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Abstract: Objective To explore the mechanism of Xiaoyaosan in the treatment of metabolic associated fatty liver disease (MAFLD,

used to be known as nonalcoholic steatohepatitis, NASH) based on network pharmacology and in vivo experiments. Methods The
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active components and potential targets of Xiaoyaosan were obtained from TCMSP database, and the disease targets of MAFLD
were obtained from Gencards and OMIM database. A protein-protein interaction (PPI) network based on active components and
disease common targets was constructed, Metascape platform was used for gene ontology (GO) function and Kyoto encyclopedia of
genes and genomes (KEGQG) pathway enrichment analysis, the "component-target-pathway" network was constructed, and autodock
software was used for molecular docking verification of key compounds and targets. MAFLD mouse model was established by
feeding methionine and choline deficient L-amino acid diet (MCD). Polyene Phosphatidylcholine Capsules (178 mg-kg™'-d™") or
Xiaoyaosan (1.437, 2.874, 5.748 g-kg™'-d™") were given to intervene. The levels of aspartate aminotransferase (AST), alanine
aminotransferase (ALT), triglyceride (TG) and total cholesterol (TC) in serum of mice in each group were measured, pathological
changes of liver tissues of mice in each group were investigated by HE staining. The protein expressions of PTGS2, ESR1, NOS2
and PPARG were detected by Western blotting. Results 160 active components of Xiaoyaosan and 619 corresponding action targets
were obtained, including 133 action targets for the treatment of MAFLD. The core components of Xiaoyaosan in the treatment of
MAFLD were quercetin, luteolin, kaempferol and polyporenic acid C and so on, and the key targets were PTGS2, ESR1, NOS2 and
PPARG etc. The main biological pathways are tumor related signaling pathways, AGE-RAGE signaling pathways in diabetic
complications, IL-17 signaling pathways, and nonalcoholic fatty liver related signal pathways. Molecular docking results show that
quercetin, luteolin and kaempferol are strongly associated with PTGS2, ESR1, NOS2 and PPARG. /n vivo animal experiments
showed that compared with the model group, the levels of AST, ALT, TG and TC in Xiaoyaosan group were significantly reduced
(P < 0.05), and the pathological damage of liver tissue was improved. Compared with the model group, the expressions of PTGS2,
ESR1 and NOS2 protein in the middle and high dosage groups of Xiaoyaosan were significantly decreased (P < 0.01), while the
expression of PPARG protein was significantly increased (P < 0.01). Conclusion Xiaoyaosan may treat MAFLD by regulating
targets such as PTGS2, ESR1, NOS2 and PPARG, IL-17 signal pathway and nonalcoholic fatty liver related signal pathway.

Key words: Xiaoyaosan; metabolic associated fatty liver disease; non-alcoholic steatohepatitis; network pharmacology; molecular
docking; quercetin; luteolin; kaempferol; polyporenic acid C
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Fig. 4 GO-BP enrichment analysis of targets of Xiaoyaosan in treating MAFLD (top 20)
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Fig. 5 GO-MF enrichment analysis of targets of Xiaoyaosan on treating MAFLD (top 20)
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Table 1 Feature parameters of network nodes for main active components of Xiaoyaosan
'S MOL ID HE WA TR HSC R FEAE B REE ORIELM
El MOL000098 quercetin Hi e 2% 35 0.0886 04922  LEH]HE
BH8  MOL000006 luteolin KEEE 17 00218 04536 )
Cl MOL000422 kaempferol Ll 2= 1 16 0.0210 04499  LEH1.HAT
FL9 MOL000285 polyporenic acid C WEEC 16 0.0157  0.4082 TRZ:
FLI0  MOL000292 poricoic acid C BRI C 14 00124 04052 R%
Gl MOL004328 naringenin Tz 2% 14 00260 04481  Pfr. H®E
FL11  MOL000287 eburcoic acid WAL B R 13 0.0187 04272 REE
FL8 MOL000280 dehydrotumulosic acid FE R 13 0.0095  0.400 7 IR%
BZ2  MOL000028 o-amyrin o- & W IR 11 0.0062 03735 HAR
FL13  MOL000290 poricoic acid A PR HTR A 11 0.0077  0.3978 RE
FL15  MOL000300 dehydroeburicoic acid LEE LI 11 0.0086  0.400 7 TRZ:
GC85  MOL005013  18a-hydroxyglycyrrhetic acid ~ 18a-¥43 H ¥k 2 11 0.0057  0.3826 HE
SI3 MOL008698 dihydrocapsaicin ZEHMER 11 0.0010  0.2993 A
®2 BESEIEEEASBANETRSTESH 1R T 40 M e LR A € 880 50 , G IR 7 45 R 5

Table 2 Characteristic parameters of target network

nodes of main active components of Xiaoyaosan

B FEAE A Ldis
PTGS2 117 0.3729 0.604 4
ESRI 90 0.1175 0.464 1
NOS2 82 0.109 7 0.474 1
PPARG 75 0.111 7 0.480 3
RXRA 41 0.053 4 0.416 7
RELA 25 0.021 0 0.394 3
AKTI 20 0.013 6 0.390 1
CASP3 19 0.020 0 0.384 6
MAPKS 19 0.0109 0.3873
IKBKB 18 0.0117 0.386 0
IL6 17 0.020 9 0.379 3
JUN 17 0.009 4 0.379 3
MAPK9 17 0.008 1 0.384 6
PPARA 17 0.013 1 0.379 3
NRIH3 16 0.022 3 0.365 4
£3 FEFEMERIHDFIE
Table 3 Molecular docking of main active ingredients
TN #EA /(K mol ™)

PTGS2 ESR1 NOS2 PPARG

Wit e & -33.97  -35.15 -30.88  -27.53

KEEZE  -32.80 -31.42 -28.62 -26.82

Ll 2215 -31.46 -30.29 -29.46 -23.35
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Fig. 8 Visualization of molecular docking between active ingredients of Xiaoyaosan and core targets
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