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Abstract: Objective To explore the molecular association mechanism of metabolites derived from gut microbiota in the comorbid
development of diabetic cardiomyopathy (DCM) and heart failure (HF), and predict potential core intervention Chinese herbal

medicines through the method of reverse network pharmacology. Methods Gut microbiota-derived metabolites and their
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corresponding targets were retrieved from the gutMGene database, with target prediction performed using the Similarity Ensemble
Approach (SEA) and SwissTargetPrediction databases. Targets related to HF and DCM were obtained from databases such as
Genecards and OMIM, and the common targets were identified. The intersection of the eight predicted microbial metabolites and the
common targets of disease was obtained, and then the second intersection was made with the 238 experimentally validated microbial-
related targets collected by gutMGene to obtain a candidate target gene set. Core targets were validated through protein-protein
interaction (PPI) network analysis, Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment
analyses, and molecular docking techniques. Drug similarity and toxicity were evaluated using SwissADME and ADMETlIab 2.0 tools.
TCM chemical components were retrieved in a reverse manner from the Traditional Chinese Medicine Systems Pharmacology Database
and Analysis Platform (TCMSP). Finally, TCMs were matched based on their active components, and their core pharmacological
effects were interpreted in light of the TCM theories of property, flavor, and meridian tropism. Results A total of 251 gut microbiota
metabolites and their targets were obtained; 16 136 HF-related targets and 6 445 DCM-related targets were screened, and 6 301 common
targets were identified. PPI network analysis yielded 46 core targets, among which AKT1 and IL-6 were identified as core hub proteins.
KEGG pathway enrichment analysis indicated that the lipid and atherosclerosis signaling pathway plays a pivotal role. Molecular
docking assays confirmed that butyrate exhibits strong binding affinity to AKT1. The drug similarity screening results showed that
butyrate and acetate have good application prospects, and neither of them exhibits hepatotoxicity nor cardiotoxicity. Microbe-
metabolite-target-signaling pathway network analysis emphasized that Roseburia and Clostridium are the core bacterial strains
regulating the lipid and atherosclerosis signaling pathway. Reverse screening identified 445 TCMs, among which 85 TCMs with a
Degree value > 6 were predominantly characterized by cold property and bitter flavor. TCMs with a Degree value > 20 include
Glycyrrhizae Radix et Rhizoma, Dalbergiae Odoriferae Lignum, Salviae Miltiorrhizae Radix et Rhizoma, and Corydalis Rhizoma.
Conclusion This study elucidated the role of the regulatory network of gut microbiota-metabolites-targets-signaling pathways in the
comorbidity of DCM and HF, providing a theoretical framework for the therapeutic application of gut-derived metabolites in treating
DCM complicated with HF. Meanwhile, core TCMs are identified, whose property combinations are consistent with the core TCM
pathogenesis of “root deficiency and superficial excess, intermingled phlegm and blood stasis”. These findings offer a candidate drug
library, compatibility theoretical support, and molecular mechanistic basis for the syndrome differentiation and formula composition
in the clinical management of this comorbidity.

Key words: gut microbial metabolites; diabetic cardiomyopathy; heart failure; comorbidity mechanism; core traditional Chinese medicines
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Table 2 Results of druggability analysis of intestinal microbiota metabolites

Uik MW HBA HBD MlogP Lipinski’s violations OB/% TPSA
LR 59.04 2 0 -0.36 0 0.85 40.13
TR 87.10 2 0 0.42 0 0.85 40.13
AR R 73.07 2 0 0.04 0 0.85 40.13
TMAO 75.11 1 0 -1.02 0 0.55 29.43
F 3 BERERRH S HE
Table 3 Toxicity profiles of intestinal microbiota metabolites
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LR Ak BEL W7 1 R 1 B 1 A 2.597
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AR A BH W7 I 1 I 1 9 1 9 14 3.158

TMAO S W 771 BH 14 9 14 9 14 [ 14 1.887
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Table 4 Core Chinese medicinal herbs for DCM-HF

%i's WE  OB/% ZKZjM% Degree H
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