+12.69 40.31£6.30 18.86+2.03 40.44+6.07
i — 186.58+13.08" 95.15+13.61% 46.09+7.53" 23.90+5.81
Rb, 0.01 150.78+15.14™ 71.48+10.56" 36.24+7.84" 33.29+5.91"
A3 2 I Rk 2.5 146.22+10.15™ 67.04+14.20" 34.20+7.93" 31.91+6.70"
5 M ZH e -7 P<<0.01 s SRV L 4% - "P<<0.05 TP <<0.01
#p <0.01 vs control group; P <0.05 P <0.01 vs model group
x5 FBAXRFARKERETF mRNAKTE (xxs,n=6)
Table 5 mRNA levels of liver inflammatory factors of rats in each group (x+s,n=6)
13 R gkg™ mRNA AT
TNF-a IL-6 TGF-p1 IL-10
X HE — 1.07+0.13 1.08+0.09 0.94+0.05 1.03+0.07
Y — 1.86+0.13" 1.99+0.19" 1.69+0.10" 0.58+0.10"
Rb, 0.01 1.51+0.14" 1.53+0.10" 1.59+0.08 0.74+0.09"
A3 22 I R 25 1.60£0.14" 1.47+0.10" 1.47+0.07" 0.66:£0.09

SRR LLEL 7 P<<0.01; S LA - "P<<0.05 "P<C0.01
#p < 0.01vs control group; "P < 0.05 P < 0.01 vs model group
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Fig. 6 Analysis of diversity of gut microbiota of rats in each group
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Fig.7 Classification composition and differential bacterial analysis of GM in each group of rats
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