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Date Events
1818  John Cheyne and John Stokes described Cheyne-Stokes respiration
1880  Gelineau described the clinical features constituting namcolepsy
1907  Lependre and Plaron Induced sI2ep In dogs by SOmINESLENNg Serum obiained

from sleepy dogs
1920  Kieitman reportad that sieep deprivation resulted In INCreased sieepiness
1928  Discovery of electroencephalography by Berger
1930  Berger first described beta waves
1836  Harvey and Loomis proposed classiying sieep electroencephalography &8s stages

AB,C,D and E
1539  Publication of Nathanlel Kieitman's book Sleep and Wakefulness
1944  First gescription of defta and theta waves by Walter and Dovey
1945  Karl Ekbom described restiess legs syndnome
1949  Discovery of reticutar formation by Moruzz and Magoun
1853  Discovery of REM sleap by Aserinski and Klaftman
1960  Sleap onset REM periods (SOREMPS) In narcolepsy described by Vogel
1965  CHinical description of cbstructive sieep apnea by Gastault, Tasinar, Duron, Jung,

and Kunio
1968  Publication of Rechischaffen and Kales' Manual of Standsrdized Terminoiogy,

Techniques 5nd Scorng System for Sieep Stages of Human Subjects

19E2 Mittler Introduced the Malnfenance of ‘Wakefulness Test

1870  Dement established first clinical sleep laboratory at Stanford
1975  Creation of American Sleep Disonders Association 1sE2  First oral device described by Samuetson
1977  Publication of Carskadon's Multiple Sleap Latency Test 1986  Schenck reported on features of REM sleep behavior disorder
1978 First actigraphy device described by Krupke 1941 Publlcation of Epworth Sleepiness Scale by lohns
1381 First report on inulopatatopharyngopiasty by Fugita 1902  Guilleminault described upper alrway resistance syndrome
1381 Sullvan described continuous positive siregy pressure therapy of cbstructhe

Elzap apnes 1500 Description of link of mWpocretin (orexdn} and narcolepsy
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Noon

High alertness
Best coordination

Highest testosterone secretion 14:30

09:00
Bowel movement likely 08:30

Fastest reaction time
15:30

Melatonin secretion stops Greatest cardiovascular efficiency

07:30a : _ and muscle strength

Sharpest rise 17:00

18:00

18:30Highest blood pressure
19:00 Highest body temperature
Lowest body temperature 04:30

21:00 Melatonin secretion starts

02:00

Deepest sleep 22:30

00:00 Bowel movements suppressed
Midnight
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circadian rhythm

lens

light -

460-500 nm wavelengths

400 nm 500 nm 600 nm 700 nm

' Light

Activated by sunlight during daytime,
SCH project inhibitory information to
PWHN in hypethalamus. The long axens
of PVN then send nerve pulses down
to the preganglianic sympathetic
neurons of the spinal cord, which in
turn modulate the activity of the superior
cervical ganglia. The latter further project
to the pineal gland to regulate the secretion
of melatonin.

The circadian rhythm can be disrupted:

. Exposure fo 400-500nm light at night

"W

’ Mot receiving the light in the morning

Jet lag - results in an imbalance of

w neurctransmitters and hormones
) 4

Shift work where workers are exposed to visible light at night
de-regulates a gene involved in controlling the circadian rhythm.

will either disrupt the clock gene function or cause activation of
the 'wake state' of the circadian cycle at an abnormal time, such
as in the evening.

0 Exposure to light at abnormal times or due to change in location

Kipkadiot puBuoi

YTEPXLOOMATIKOG
nupnvoc utoBaiapou

nal gutput to SCN

superior cervical
ganglia

preganglionic
sympathetic
neurons




Ta xapaktnELOTIKA TOL VTTVOV

Loumepipopiko yeyovogs: avalitnon anopovwong Kot
QMOOoTEPNONG Ao epebiopata, OKOTEWO TEpLBAAAOVY,
KOTAKALON, EAATTWON ETULPAVELAC CWUATOC, KAELOLLLO HOTLWV

‘Evapén Tov 0Ttvov: evepyomnoinon KEVIpWY Tou UTVOU,
KOTOLOTOAN KEVTPWV EYPNYOPONC, ETKPATNON CUYKEKPLUEVWV
veupolSLaBLBaotwy Kol opuovwy, Tpomomoinon tTng
AELTOUPYLAC TWV OPYOVIKWY CUCTNUATWVY

MOST POPULAR SLEEPING POSITIONS

|

Foetus Yearner SOIdIer mealllr Starfish
41% 15% 13% 5%
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Average Daily Sleep Totals
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Why do , we -
Sleep?
Though scientisis have

many theories, the function
sleep serves is still a mystery.

