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Abstract
Dietary flavonoids are widely recognized for their health benefits [1]. To unlock greater therapeutic potential, our group has previously pioneered the targeted synthesis of complex bi- and tri-flavonoids [2]. Furthermore, because colonic microbial metabolites can exhibit greater bioactivity than their parent compounds [3], identifying these specific degradation pathways is an important prerequisite for guiding the future chemical or enzymatic synthesis of advanced therapeutics. Building upon animal studies that highlighted the synthesized luteolin-apigenin (Lu-Ap) dimer as a highly promising candidate, we employed a 72-hour in vitro human colonic fermentation model to map its precise biotransformation and microbiome-modulating capabilities.

We found progressive degradation of the Lu-Ap into seven distinct metabolites, including Lu-Ap rearrangement product, 5′′′-hydroxyl Lu-Ap, mono-methylate 5′-hydroxyl Lu-Ap, 3′,4′,5,7- tetramethyl Lu-Ap, luteolin, apigenin, and 6-hydroxyl luteolin. Concurrently, the dimer induced profound metabolic and microbial restructuring. It significantly stimulated targeted butyrogenesis while effectively suppressing late-stage putrefactive branch chain fatty acids (BCFAs) production. Amplicon sequencing confirmed these shifts were driven by a structurally balanced, highly even microbial community that actively resisted opportunistic bacterial overgrowth. These findings establish the Lu-Ap dimer as a potent prebiotic ecological modulator and successfully identify its key degradation metabolites as prime structural targets for future synthetic efforts.
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