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Awake and asleep (REM and non-REM) 



Sleep duration across lifespan--- Ohayon MM, 2004



VIP, Vasoactive intestinal peptide, acts as a major synchronizing agent among SCN 
neurons and plays a role in synchronizing the SCN with light cues. Galanin is 

predominantly an inhibitory, hyperpolarizing neuropeptide
Mander BA et al, Neuron 2017



The duration of sleep for adults--- Hobson JA, 1989



Electroencephalographic tracings from bottlenose dolphins.
(Adapted from Mujhametov LM. Sleep in marine mammals. In: Borbely AA, ed. 1984 and Purves 

D, Augustine GJ, Fitzpatrick D, et al. Neuroscience, 3rd ed. Sunderland, MA: Sinauer; 2004.)





AIM model of brain–mind state control: non-rapid eye movement (NREM); rapid eye 

movement (REM) sleep; The x axis represents A (for activation), the y axis M (for modulation) and the z axis I (for input–

output gating); ACh, acetylcholine; NA, noradrenaline.



Regulation of sleep-wake cycle

neuroanatomy and neurophysiology



Brzezinski , A. N Engl J Med 1997 ; 336:186-195 



褪黑激素接受器



Melatonin and Age
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Arousal spectrum of sleep and wakefulness



Major Neurotransmitter Systems Underlying 

Sleep, Arousal, and Sedation

 Sedating agents may inhibit neurotransmitter 

systems of arousal, or augment neurotransmitter 

systems of sleep

 Neurotransmitters of arousal

 Histamine (via central H1 receptors)

 Norepinephrine (via central a1 receptors)

 Acetylcholine (via central M1 receptors)

 Serotonin (via several receptors)

 Orexin (also known as hypocretin)

 Neurotransmitters of sleep

 GABA (via central GABAA receptors)

Jones BE. Trends Pharmacol Sci. 2005;11:578-586.





Sleep phenotypes: a Sleep regulation: S, sleep; W, waking  b |Sleep quantity and qualitynon: 

rapid eye movement (NREM) and rapid eye movement (REM)  a transitional stage 1 (N1), followed by stage 2 (N2) when alpha 

activity disappears, and then N3 or slow wave sleep (SWS) electroencephalogram (EEG)----Chiara Cirelli, 2009



Mander BA et al, Neuron 2017



RHT: retino-hypothalamic tract, PVN: paraventricular nucleus, VLPO: ventro-lateral preoptic nucleus, LH: lateral 

hypothalamus, DMH: dorso-medial hypothalamus, MPO: medial preoptic nucleus, SCN: supra-chiasmatic nucleus



Autoregulatory feedback mechanisms in the regulation 

of circadian clock in the SCN-- Bunney JN, Potkin SG, 2008

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term="Bunney JN"[Author]&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term="Potkin SG"[Author]&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus


Intervention for insomnia





Therapeutic Goals in Treating Insomnia

Sleep Onset Sleep Maintenance

 Number of awakenings

 Duration of awakenings

 Time to fall asleep

Sleep Duration

 Total sleep time

 Alertness

 Functioning

 Vitality

Next-Day Functioning



Classification of insomnia

 Primary insomnia1,2

 Sleep difficulty for ≧ 1 month

 Independent for another sleep or mental disorder

 A clinically significant impairment of functioning

 Not due to substance or general medical condition

 25-30% of insomnia cases3

 Comorbid insomnia1,2

 Insomnia associated with

 A mental disorder

 A medical condition

 Substance-induce sleep disorder, insomnia type

 Up to 75% of cases in general practice3

1.American Psychiatric Association. Diagnostic and stastistical Manual of mental disorders 4th ed text rev(DSM-IV TR)

2.NIH State-of the Science Coference Statement J Clin Slep Med. 2005;1:412-421

3. Leger D, et al. Curr Med  Res & Opin 2005;21:1785-92





Mander BA et al, Neuron 2017
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Mechanisms of drug treatments



BZD site

CNS Drugs 2008: 22(12): 1021-1036



Pharmacological effects and distribution of GABAA receptor α subunits 
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Orexin receptors and sleep
OX1R, type 1 orexin receptor; OX2R, type 2 orexin receptor; DR, dorsal raphe; TMN, tuberomammillary nucleus; LDT, laterodorsal

tegmental nucleus; PPT, pedunculopontine tegmental nucleus; LC, locus coeruleus.