It was once thought that
wakefulness was the natural
stale of the brain and that
slegp represented a general-
ized decrease in brain
activity,

It's now known that sleep and
wakefulness are both
“active™ states, controlied by
specific groups af brain
struciures,

SOURCES: Harvard Medical School, Microsofl Encarta Encyclopedia

Clay Frost / MSMNBC

Effects of
Sleep deprivation
- Inritabiliny -
- Cognifive Impaimment =
- Memorny lapses or boss
- Impaired moral
pudgement
- Seyere yEWTIENG
- Halludin aons
- Symptoms samilar
o ADHD

- Increased heart rate varia bty
~ Risk of hean disease

- Increased

reacBon time

- Decreased ACCWracy
% - Tremaors

- Impaired mmune | - Aches
system ]
1 Gither:

i .-'_._"‘_ I

s |

- Risk of diabetes - A
Type 2 ?}I_-“': = %

! emperature
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As Sean On

M n aéla tou
UTIVOU

[IAnpn eAdedn
UTIVOV: €lval acupfotn
pe Tt Qwn

Mepikn otépnon
UTIVOD: OLOTOPOXEC
OUYKEVTPWONC,
KOTOLOALTTTLKO
ocuvoiloOnua, vrtvnAla,
KOTtwaon,
UTTEPKATAVAAWGN
voatavOpaAKwV.




H OYYXLIOAOI'IKH AIAKYMANXH
TOY EIIIIEAOY XYNEIAHXHX

ETPHTOPXH -
ITapddoén etoodo oe REM

o KataOAupm
* NapkoAnyia

* Xpoviwx otepgnon REM otadiov
NREM

]

REM

* Epapuoyr CPAP




Midnight

12 pm Noon

/ Deep Sleep
—< 6 am

24 hour - sleep / dream cycle

3 am

B REM Dreaming Sleep

Awake

Note: This chart is based on a
9 am normal 8 hour night of sleep with
a 90 minute Ultradian Rhythm.
Table 1-3.  Percentapes o sleep stages In neaithy aoults

skeep stape Percentage of total sleep time
Stage 1 2-5%

Stage 2 A5-55%

Stage 3,4 5 201%

Stage REM I0-25%
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Avatoutla ™G €YQNYOQOTG

EYKEPAAKO OTEAEXOG: DIKTLWTOG

OXTNUATLOMOG TNG YEPLEAGS KAL TOV
ueoeyke@aAov (Ach, Glou), kevtowm
KaAvTtokn) eploxn (Dop), vtopeAag
toTt0G (NA)

oTtlo010g vtoOaAapog (His)
tAayLog vrtobaAapuog (Hypocr)
oo 010¢ eyképaAog (Ach, Dop)



ATIO TNV €ypnyopcon otov UTIVO

State Meural systems Neurotransmitters
Wakefuiness  Bralnstem reticular formation (RF) (medullary, orsl pontine,  Acetyicholing
and midbraln) Dopamine
Caudal diencaphalon {posterior hypothalamus, Glutamate
subthalamus, and waniral thalamus) Histamine
Intrataminar thatamic nuclel Hypocretin {orexn)
Dorsolateral tegmental and pedunculopontine nucled Norepinephrine
Locus cemnleus Sarotonin
Dorsal rapha Peptides that are important In
ventral tegmental area enhancing the effect of these
Easal fonsbrain neuroiransmitiers Inciude

Rostral kasal forebraln

Mote: RF has two major sscending projections Into the

Toreraln:

1. Dorsal pathway — thatamus — censbral cortex

{thalamocortical system)

2. Veniral pathway — subthalamus and posterior

adrenccorticotropic hormane,
corticotropin-releasing factor,
newrotensin, substance P
thymid-stimulating hormaone,
thymtropin-releasing factor, anc
vasoactive Intestinal peptide.

mypothalamus — basal foredraln and septum —

cerebral cortex

Meurons of the locus ceruleus, midbrain reticular
formation, thalamus and latersl ypothatamus, and
beasal forebrain have 3 tonic high rate of discharge
during wakefulness. The ascending reticular sctivating
system also recelves Input from viscersl, somatic, and
epeclal Sensory Sysiems.

