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Why do sleep deprivation studies?

• Understand sleep physiology

• Mechanisms of sleep disorders

• Interaction between sleep and psychiatric diseases

(Modified from Moyer et al., Trends in Genetics, 2021)



Using rodents to study sleep

• Differences 
o Nocturnal
o Polyphasic

• Similarities 
o NREM sleep, REM sleep
o Homeostatic regulation 
o Conserved NREM and REM sleep regulatory brain regions

• Advantages 
o Genetics
o Tools
o Behavioral models



Sleep manipulation goals

• Acute sleep deprivation

• Chronic sleep disturbance

• Sleep enhancement

NREM/REM sleep 
selective manipulationsX



Sleep manipulation methods

• Gentle handling (acute; total sleep deprivation)

• Automated devices (chronic; NREM/REM selective)

Signal Solutions LLC

References: Gross et al., 2015; Bjorness et al., 2020; Stoebe et al., 2003; Leenaars et al., 2011; Puhl et al., 
2013; Pinnacle brochure; Lafayette brochure 



Sleep manipulation methods: 
chronic REM sleep deprivation/fragmentation

• Inverted flowerpot method
• Modified treadmill system

References: Jouvet et al., 1964; Cohen and Dement, 1965; Everson et al., 1989; Hughes, et al., 
2013; Chen et al., 2015) 

• Effectiveness for sleep disturbance
• Stress
• Software implementation
• Feasibility
• Cost
• IACUC approval



Sleep enhancement

NREM/REM 
selective manipulationsX

• Sleep deprivation-rebound

• Temperature control

• Sleep network manipulations



Sleep enhancement

• Sleep deprivation-rebound

• Temperature control

• Sleep network manipulations



Dark-phase REM sleep restriction/Light-phase rebound

24 hr12 hr0 hr



Dark-phase sleep restriction: REM redistribution

(Chen et al., JNS, 2015)



Sleep enhancement

• Sleep deprivation-rebound

• Temperature control

• Sleep network manipulations



Ambient/body temperature and sleep

(Hamanishi et al., PLOS ONE, 2019)

(Kräuchi et al., Nature, 1999)

(Komagata et al., Curr Biol, 2019)



Sleep enhancement

• Sleep deprivation-rebound

• Temperature control

• Sleep network manipulations



Sleep network manipulations: Optogenetics

(Drew et al., Sleep Med Res, 2018)



Sleep network manipulations: Optogenetics

(Drew et al., Sleep Med Res, 2018)



Closed-loop, sleep state-dependent stimulation

Jidong Fang 

(Penn State)
Rong Guo



Sleep-stimulation of LH MCH neurons increase REM sleep

(Guo et al., Biological Psychiatry, 2022)



Sleep manipulation goals

• Acute sleep deprivation

• Chronic sleep disturbance

• Sleep enhancement

NREM/REM 
selective manipulationsX
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