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Xuanfuhua Decoction ameliorates metabolic dysfunction—associated steatohepatitis by regulating bile acid
metabolism via the FXR-SHP pathway
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ABSTRACT: OBJECTIVE To evaluate the effect of Xuanfuhua Decoction (XFHD) on bile acid metabolism and farnesoid X
Receptor-small heterodimer partner (FXR-SHP) signaling in metabolic dysfunction-associated steatohepatitis (MASH).
METHODS Twenty-four male C57BL/6J mice were randomly divided into the normal control, MASH, XFHD (14.19
g+kg '), and positive control (obeticholic acid, 10 mg+kg ') groups. After 24 weeks of a high-fat, high-fructose, and high-
cholesterol diet, mice were orally gavaged with the corresponding treatments for 6 weeks. Drug-containing sera were prepared,
and AMI.12 cells were induced with free fatty acids (FFA) with or without the FXR inhibitor Guggulsterone. Serum levels of ala-
nine aminotransferase (ALT), aspartate aminotransferase (AST), total cholesterol (TC), triglycerides (TG), and low-density
lipoprotein cholesterol (LDL-C) were measured. Histopathological changes in the liver were assessed by hematoxylin and eosin
(HE), Oil Red O, and Sirius Red staining, and bile acid profiles were analyzed by mass spectrometry. FXR and SHP mRNA
and protein levels were measured by quantitative PCR (qPCR) and Western blot, respectively. Molecular docking was performed
to predict the binding affinity between the active components of XFHD and FXR, and the regulatory effects of high-affinity compo-
nents on FXR mRNA expression were further validated through in vitro assays. RESULTS XFHD significantly reduced serum
ALT, AST, TC, TG, and LDL-C levels (P<C0.05, P<<0.01), alleviated hepatic steatosis, inflammation, and fibrosis, as
well as decreased the NAS score and hepatic TG and hydroxyproline levels (P<Z0. 05, P<<0. 01) in MASH mice. Bile acid profil-
ing revealed that XFHD reversed the increase in serum levels of toxic bile acids and the decrease in intrahepatic physiological bile
acids. Additionally, XFHD upregulated hepatic FXR and SHP expression (P<C0. 05, P<C0. 01), which was inhibited in the pres-
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ence of Guggulsterone. Molecular docking indicated that luteolin, chrysoeriol, and azaleatin in XFHD bound to FXR with high

affinity, and in vitro assays confirmed that these components significantly upregulated FXR mRNA levels in AML12 cells (P<<
0.05). CONCLUSION XFHD markedly ameliorates disruptions in bile acid metabolism in MASH via modulating the FXR-

SHP signaling pathway.

KEY WORDS: metabolic dysfunction-associated steatohepatitis (MASH) ; Xuanfuhua Decoction; bile acid metabolism; FXR-

SHP signaling pathway
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*1 PCREI¥IFEFI
Tab 1 PCR primer sequences

514 JF41(5'-3")

i 5'-CATCACTGCCACCCAGAAGACTG-3'

GAPDH )
T 5-ATGCCAGTGAGCTTCCCGTTCAG-3

EXR i 5-GTGGTGGCAAATCCTCCATCAG-3'
T 5-AGATTCGCTGGCGTCAGTGTCT-3

SHp i 5-CCAAGGAGTATGCGTACCTGAAG-3'

T 5-GCTCCAAGACTTCACACAGTGC-3'

i (note) : GAPDH, H- it 18 -3- 5 i JIit U (glyceraldehyde-3-phos-

phate dehydrogenase) ; FXR, 3 JE i X 52 {& (farnesoid X receptor) ;
SHP , /NS R ARIK £ (small heterodimer partner) .
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X7 4% o

2.2 W GERSRZ) 24 HUNREETRR
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YR (CMC-NOWE I, 251697 Rk 6 il

2.3 FAMEHE 6 /MR RER SR
FHMENUE TR ML R 2 20, B 3 H, o — 424
THEEALIAIRYT R 3AFEATHE S K 1 IR 2L
3,553 K B A5 1 h S BERD I EUIN BRI I Sh bk i ;
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Fig 1 Changes in serum ALT, AST, TC, TG and LDL-C levels
in each group (T=+s, n=6)

7 (note) : 5 1E # 41 He 4 (s, control group) ,*P<C0. 01; SR 41 [b
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hexadecahydropicen-3-yl] acetate ( - 8.445
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