Neurobiology of Sleep

= Normal Sleep

Sleep architecture

Wake and sleep mechanism
Circadian rhythm

= Sleep developmental changes

= Common child’s sleep disorders and problems
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Neurobiology of Sleep

REM Sleep NREM Sleep

AMAKE

- H3 2™ (NREM sleep): 75-80%
— 1B (N 1) ME 22 F, Xich 2HCH
- 2 (N2): Zim &, 2Nl S &, Aut e A2 |
- 3EHI(N3J)
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- = (REM sleep, R sleep): 20-25%
— Rapid Eye Movement (il}2 =S X} S=I2)
- BE = & (dream sleep)
— ZZ{22| O] (muscle atonia)

Awake: low voltage - random, fast

Drowsy: 8 to 12 cps - alpha waves.

o b

Stage 1:310 7 cps - theta waves

Stage 2:12 to 14 cps - sleep spindles and K complexes

Sleep spindle

e

Dehta sleep: (stages 3 and 4) 2 10 2 cps - delta waves >75 pV

Sawtooth waves Sawtooth waves
[l 1
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Sleep cycle

: sMovement from Stage 1 to Stage 4 and back to Stage 1

IS%1: -REM Sleep substitutes for Stage 1 sleep during cycle

-Between 90-110 minutes to move through an entire cycle
*Each night = 3 to 5 complete cycles.

n SAt-age'I - 5%
| Stage II 50%

9 Stage 3&4 20% 8
REM sleep 25%
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Neurobiology of Sleep

Larger Met c Rate, Longer Sleep %

‘epglin, Rechtschaffen, 139'4
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o 14t Mouse Metabolic rate & Sleep Duration
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Aging and Metabolic Rate

Metabolic rate (keal/ kg/day) Metabolic amount (kcal/day)

70 1800
LA
60: 1600 ‘
50 -
1400 | -y
\ Male 1200
30
FM 1000
20

10 800, /

o 600
1w 3~ 6= 9= 12w 15— 18- 30— 50~ 70— 1= 3w 6w 9w~ 12w~ 15+~ 18- 30~ 50— 70~

Age Age

— B & (keal/ke/ B)

Female

Total Daily Sleep Time in different

Neonate: : =5 in NREM
1 year old: , 70% in NREM)
2 — 3 years old: 75% in NREM)
Young adults: 75-80% NRE

Newborn infant

1 year old

(\
,\

2 years old ’_\
/—\
1

Infant Child Adolescent Adult Eiderly

10 years old

Adult

AN

infent Child Adolescent Adult Eiderly

6 pm Midnight 6 am noon 6 pm
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(Roffwarg et al, 1966)
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Sleep is active process ?

Sleep-wake cycle even after sensory deprivation

Brain stem regulates the sleep-wake cycle

Evidence

1. C1 cut at rats: normal consciousness

2. Transecting midbrain: permanent synchronized EEG (delta-wave)

3. High-frequency stimulation of midbrain = arousal & desynchronized
EEG

4. Caudal brainstem (medulla and pons) actively generates sleep
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Neurobiology of Sleep

Cerebral cortex activity

(Alertness & sleep)

Tuner
(brain stem and basal forebrain)
Noradrenalin, Serotonin, Acetylcholin
( Histamine, Orexins

v Sensory input

Motor output

Almost all vertebrates do sleep (without REM

except homeotherms)
R ey A Wake WWWWWWMW

L i ol Stage 1 WWM\‘MWM

o Stage 2 wwwww'\!\uwm«)wmmww
g e
R MWWW Stage 3 WWNMWMW

L oty e
Stage 4
(b) =

R L B Alert e
i
& N M M
= 2 2 2\ /2 V2
3 S
(©)
1 2 3 4 5 5 = 3
Reticular Activating System (RAS)
wa kefu I ness determines the level of alertness
g

- ARAS

- Aminergic neuron, cholinergic activity,
excitability glutamate

- Aminergic and cholinergic neurons promote
the wake cycle by direct activation effect on
the cortex

