Laminarin mitigates microglial neuroinflammation via SIRT1-AMPK-driven metabolic reprogramming
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Introduction. Microglial activation drives neuroinflammation through profound metabolic reprogramming, making immunometabolism a promising therapeutic target for neurodegenerative conditions.
Aims. This study evaluates the pharmacological efficacy of laminarin, a marine-derived β-glucan, in reversing immunometabolic dysfunction in lipopolysaccharide (LPS)-stimulated microglia.
Methods. We utilized an in vitro model of LPS-activated microglia combined with cellular metabolic flux analysis and molecular docking simulations.
Results. Laminarin effectively attenuated pro-inflammatory cytokine release and oxidative stress. Mechanistically, laminarin functioned as a potent activator of sirtuin 1 (SIRT1), with molecular docking revealing high-affinity binding of its constituent, laminarihexaose, to the SIRT1 allosteric site. This activation restored cellular NAD+ pools via the salvage pathway and subsequently enhanced AMP-activated protein kinase (AMPK) phosphorylation. Consequently, laminarin successfully prevented the LPS-induced metabolic shift toward aerobic glycolysis and preserved mitochondrial bioenergetics, thereby restoring overall metabolic homeostasis.
Discussion. By therapeutically targeting the SIRT1-AMPK signaling axis, laminarin reverses pathological metabolic reprogramming in activated microglia. These findings highlight its distinct potential as a novel immunometabolic modulator for treating neuroinflammatory disorders.
