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Abstract

Research objective: 5-FU is a classic antimetabolite chemotherapeutic agent widely used in the treat-
ment of various solid tumors. However, 5-FU can induce significant cardiotoxicity, with clinical studies re-
porting an incidence ranging from 1.5% to 18%. Isoliquiritigenin (ISL), a natural flavonoid compound de-
rived from the roots of licorice and other plants, exhibits multiple biological activities, including anti-inflam-
matory, antioxidant, antidiabetic, and cardioprotective effects. To date, systematic studies on how ISL inter-
venes in 5-FU-induced cardiotoxicity and its underlying mechanisms remain insufficient. Therefore, this
study aims to identify the core targets and associated signaling pathways through which ISL exerts its cardi-
oprotective effects, elucidate its mechanism of action, and provide new theoretical foundations and potential
intervention strategies for the treatment of cardiovascular diseases.

Research methods: (1) Animal experiments: C57BL/6 mice were used to establish a chemotherapy-
induced cardiotoxicity model via intraperitoneal injection of 5-FU. The experiment consisted of two parts.
In the first part, mice were divided into Control, 5-FU, 5-FU+ISL-L (20 mg/kg), 5-FU+ISL-M (40 mg/kg),
5-FU+ISL-H (80 mg/kg), and positive control 5-FU+UTA groups. After model establishment, different doses
of ISL were administered by gavage for 16 days. In the second part, mice were divided into Control, 5-FU,
5-FU+ISL-M (40 mg/kg), and 5-FU+ISL+CH-223191 groups, with the AhR inhibitor CH-223191 used to
identify key pathways. Cardiac function parameters (EF%, FS%, CO) were measured by M-mode echocar-
diography. Histopathological features and fibrosis degree of myocardial tissue were assessed by H&E and
Masson staining. Serum levels of cardiac injury markers CK-MB and BNP were detected. Western blotting
was performed to measure the expression of antioxidant proteins (Nrf2, HO-1, NQO1), apoptosis-related
proteins (Bax, Bcl-2, cleaved caspase-3), and proteins of the AhR-CYP1A1 pathway. (2) Cell experiments:
An in vitro 5-FU-induced injury model was established using H9¢2 cardiomyocytes. After determining the
optimal modeling concentration, cells were co-treated with ISL (20, 40, 80 uM) for 48 hours and divided into
Control, 5-FU, and 5-FU+ISL groups. To validate the molecular mechanism, AhR expression was silenced
by plasmid transfection, and cells were divided into Control, NC, NC+5-FU, NC+5-FU+ISL, sh-AhR+5-FU,
and sh-AhR+5-FU+ISL groups. Cell viability was assessed by CCK-8 assay. Mitochondrial membrane po-
tential and reactive oxygen species levels were measured by JC-1 staining, flow cytometry, and DCFH-DA
staining. The expression levels of antioxidant and apoptosis-related proteins were quantitatively analyzed by
Western blotting. (3) Transcriptomic analysis: Samples of H9¢2 cells under three conditions (Control, 5-FU,
and 5-FU+ISL at 40 pM) were subjected to transcriptome sequencing. Combined with network pharmacol-

ogy analysis, differentially expressed genes were screened and enrichment analyses were performed. The



protein expression levels of the key pathway targets AhR and CYP1A1 were verified by Western blotting to
further clarify the core signaling pathway regulated by ISL.

Research results: (1) Animal experiments: In the first part of the animal experiment, In the 5-FU group,
cardiac function parameters (EF%, FS%, CO) were significantly lower than those in the Control group, ac-
companied by higher serum concentrations of CK-MB and BNP, and evident pathological damage and fibro-
sis in myocardial tissue. Concurrently, Nrf2, HO-1, NQO1, A reduction in Bcl-2 expression was observed,
accompanied by an elevation in Bax and cleaved caspase-3 levels, two pro-apoptotic proteins, were upregu-
lated. Compared with the 5-FU group, ISL intervention significantly improved cardiac function, restored
myocardial morphology and fiber arrangement, ISL dose-dependently upregulated antioxidant and anti-apop-
totic proteins and downregulated pro-apoptotic proteins. In the second part, after administration of the AhR
inhibitor CH-223191, the combined intervention group showed further improvement in cardiac function,
significantly reduced myocardial pathological changes and fibrosis, Nrf2, HO-1, NQO1. In comparison to
the 5-FU group, anti-apoptotic protein expression was upregulated, whereas pro-apoptotic protein expression
was downregulated. (2) In the first part of the cell experiment, 5-FU intervention markedly reduced H9c2
cell viability, induced mitochondrial membrane potential loss, and promoted ROS generation compared with
the Control group. Conversely, ISL treatment reversed these effects and enhanced cell viability in a concen-
tration-dependent manner, ameliorated mitochondrial damage, reduced oxidative stress levels, increased ex-
pression was observed for Nrf2, HO-1, NQO1, accompanied by an increase in Bcl-2 expression and a de-
crease in Bax and cleaved caspase-3 levels. In the second part, compared with the NC+5-FU group, silencing
AhR expression reversed the protein expression of Nrf2, HO-1, NQO1 and Bax, Bcl-2. When ISL interven-
tion was combined with AhR silencing, the reversal of these oxidative stress- and apoptosis-related protein
markers was further amplified. (3) Transcriptomic analysis: Transcriptome sequencing combined with net-
work pharmacology analysis revealed that 5-FU intervention significantly upregulated CYP1A1 mRNA lev-
els, whereas ISL intervention downregulated CYP1A1 expression. Enrichment analysis further suggested
that ISL may inhibit 5-FU-induced oxidative stress and apoptosis in cardiomyocytes by regulating its up-
stream target AhR, thereby affecting the AhR-CYP1A1 pathway and alleviating cardiotoxicity.

Research conclusion: ISL attenuates 5-FU-induced oxidative stress and apoptosis through regulation of
the AhR-CYP1A1 pathway, thereby alleviating 5-FU-induced cardiotoxicity.

Key words: 5-fluorouracil; isoliquiritigenin; oxidative stress; apoptosis; AhR-CYP1A1 pathway
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