Dex Improves Synaptic Plasticity via 3-HB–Mediated PGC-1α β-Hydroxybutyrylation
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Introduction. Neonatal hypoxic-ischemic encephalopathy (NHIE) is a major cause of long-term cognitive impairment and is associated with mitochondrial dysfunction, epigenetic dysregulation, and impaired synaptic plasticity. Dexmedetomidine (Dex), a selective α2-adrenergic receptor agonist used for neonatal sedation, has shown neuroprotective potential. However, whether Dex regulates synaptic function through metabolite-mediated epigenetic mechanisms remains unclear. 
Aims. This study aimed to investigate whether Dex confers neuroprotection in NHIE through a “gut microbiota–3-hydroxybutyrate–epigenetic modification” axis.

Methods. A Rice–Vannucci HIE model was established in postnatal day 7 rats. Gut microbiota and metabolites were analyzed by 16S rRNA sequencing and untargeted metabolomics. 3-HB levels, lysine β-hydroxybutyrylation (Kbhb), Kbhb enrichment at the PGC-1α promoter, PGC-1α/BDNF expression, synaptic proteins, synaptic structure, and cognitive function were assessed.

Results. Dex reshaped gut microbiota and increased Lactobacillus rhamnosus abundance, which positively correlated with 3-HB levels. Dex also elevated serum and hippocampal 3-HB. In HIE rats, hippocampal Kbhb was reduced, whereas Dex restored Kbhb and enhanced its enrichment at the PGC-1α promoter in astrocytes. Dex further upregulated PGC-1α and BDNF, restored synapse-related proteins, improved synaptic ultrastructure, and alleviated cognitive deficits.

Discussion. Dex may improve synaptic plasticity after HIE by increasing L. rhamnosus-associated 3-HB and promoting histone β-hydroxybutyrylation at the PGC-1α promoter, thereby activating the PGC-1α–BDNF pathway. These findings suggest a gut microbiota–3-HB–Kbhb–PGC-1α–BDNF mechanism underlying Dex-mediated neuroprotection in NHIE.
