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We developed a novel molecular imaging system using a coherent anti-Stokes

Raman scattering (CARS) process to understand mechanisms of sleep. This technique enabled label-free
visualization of membrane potentials and detailed observation of molecular distributions in the
mouse brain. Specific SHG signals were detected in the mouse hippocampus and ventricles, originating
from the primary cilia of neurons and the cilia of ependymal cells in the ventricular surface. This
finding suggests a new method to visualize waste product clearance from the brain during sleep.
Research using nematodes identified neurons that promote sleep, showing that an increase in
intracellular calcium levels is involved in the molecular mechanism of sleep homeostasis.
Additionally, it was discovered that endoplasmic reticulum stress in actively working tissues
triggers sleep, with PERK and elF2a as key molecules. These findings open new avenues for
understanding the complex mechanisms of sleep.
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