Specinc neural systems:

1. Locus canuleus In the dorssl ponting tagmentum

Meurotransmitter: nomdrensline

Meural projections: cerabral cortex, subcortical
areas, bralnstam, and spinal cord

Discharnge rates: Increasa during waking;
decregse during NREM sleep stages 3 and
4 and absent during REM sleep

Effect of stimulation: cortical activation

Effect of leslons: no reduction In 'HEHIFE ar
cortical activation

2. Substantia nigra and ventral tegmental ares

Neurcdransmitier; dopamine
Neural projections: frontal cortex and basal ganglla

3. Tuberomammiliary nucleus in the posterior
mypothalamus

Neurodransmitter: histamine

Neurs! projections: forebrain

Discharge rates: Incregse during waking and sbsent
during REM sleap

Effect of ksions: dectease In arousal without a decrease
In waking amount

4. Partfornical newrons In Lateral iypothalamus

Neurcdransmiter: orexin of fypocretin

Neurs! projections: cersbral cortex

Effect of kasions: narcolepsy In animals with orexin gene
delietion no changs In total amount of waking with
destuction of neurons

5. Bralnstem tegmentum (laterodorsal and
pedunculopontine tegmental nuclal)

Neurodransmitter: acetyicholine

Neurs! projections: thalamus, posteror
hypothatamus and basal forebrain

Discharge rates: INGEase during both waking and REM sleep

Thalamus
YPAG \
1 (DA)

(ORX
QMCH) 0

\\ BF g

_‘\7 (ACh, Tr‘“_‘“ Raphe
(/ GABAY (His) (51479

A @ C

A LC (NA) \

B |

e
Hypothalamus >/
Pons \

\ Cerebellum
Medulla—=s ‘/‘/

LS

.II

N \ Brainstem
\_\. \)

o

6. Basal forebrain [substantia innominata and diagonal
band of Broca and septum)

Neurotransmitter: acetylcholing

Neursl projections: cerebral cortex and hippocampus

Discharge rates: Increase during both waking and REM sleap

7. Dorsal raphe

Neurotransmitter: sarotonin

Mote: Lesions of the central midbrain tegmentum
produce cortical inactivation without affecting
enaioral responsvensess 1o sensory stimulation,
whereas lesions of the ventral tegmentum produce
behmioral somnolence and unresponsivenasss without
Iess o corlea| soetbesEinn



Orexin neurones in the lateral hypothalamic

area
* innervate all of the
components of the o -
ascending arousal _.
system as well as the @ O @
o ; LOT/PPT
cerebral cortex i
Rapha .
* (blue=cholinergic; C

green=aminergic)

TREMNNE in Neurdssianoes



Hypocretin stabilizes the sleep wake switch

WAKE

Saper et al Trends Neurosci 2001
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Evapén tou Umvou

o Kipkaodia entitbpaon (C):pelatovivn

e Ouolootatikn (S): adevooivn

MREM slesn

Forebrain [antarior iypothalamus-preoptic
ragion, Inclsding ventrolstersl preoptic ares
[VLPO] and basal forebrain)

Solitary tract nuclel

Midbrain raphe

Orbitofrontal cortex

Amygdala

Anterior and dorsomedial thalamic nuclel

Reticular nuceus of the thalamus (generates
spindies)

Note: Activity of acetyicholine and hypocratin:
contalning calls Is lowest or absent during
NREM sleep.

Brainster ' \
- Medulla

F7 -

s -

Fg -

6 -

F3 -

C3 -

P3 -

F4 -

P4 -

FZ-
cz-

The main NREM neuragtransmitters

are sarotonin and Eamma
amincbutyric acid {GABA).

iOther neurotransmitters. Includs
adencsing, noreplnephirine, and

FP1 - F7

3

M3-T5

01

FP2 - F8

T4

T4 - T6

02

FP1 - F3

C3
P3
01

FP2 - F4

C4

-P4

02
CZ
PL

peptides (alpha melanocyte-
stimulating hormone,
cholecystokinin, cortistating
growth normone—releasing
homona, Imtereukins, murammy
peptides, oplates, and
somatostatin).

