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Awake and asleep (REM and non-REM)
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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
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Electroencephalographic tracings from bottlenose dolphins. -

(Adapted from Mujhametov LM. Sleep in marine mammals. In: Borbely AA, ed. 1984 and Purv;’e's
D, Augustine GJ, Fitzpatrick D, et al. Neuroscience, 3rd ed. Sunderland, MA: Sinauer; 2904.)
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P/ AlM mOdell of brain—mind State COhthl: nﬁn'-fapid eye'rﬁovement (NREM): rgpide'yve

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

output gating); ACh, acetylcholine; NA, noradrenaline.
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Regulation of sleep-wake cycle

neuroanatomy and neurophysiology
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Fig. 1. Age-related decrease in hormone production in humans.




Arousal spectrum of sleep and wakefulness

Arousal Spectrum of Sleep and Wakefulness
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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 H, receptors)
«= Norepinephrine (via central a, receptors)
« Acetylcholine (via central M; receptors)
= Serotonin (via several receptors)
« Orexin (also known as hypocretin)

<« Neurotransmitters of sleep
«= GABA (via central GABA, receptors)

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



Orexins (hypocretins) are two neuropeptides (Orexin-A & Orexin-B) secreted from orexin-
containing neurons, mainly in the lateral hypothalamus (LH).

Orexins orchestrate their effects by binding and activating two G-protein-coupled receptors
(GPCRs), orexin receptor type 1 (OX1R) and type 2 (OX2R).

Orexin/receptor pathways play vital regulatory
roles in many physiological processes, especially U
feeding behavior, sleep-wake rhythm, reward

and addiction and energy balance. Orexin Neurons

(hypothalamus)
Furthermore several reports showed that |

orexin/receptor pathways are involved in

pathological processes of neurological diseases

such as n.argolepsy, deprgssmn, |s.chem|c stroke, @0k s
drug addiction and Alzheimer’s disease (AD). | @ 0X, receptor

|
@ OX,/OX, receptors

Wang C et al, Front Mol Neurosci. 2018 Jun 28;11:220;

Confidential. For internal use only. Do not copy or distribute. Gotter AL et al. Pharmacol Rev. 2012 JUI,64(3)389'420




SI eep p h en O ty p eS 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
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Mander BA et al, Neuron 2017
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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
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Autoregulatory feedback mechanisms in the regulation
of circadian clock in the SCN-- Bunney JN, Potkin SG, 2008
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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
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Intervention for insomnia
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herapeutic Goals in Treating Insomnia

Time to fall asleep Number of awakenings

Duration of awakenings * Alertness

e Functioning

Total sleep time




Classification of insomnia

% Primary insomnial: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 cases®

«» Comorbid insomnial-?
= Insomnia associated with
= A mental disorder
= A medical condition
& Substance-induce sleep disorder, insomnia type
= Up to 75% of cases in general practice?

1.American Psychiatric Association. Diagnostic and stastistical Manual of mental disorders 4t 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



NEUROBIOLOGY OF INSOMNIA

psych Interactions between Cognitive, Arousal and Emotional Regulating systems
scene

EXCELLENCE IN PSYCHIATRY

Hypothalamus ARAS

Arousal system
* Reduced OFC control of the emotional regulatory

Overactivation of the arousal system, the system may be associated with complaints of
o nsoificient audate sctivation conld emotion-regulating system and parts of ruminations being unable to ““turn their minds off”
the cognitive system is accompanied by

result in cortical hyper-responsiveness,
which may subjectively be experienced as

hyperarousal

reduced activation of the prefrontal
cortex (PFC) and the caudate head.

o Cognitive Emotion-
system regulating
system

ARAS - Ascending Reticular Activating system
ACC - Anterior Cingulate Cortex
*  PFC- Prefrontal cortex
OFC - Orbitofrontal Cortex
DLPFC - Dorsolateral Prefrontal Cortex

* Increased activation of DLPFC is associated
| pc f Cortical arousal with worry and rumination that may interfere
with sleep initiation and sleep maintenance.

