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Neuronal circuitry of 
sleep/wake regulation 
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Hcrt neuronal activity

• Hcrt activity is sufficient to elicit sleep/wake transitions

Adamantidis et al., Nature 2007






Hcrt neurons integrate information to regulate transitions
• Perceptron model
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Functional interrogation of Hcrt targets
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2012 2015

Crystal structure of Hcrt 
receptors
(Li et al., Nature)

Suvorexant Clinical 
Trials
Herring et al., Neurology

Hcrts: Ultimate translational neuropeptides






2017 2022

Small molecule agonists
(Irukayama et all) Daridorexant FDA approval

Mechanism of action of  TAK-925

Hcrts: Ultimate translational neuropeptides



What is the cause of sleep instability during aging?
Hypothesis: Arousal circuits are dysfunctional 
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KCNQ openers: A new pharmacological target for sleep fragmentation
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Li et al., Science (2022)



Sleep intervention strategies

Benzodiazepines
Z-drugs

Ramelteon
Suvorexant
Retigabine



Focused ultrasound
How does it work?



Sleep intervention strategies

• Focused Ultrasound (FUS)

Ultrasound transducer

Optical fiber



Focused ultrasound
Cell-type specific responses in hippocampus



Sleep intervention strategies

• Pulsed Ultrasound (FUS) in thalamus increases sleep



• Characterization of 
Hypocretins/orexins as a Rosetta 
Stone that allows us to decipher the 
circuitry regulating sleep states

• Mechanism of sleep fragmentation
during aging and neurodegeneration

• New translational tools for non-
invasive neuromodulation of sleep/wake 
circuits
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