- NE, 5-HT : Arousal, inhibit REM sleep
- Ach : Arousal, REM sleep
- Dopamine & Histamine : wakefulness

YOUR LOGO HERE

20144 et Antste] ME0| Selus

55



22—~ Nonspecific
‘ projections

Midline tegmentum, not lateral
tegmentum

Thalamus

Locus ceruleus: noradrenalin (NA)
i i Specific
Raphe nuclei: serotonin projections
Pontine and basal forebrain:
acetylcholine )
‘ . i ¢ Brainstem
Hypothalamus & midbrain: histamine reticular

‘mation

Sensory
collateral
axons

Ascending
sensol
projections

= Reticular inhibiting system

.‘-é-‘.

Ascending arousal system (monoaminergic nheurons)

Two pathways

Noradrenalin (NA) neuron in locus ceruleus
Serotonergic neuron in raphe nucleus
Histaminergic neuron of tuberomammillary nucleus (TMN) in hypothalamus
- Lateral hypothalamus (medial forebrain bundle) - cerebral cortex
Cholinergic neuron in basal forebrain (supporter)

Histaminergic neuron of TMN in hypothalamus
- excitatory synapse with thalamocortical neuron (TCN, relay N)

Cholinergic neuron in pons (pedunculopontine (PPN) & lateral dorsal tegmental (LdT) nu.)
-> Inhibit GABAergic thalamic reticular neuron (TRN) = excite TRN cells

Summary (monoaminergic neurons)

Cerebral

Corpus
callosum

cholinergic
nuclei

Basal forebrain

cholinergic nuclei
Locus ceruleus

(noradrenergic)

Tuberomammillary
nucleus (histaminergic)
Raphe nuclei
(serotoninergic)
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Neurobiology of Sleep

Non-REM (NREM) sleep

Decreased activity of RAS (except some forebrain Ach)
Low frequency and high voltage EEG (synchronized)
Sleep spindle

Decreased cerebral blood flow, glucose utilization by 40%
No muscle tonus change, postural adjustment

Decreased RR, HR, BP

Increased Gl motility and GH secretion

- Parasympathetic dominant period

NREM sleep

Ventrolateral preoptic area (VLPO) of
ant. hypothalamus
- sleep active neurons
- GABAergic of VLPO
-> ARAS - de-inactivation thalamic
reticular neuron

- post. Hypothalamus, histamine

Thalamus.

VLPO
b’ ® LoTPPT
>

Raphé ®

e

REM sleep

Pontine cholinergic neuron activation (wake-on/REM-on cell)
Desynchronized EEG (high frequency and low voltage)
Occur 90 min after sleep

Absence of muscle tone apart from EOM, middle ear muscle
Dreaming (short-term memory)

Irregular RR, HR, BP, core temperature, penile erection
Metabolically active
-> Sympathetic dominant period
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REM-OFF neurons

REM-ON neurons

Cholinergic Dorsal Raphe

LDT/PPT ;S HT
Locus Ceruleus
: NE

=F Tuberomammillary area
: histamine

IR

Non-REM REM REM-on cells :
Garas REM-off cells .
VY BEAAY A
ERELLASS

Firing rate

o 1] 2 3 4 5 6 I72
Hours since sleep onset

Pontine cholinergic
Active during both wakefulness and REM sleep
Quiescent during NREM sleep

- wake-on/REM-on cells
Others (particularly NA and serofonergic)

Highly active in alert & lower active in NREM
Silent during REM

-> wake-on/REM-off cells
Orexin-using neurons

tuberal regions of hypothalamus
Modulation neuron
-> Maintenance as the state is (awake or REM)

Physiology of NREM sleep

Trigger: hypothalamic nuclei (ventrolateral preoptic area; VLPO)

GABA inhibition
1. to histaminergic neuron in TMN (anfihistamine)

