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Arginine Metabolic Disorder in Heart Failure Rats: Analysis Based on

Targeted Metabolomics and Bioinformatics
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[Abstract] Objective: This study systematically analyzed the arginine metabolic dysregulation in the rat model of heart
failure (HF) , providing a modern scientific basis for elucidating the pathogenesis of HF and offering new insights for the
prevention and treatment of HF with traditional Chinese medicine (TCM ). Methods: A thoracotomy was performed to ligate the
left anterior descending coronary artery of rats, which induced acute myocardial ischemia and thus led to the development of post-
myocardial infarction heart failure. The rats were divided into a sham surgery group and a model group, with eight rats in each

group. Serum targeted metabolomics analysis was performed using ultra-performance liquid chromatography-triple quadrupole mass
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spectrometry (UPLC-TQ-S) , and the spatial distribution of metabolites in cardiac tissue was observed using airflow-assisted
desorption electrospray ionizationmass spectrometry imaging (AFADESI-MSI). Targets associated with HF and arginine
metabolism were screened from databases including GeneCards and the Gene Expression Omnibus (GEO) , a protein-protein
interaction (PPI) network was constructed, and enrichment analysis of the Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway and Gene Ontology (GO) was performed. Finally, molecular docking was conducted to verify the binding between core
metabolic components and key targets, and potential TCMs were predicted based on the core pathways and targets. Results:
Compared with the sham surgery group, the levels of arginine and citrulline in the serum of model rats were significantly decreased
(P<0.01), while those of proline, ornithine, creatine, creatinine and glutamate were significantly increased (P<0.05, P<0.01).
Cardiac mass spectrometry imaging showed a decreased abundance of arginine in the local myocardial tissue. Bioinformatics
analysis identified 24 core functional targets, such as the angiotensin-converting enzyme (ACE) , neuronal nitric oxide synthase
(NOS1), 5-hydroxytryptamine receptor 2A (HTR2A) , and epidermal growth factor receptor (EGFR) , and enrichment analysis
indicated that these targets were significantly involved in the calcium signaling pathway, neuroactive ligand-receptor interactions,
and phosphatidylinositol signaling pathway. Molecular docking confirmed strong binding activities between arginine, citrulline and
HTR2A, as well as between creatine, creatinine and EGFR. Based on pathway-target prediction, potential TCM interventions,
such as ginseng and magnolia, were identified. Conclusion: This study revealed characteristic arginine metabolic disorder in HF,
and the core targets of HF were closely associated with the phosphatidylinositol signaling pathway. It provides a modern biological
interpretation of the pathogenesis of HF in TCM from the perspectives of metabolites and signaling pathways, and offers valuable
insights for targeted therapy of HF and the development of TCM.
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Table 3  Prediction of targeted Chinese medicines based on
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