Morin, C. M, Drake, . L, Harvey, A G, Krystal, A. ., Manber, R, Riemann, I), & Spiegelhalder, K. (2015), Insomnia disorder. Nature Reviews Disease Primers, 1, 15026
Espafia RA, Scammell TE. Sleep neurobiology from a clinical perspective, Sleep. 2011 Jul 1;34(7):845-58.
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Thalamus
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Mechanisms of drug treatments
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CNS Drugs 2008: 22(12): 1021-1036



Pharmacological effects and distribution of GABAA receptor a subunits

* Sensorimotor gating = Sedation
| - (\:ogniti\-e impairment - ﬁddéction
» Myorelaxation = Anterograde amnesia
' = Anticonvulsant activity
4 = Premature cortical plasticity

* Sensorimotor gating = Anxiolysis
» Suppression of thalamic oscillations = Antihyperalgesia
| = Myorelaxation = Antidepression
|5 Antihyperalgesia = Cognitive impairments in schizophrenia

* Myorelaxation

30

Nature Reviews | Drug Discovery



Differences in mechanism of action between Ramelteon and
drugs acting on GABAA receptors (BZPs or Z-drugs)

(' Drugs that act on GABAA receptors ) ( Drugs that act on MT1 and MT2 )

(have multiple central nervous system effects apart from sleep) (effects only on sleep awake control or circadian rhythm)

Forgetfulness, anticonvulsant

’ Dependency

Sedation

Muscle
relaxant,
motor ataxia

Respiratory
muscle
inhibition

BZP (Z-drug) sleJ;J medications
affect sleep by controlling the
reticular activating system

= sedating sleep

BZP: Benzodiazepine

Suprachiasmatic
nucleus

Induces MT1/MT2
physiological sleep
and sleep/wake cycle

Ramelteon
normalize sleep/awake regulation
=non-sedating sleep

Jsc®




Orexin receptors and sleep

OX1R, type 1 orexin recepfor; OX2R, type 2 orexin receptor; DR, dorsal raphe; TMN, tuberomammillary nucleus; LDT, laterodorsal
tegmental nucleus; PPT, pedunculopontine tegmental nucleus; LC, locus coeruleus.

The orexin/OXR system strongly involves in regulating the sleep-wake cycle owing to its role in promoting
and sustaining wakefulness

Orexin levels have a significant correlation to the Orexin-1 Receptor Orexin-2 Receptor

- OA levels had significantly higher in the
patients with insomnia disorder than
normal sleepers.

N,

| Ga | [ 6q [Giso]
- OA levels were detected to have a ki Bt s
o ’ . : Drug group 1R antagonist
positive relationship with the course and fecepton artagonis
. = = Compound 5B-334B67 Almorexant TCS-0X2-29
severity of insomnia. SB-408124 SB-549868 INJ-10307049
) SB-6T74042 Suvnorexant EMPA
Because the orexin/OXR system promotes ACT-335827 MK-6095
; . Daridorexant
wakefulness, antagonists that block orexin DORA-22
receptors would promote sleep and inhibit i
wakefulness. l\::*; X
. . A ”/ -H'“-:u.:h “—h-..__
- Single orexin receptor antagonists
L e L I = = -—ﬁ-ll-l-u — ~HeR
’(SURAS] Target nucle [ oA ) [ TN LDT»’PPD ( LC )

.- 2 Dual orexin receptor antagonists (DORAs) Wane C et al. Front Mol Neurosci, 2018 Jun 28:11:220:



I,e.xming Cognitive-Behavior Therapy:
An illustrated ouide

A TS o

IR AU ]
CILERC Y e e B
e 0 ek 3 o Wl ST, T Wi B Jan, T 3, ebad 8. e WD

eRvYeYRNay. ' W AT e T
SAPLAPNERE AN
wrzhrgued RN - A REON A

SN - R
MIzTERY rare 105 ARADTRAIE - (12

RUGADCETR- UM

MMAmErTIMEn. Kfﬂ":

- - ¢°

T
BEER 17

—  SRZZFREEHR W S




