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Abstract
Background: Inflammatory bowel disease (IBD) involves intestinal barrier disruption, microbial dysbiosis, and metabolic dysregulation. Plant-derived exosome-like nanoparticles exhibit anti-inflammatory and antioxidant properties, but their effects on gut microbiota–metabolite interactions remain unclear.
Methods: Citrus exosome-like nanoparticles (CELNs) were isolated and characterized. IBD was induced in C57BL/6J mice with dextran sulfate sodium (DSS), followed by CELNs treatment (1×10¹³ or 5×10¹³ particles/kg/day). Disease severity, histopathology, barrier function, and inflammatory pathways were assessed. Fecal microbiota and metabolites (short-chain fatty acids, bile acids, indole derivatives, branched-chain amino acids) were analyzed by 16S rRNA sequencing and targeted metabolomics.
Results: The CELNs obtained through differential centrifugation combined with sucrose density gradient purification are negatively charged and have a typical cup-shaped nano-sized vesicles. The main component of their lipid membrane is phosphatidylcholine, and they mainly encapsulate crt-miR166a, miR168 and miR171. CELNs alleviated DSS-induced weight loss, colon shortening, and histologic damage. They restored intestinal barrier integrity, suppressed TLR4/NF-κB and NLRP3/caspase-1 signaling, and reduced pro-inflammatory cytokines. CELNs reshaped gut microbiota composition and normalized levels of key microbial metabolites in feces and serum. Additionally, CELNs significantly alleviated colonic oxidative stress and barrier function impairment. Moreover, CELNs remarkably suppressed the TLR4/NF-κB signaling pathway, reduced the secretion of colonic pro-inflammatory cytokines, and attenuated the activation of the NLRP3/caspase-1. Finally, 16S rRNA sequencing and targeted metabolomics indicated that CELNs effectively reshaped the composition of the intestinal microbiota (especially, increasing the abundance of the beneficial bacteria such as g_Bacteroides, g_Faecalibaculum, g_Acetatifactor), and promoted the production of short-chain fatty acids, maintained the balance of bile acid metabolism, promoted the metabolism of tryptophan into indole derivatives, and inhibited the production of branched-chain amino acids.
Conclusions: CELNs ameliorate colitis by coordinately modulating the barrier–immune–microbiota–metabolite axis, highlighting plant exosomes as promising multitarget therapeutics for IBD.

