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Abstract

Objectives: Hypertension is an independent risk factor for the occurrence and development of chronic
cardiovascular diseases, and vascular remodeling (VR) is a core link in the formation of hypertension. During
this process, vascular smooth muscle cells (VSMCs) transform from a contractile phenotype to a synthetic
phenotype and exhibit excessive proliferation and migration capabilities, which are the key mechanisms
driving VR in hypertension. Isoliquiritigenin (ISL), a natural isoflavone compound extracted from the roots
of licorice, has been shown to have antihypertensive properties. However, its role and related mechanisms in
VR of hypertension remain unclear. This study aims to explore the protective effect of ISL on VR in
hypertension and its regulatory mechanism, thereby providing new theoretical basis and potential drug targets
for the clinical prevention and treatment of VR in hypertension.

Methods: 1. In vivo animal experiments: To observe the effect of ISL on vascular remodeling (VR) in
hypertension. Twelve 6-8-week-old male Wistar-Kyoto rats (WKY) and eighteen spontaneously
hypertensive rats (SHR) were randomly divided into five groups: the WKY group, the WKY + ISL (40
mg/kg/d) group, the SHR group, the SHR + ISL (40 mg/kg/d) group, and the SHR + valsartan (Val, 10
mg/kg/d) group. Each group was given intragastric administration for 10 weeks. During this period, body
weight was recorded and blood pressure was measured every two weeks. After the administration, aortic
tissues were collected. H&E staining was used to observe the thickness of the vascular media and the diameter
of the lumen and calculate their ratio. Masson staining was used to assess the degree of fibrosis. The
expression of 0-SMA and OPN was detected by immunofluorescence double labeling. The expression of
PCNA, MMP2 and MMP9 was detected by immunohistochemistry. The expression levels of related proteins
were detected by Western blot. 2. In vitro cell experiments: To explore the effect of ISL on abnormal
proliferation, migration and phenotypic transformation of primary vascular smooth muscle cells (VSMCs).
Primary VSMCs from WKY and SHR rats were isolated and identified by enzymatic digestion. The
inhibitory effect of ISL on cell viability and proliferation was detected by CCK-8 assay, and the dosage was
determined accordingly. The cells were divided into the WKY group, the WKY + ISL-H (60 uM) group, the
SHR group, the SHR + ISL-L (40 uM) group, the SHR + ISL-M (50 uM) group, and the SHR + ISL-H (60
uM) group. Cell proliferation was evaluated by EDU staining. Cell migration ability was detected by scratch
assay and Transwell assay. The expression of a-SMA and OPN was detected by immunofluorescence
staining. The expression levels of related proteins were detected by Western blot to clarify their regulatory
effects. 3. Combining bioinformatics and experimental verification to explore the potential targets and
mechanisms of ISL in improving hypertension VR. Key targets and regulatory pathways were predicted by

network pharmacology and molecular docking. The binding of targets and drugs was further verified by
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molecular dynamics simulation and cellular thermal shift assay (CETSA). The expression of related proteins
was detected by Western blot in in vivo and in vitro experiments to clarify their regulatory effects.

Results: 1. The results of in vivo animal experiments showed that ISL could improve VR caused by
hypertension. There was no significant difference in body weight among the groups of rats. After 10 weeks
of administration, ISL (40 mg/kg/d) could significantly reduce the blood pressure of SHR rats, and the
antihypertensive effect was close to that of the positive drug Val. H&E staining results showed that obvious
VR occurred in the SHR group, and ISL intervention could reduce the thickness of the aortic media and
improve the arrangement of VSMCs. Masson staining results indicated that both ISL and Val could alleviate
the thickening of the vascular wall and collagen deposition, and simultaneously improve the disordered
arrangement of VSMCs. Immunofluorescence double staining and imaging results showed that the
expression of OPN was increased and the expression of a-SMA was decreased in the SHR group, and ISL
and Val intervention could reverse this phenotypic transformation. There was no significant change in the
WKY + ISL group compared with the WKY group. Immunohistochemical results showed that the
expressions of PCNA, MMP2 and MMP9 were significantly increased in the SHR group, and these indicators
were significantly decreased after ISL and Val intervention. There was no significant difference between the
WKY + ISL group and the WKY group. 2. In vitro cell experiments showed that ISL could inhibit the
proliferation, migration and phenotypic transformation of VSMCs from SHR rats: CCK-8 results indicated
that 10-70 uM ISL had no obvious cytotoxicity and could inhibit the proliferation of SHR VSMCs in a
concentration-dependent manner. EDU, scratch and Transwell experiments demonstrated that ISL could
significantly inhibit the proliferation and migration of VSMCs. Immunofluorescence and Western blot results
showed that ISL could up-regulate the expression of a-SMA, down-regulate the expressions of OPN, PCNA,
MMP2 and MMP9 proteins, and promote the phenotypic transformation of VSMCs from the synthetic
phenotype to the contractile phenotype. 3. Network pharmacology analysis indicated that the
EGFR/SRC/STAT3 signaling pathway might be the key mechanism by which ISL improves VR in
hypertension: A total of 583 targets were screened. Molecular docking, GO and KEGG enrichment analysis
showed that EGFR, SRC and STAT3 were the core targets. Molecular dynamics simulation and CETSA
confirmed that ISL had high affinity for EGFR. Western blot results in vivo and in vitro showed that the
expressions of p-EGFR, p-SRC and p-STAT3 were increased in the SHR group, and ISL could reduce the
phosphorylation levels of these proteins without affecting the total protein levels. The addition of EGFR
inhibitor Gef and agonist EGF revealed that ISL or Gef could reverse the abnormal proliferation, migration
and phenotypic transformation of VSMCs in the SHR group, while EGF aggravated this phenomenon,
confirming that ISL might exert its effects by regulating the EGFR/SRC/STAT3 pathway.

Conclusions: ISL may inhibit the abnormal activation of the EGFR/SRC/STAT3 signaling pathway,
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thereby suppressing the proliferation, migration and phenotypic transformation of VSMCs under

hypertension conditions, and thereby improving hypertension-induced vascular remodeling.

Key words: Hypertension; Vascular Remodeling; Isoliquiritigenin; Network Pharmacology; EGFR
signaling pathway
Research Type: A (Basic Research)
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