-> TCN hyperpolarized (= burst firing = sleep spindles in EEG)

2. to NA and serotonergic in LC/RN & orexigenic neurons

N\
l-—Ach in PPN/LAT

Decrease activity of all RAS

What makes VLPO excited ?
Suprachiamatic nucleus, elevated core temperature,

endogenous hypnogenic (melatonin, IL-1)
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Neurobiology of Sleep

Physiology of REM sleep

Trigger: Periaqueductal gray matter (REM-on cell) in midbrain

GABA inhibition
to LC/RN cells but not orexin and PPN/LdT cells

/Inhibition of sensory input (GABA)

Further activation of PPN/LAT cells —— & motor output (Glycine)
& basal forebrain cholinergic cells via pontine reticular Nu.

Depolarization of TCN = tonic firing mode (B-wave in EEG)

{

During REM, uncoupling of brain from external world (off-line)
Pons lesion: REM sleep disorder

Periodic PGO (pontine-geniculate-occipital) spikes in
EEG

Mainly during REM from cholinergic pontine reticular nu.

Oculomotor (REM) and vestibular neurons
Phasic alteration of RR, HR, BP
Occasional limb muscle twitches

Lateral geniculate nu. in thalamus and visual cortex
During awake, inhibition by serotonin (startle response)

sleep—wakefulness circuitry

Cerebral cortex

Suprachiasmatic nucleus
(circadian clock)
TCore T

N 1 Muscle tone
Tuberomammillary PGO spikes
nucleus

Histamine Pontine reticular

VLPO nucleus REM-on
PPN/
Orexin LdT Wake-on
REM-on
Thalamus =< €] (cholinergic)
Basal forebrain ¢ LC/
\ cholinergic nuclei RN s Wake-on
REM-off
(noradrenergic/
) serotonergic)
Periaqueductal
gray REM-on
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/—_1\ Cortex

=

Glutamatergic

Thalamic reticular
neuron (GABA)

Thalamic
relay neuron
(glutamatergic)

Hypothalamic Thalamic

Histaminergic interneuron
el
neurons
- Sensory REM-on/
et ¥ Wake-on
VLPO ——————— Orexin

Two mode of firing in thalamus

1. Tonic firing of single action potential
Burst
Awake state and REM (B-wave)
When TCN depolarized by arousal system
- Transmission of sensory input from thalamus to
cortex
2. Burst firing & l e
NREM
When TCN hyperpolarized by loss of stimuli
Synchronized burst of cortical neuron (sleep spindle)
- Limitation of transmission to cortex

(b) L
0.5 sec

3. 8-rhythm

Deepest NREM sleep erife
TCN so hyperpolarized - silent

Decoupling to cortex

Switching between two modes

|
|
% Sleep induction

\

‘ GABA from thalamic reticular neuron

| ->IPSP of thalamocortical neuron
—>hyperpolarization of thalamocortical neuron
1T, activation > Burst > Sleep spindle

Alertness

hypopolarization of thalamocortical neuron
- IT, inactivation - Tonic > 3 wave

Thalamus

Afferent
pathways
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Neurobiology of Sleep

Disorders of sleep—wakefulness

circuitry

1. Narcolepsy
Impairment of orexigenic nucleus that stabilizes awaking or REM as it is
Shift to REM from awake (atonia, dream)

2. Cortical arousal impairment
Cortical origin: mainly metabolic origin
Ascending reticular formation: mainly local damage origin

Hypocretin—containing neurons

Function of sleep

Not known

1. Metabolic hypothesis

Replenishment of energy for brain and non-neuronal tissues
Smaller animals = increased sleep time and metabolic rate
Preoptic area of hypothalamus: body temperature and NREM

2. Memory hypothesis
Consolidation & reorganization during sleep

Waking/REM sleep

g Basal  Septum , ]

