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Abstract: Objective To systematically investigate the regulatory effect of Yinzhihuang Granule on ferroptosis in cholestatic liver
disease (CLD) and its potential molecular mechanism. Methods CLD models were established by bile duct ligation (BDL) and Mdr2”
gene-deficient mice. Mice were randomly divided into the control group, model group, and low- high-dose (3.51, 7.02 g-kg™)
Yinzhihuang Granule intervention groups. The improvement effect of Yinzhihuang Granule on CLD was evaluated by calculating the
liver and spleen coefficients, combined with hematoxylin-eosin (HE) staining, Masson staining, and Prussian blue staining of liver
tissue, and by detecting the levels of serum total bile acid (TBA), alanine aminotransferase (ALT), and aspartate aminotransferase
(AST). The mRNA expression levels of liver fibrosis-related genes (Fnl, Collal, Acta2, Krt19), inflammatory factor gene interleukin-
1B (1I-1p), bile acid metabolism-related genes [farnesoid X receptor (Nr1h4), small heterodimer partner protein (Nr0b2)], key genes in
bile acid synthesis [cholesterol 7a-hydroxylase (Cyp7al)], bile acid secretion transporter-encoding gene bile salt export pump
(Abcb11), and bile acid uptake and excretion-related genes [sodium-taurine bile acid cotransporter (Sic/0al), multidrug resistance-
associated protein 3 (4bcc3)] in liver tissue were detected by real-time fluorescence quantitative PCR (qRT-PCR) technology. The
interaction network of active components of Yinzhihuang Granule-action targets and common targets of CLD and ferroptosis was
constructed by network pharmacology methods to predict key regulatory pathways. The enrichment characteristics of the ferroptosis
pathway in the CLD model were clarified by liver tissue transcriptome sequencing analysis. The levels of oxidative stress indicators
[malondialdehyde (MDA), lipid peroxides (LPO), reduced glutathione (GSH)] and iron deposition in liver tissue were detected by
biochemical kits, and the mRNA expression changes of ferroptosis-promoting genes [long-chain acyl-CoA synthetase 4 (4csl4), ferritin
heavy chain 1 (Fthl), transferrin receptor 1 (Zfic), cytochrome b-245 B chain (Cybb)], ferroptosis-protective genes [glutathione
peroxidase 4 (Gpx4), cystine/glutamate antiporter (Slc7all), glycine transporter 1 (Slc6a9), glutamate-cysteine ligase (Gelc)], and
arachidonic acid metabolism pathway lipoxygenase genes [15-lipoxygenase (4/ox15), 5-lipoxygenase-activating protein (4lox5ap),
12-lipoxygenase (Alox12)] were verified by qRT-PCR. Results Although Yinzhihuang Granule did not significantly reverse the
increase in liver and spleen coefficients in the model group, the high-dose group significantly reduced the levels of serum TBA, ALT,
and AST (P <0.01, 0.001), reduced iron particle deposition in liver tissue (P < 0.01, 0.001), and simultaneously decreased the levels
of MDA and LPO in liver tissue (P < 0.05, 0.01), and increased the level of GSH (P < 0.01). qRT-PCR results showed that compared
with the model group, after high-dose Yinzhihuang Granule intervention, the mRNA expression of Fnl, Collal, Acta2, Krt19, 1l-1p,
and Cyp7al in liver tissue was significantly downregulated (P < 0.01, 0.001), while the mRNA expression of Nr1h4, NrOb2, Abcbl11,
and Abcc3 was significantly upregulated (P < 0.01, 0.001). Network pharmacology analysis screened out 55 common targets of
Yinzhihuang Granule-CLD-ferroptosis, suggesting that its 20 blood-active components may target ferroptosis-related pathways through
multi-component synergy. The results of gene set enrichment analysis (GSEA) indicated that the ferroptosis-related gene sets in the
two cholestasis model groups were significantly enriched compared with the control group. qRT-PCR verification showed that high-
dose Yinzhihuang Granule could significantly down-regulate the mRNA expression of ferroptosis-promoting genes Acsl4, Tfic, (P <
0.01, 0.001), and up-regulate the mRNA expression of ferroptosis-protective genes Gpx4, Slc7all, Slc6a9, and Gcle (P < 0.05, 0.01,
0.001). Conclusion Yinzhihuang Granule can effectively alleviate liver fibrosis, cholestasis and ferroptosis in BDL and Mdr2’ mouse
models, and its mechanism of action may be closely related to the regulation of ferroptosis-related gene expression and the improvement
of oxidative stress levels.
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Fig. 1 Yinzhihuang Granule alleviate liver fibrosis and cholestasis in BDL model mice (X *s, n=5)
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