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Summary

High-Fat Diet (HFD)-induced obesity is increasingly recognized as a major driver of
cognitive decline and unhealthy brain aging, largely through metabolic dysfunction and
chronic neuroinflammation. The hippocampus, a brain region essential for learning and
memory, is particularly vulnerable to these alterations, which disrupt neural stem cell
(NSC) activity and impair neurogenesis. This project aims to evaluate the therapeutic
potential of two bioactive compounds, D-Pinitol and Oleoylethanolamide (OEA), in
restoring hippocampal homeostasis by targeting microglial activation and metabolic
imbalance.

D-Pinitol, a natural insulin sensitizer, is expected to improve impaired insulin signaling,
thereby enhancing the metabolic environment of the neurogenic niche. OEA, an
endogenous lipid mediator and PPAR-a agonist, is known for its potent anti-inflammatory
properties and is anticipated to suppress microglial reactivity and improve mitochondrial
efficiency. Both compounds can cross the blood-brain barrier, supporting their potential as
systemic therapeutic agents.

Using complementary in vivo and in vitro approaches, including hippocampal slices from
HFD-fed mice, transcriptomic profiling of human microglial cells, and functional co-culture
systems with NSCs and astrocytes, this study will define how these compounds modulate
microglial states and their downstream effects on neurogenesis. Additionally, direct effects
on NSC proliferation, differentiation, and survival will be investigated to distinguish niche-
mediated from cell-autonomous mechanisms.

By integrating molecular, cellular, and functional analyses, this project will provide novel
insights into microglia-driven neurogenic impairment and assess innovative strategies to
preserve hippocampal plasticity and cognitive resilience under metabolic stress. These
findings may support the development of targeted interventions to mitigate
neuroinflammation-associated cognitive decline during aging.
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