0 forebrain H

v Consolidation v
Cortex Hippocampus

Memory transfer to cortex

Sharp waves
Slow-wave sleep

Regulation of wakefulness and Sleep

Homeostatic process S\;
-accumulation of sleep need \
; delta sleep-inducing peptide (DSIP) or } \\\\
Factor S

Circadian

Circadian systems:

1. Sun light \
2. Biologic clock: suprachiasmatic nucleus < . =
3. Circadian rhythms in temperature, Time of day

hormone, fatigue

Ultradian

Ultradian mechanism
- balance between REM and NREM sleep

23
Time of day

= Awake

= Asleep

= Non-REM
= REM

20144 et Antste] ME0| Selus
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Homeostatic process

+ Duration and intensity of sleep

¢ Slow-wave sleep is highly influenced by the amount of
prior wakefulness : good marker

¢ ? REM sleep is much less so.

YOUR LOGO HERE

Retinohypothalamic
act

! \
Suprachiasmatic nucleus | 90 ———
tedhooRh” IR LS

Alarsis
T} A
(suprachiasmatic Nu

Thalamus
Hypothalamus

Brainst \
rainstem Medulla

62 20144 CertAntele| M8 Seluls



Neurobiology of Sleep

SCN is a Neural Clock

Optic
Chiasm
Pituitary

O Location — dorsal to optic chiasm,
lateral to 3™ ventricle
O Composition - dorsomedial : SCNdm, ventrolateral : SCNvl

Inhibition
during
Daytime !

Cervical sympa
ganglion

Howtr [

Thoracic spinal
| ATP | N—acethy\se_rotonin

B r

Melatonin
1|

L

314 Ventricle

HIOMT:5—-hydroxyindole—O—methyltransferase
NAT :serotonin N—acetyltransferase
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_ |
24 hour profile of markers of circadian rhythm R
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E 3704 P ~e— salivary melatonin (poimi) L 4 3
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g 1o
36.54 Trnin

36.74
. . 17:00 19:00 21:00 23:00 1:00 3:00 500 7:00 9:00 11:00 13:00 15:00 17:00
(Dim-light melatonin onset) time

DLMO: most popular circadian phase marker, 2~3 hrs before habitual
bedtime in normally entrained person
Tmin: temperature minimum time, 2~4 hrs before the end of sleep period

N TUCTTIERT

Circadian Rhythm

+ Sleep / wake cycling (timing)
¢ Body temperature

+ Hormone secretion - ACTH, LH, FSH, melatonin,
TSH

¢ Cardiopulmonary variables - blood pressure, HR,

pulmonary function

¢ Gastric acid secretion

YOUR LOGO HERE
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Neurobiology of Sleep

37.5

| !
e  s7o /\/
o) 36.5 '
36 0 P
} Prolactin
DEIS : (ng/L)
(g/100ml) :
R PTH
; (pg/ml)

Activity
dominant
wrist)
Relative Clock Hour

PN
(ml/min)
TSH %
(mU/L)

o=Nws

16 24 8 16 16 24 8 16
Relative Clock Hour
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Effect of Zeitgeber
; Phase relationship
« Entrainment strength

- strength of zeitgeber

- sensitivity of | "7 %

- weakening wi =

o

/\/
e
V\QX

» Circadian systems: Major functions in
the human body cycles over a period of
approx. 24 hours.

£

hl

* e -
j> RHT 4P

RHT: retinohypothalamic tract
SCN: suprachiasmatic nucleus

=
o
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Circadian Clalels

- de Marian (250 yrs ago)
“Circadian rhythms persist

even when an organism is
isolated from time cues.....”

Circadian pacemaker
: Biological clock

Post-Lesion

Time of Day (hrs)

Sleep Regulation

Fatigue
Induce
Sleep

Homeostasis

Sleep
During
Night

Biological
Clock

Sleep

Substances

SCN
Light
Melatonin
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Neurobiology of Sleep
I

* Seoul

rtificial lighting facilitates extende
akefulness

‘e ' KOREA
o ‘ 'ORGANIZATION
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