%Z%EZEUEH?ZHU{

T

T ]



O mEeoo0Oiog vroBarapog
Oewoeeltal n facikotegn
AVOTOULKT] doun YL tTnv
evaén tov vtvou. Avt
TLEQLOXT] EVEQYOTIOLELTAL OTIV
EVaEN TOL VTTVOU KAl HECW TWV
VeLEOOLPBLPAOTWV Y-OtHLVO-
Bouvtuowko o0&V (GABA) xat
vaAavivn avaotéAAet ta Hist-
Ach kévtoa eyQnyoQoTs
(omtioO0g vVITOOAA A UOG KL
OKTLWTOG OXNUATIOMUOG TNG
YEPLEAG) TOV £YKEPAAOL. X
ovvexela 1o GABA emayel, péow
™G 0PAONG TOoL 0To BaAauo-
PAOLKO cVOTNUa (Tt ywyn
ATQAKTWYV TOVL VTTVOV), TOV UTIVO

Kot tov dxtneet (Omvog Peadéwv

Kvpatwv) (Steriade 2000).

Figure 1:

Major brain regions involved in sleep regulation
Cerebral cortex

Thalamus

Hypothalamus
Pineal gland
Locus coeruleus

Dorsal raphe

Ventrolateral preoptic
nucleus (VLPO)

Lateral hypothalamus (LH) —

Dorsomedial hypothalamus —__|

Anterior nucleus —_
Pasterior nucleus e i

Tu beromammillM -
nucleus (TMN) i

Suprachiasmatic
nucleus (SCN)
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Eppaduvon tou Unvou

‘,_../\__I

Sleep Spindle

voltage




2tadlo Bpadewv KUpATWVY

Towg 1 o

OTUAVTLKT] OTLY U

OTOV VUTTVO

Méyioto OaAapiko
XTIOKAELOUO
Méyiotn
ITapaovpumtaOn Tk
OLEyepon

Exxolon avéntikng
OQUOVNG



Kata v dwxpketa tov vrtvov NREM

Ymagxet avinpévn doaon Tov TAQACLUTIAONTIKOV

Mewwvetal 1 kaEdlaKr] CLXVOTNTA KAL) KQTNQLAKT)
Ttiieon

YTapxeL vToaEQLOMOG
Mewwvetal n €KKQLOT YAOTOLKWYV VYQWV KAl OLEAOV.
Av&aveTal N TAQAYWYT) OQUOV@YV OTIWG N ALENTLKT]

KoL 1] TTQOAQKTLVT] KOl LELWVETAL ] EKKQLOT TIG
BvpeoedotpoTov opuovne (TSH).



Kapdaxkog puOpog Kot otadiax LTTVOL

Emikgatnon tov nagacvpunadntikov

[IaOMoels mov mMEOKAAOUV CLVEXELS €YEQUELS
KATAOTQATIYOUV TNV 1wopoTtiae XYMII-TTAP
LTTEQ TOV CLUTIAONTIKOV.

|

Yméotaon, kapdlomabewx, aptnolomtabela;
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REM periods increase in length
and frequency toward morning

NN

Initial
Stage |

Awalce

o
g I
2
- 2
[=]
a 3
(1]
| T T T T | T T
0 I 2 3 4 5 ] 7 8
Hours After Onset of Sleep

REM skeep Pons [pedunculopomntine tegmental nuclel and

the |gterodorsal tegmental nuciel)

Hralnstam reticular formation, especially oral
pontine reticutar formation

Other brainstem (lower medullary) and spinal
cord neurons

Mote: REM sleep Is assoclated with activation of
“REM-on™ cholinergic neurons and Inhibition
of “REM-0fT™ noradrenergic NEUrons (locus
cerlleus), serotonergic neurons (dorsal raphe)
and histaminetgic newrons (posterior
hypothalamus).

In animal modets, ponto-geniculo-occipital
(PGO) wawes are penerated by the
mesopontine newrons, accompanlied q‘
activation of the Iateral geniculate and
pcoipital cortex (P = pons, G= geniculats,
0 = occipital).

Muscle atonia or hypotonia |s 8 result of
Inhibitory postsynaptic potentials
onginating from the pons, projecting
to the alpha and gamma meor Neurons
of the anterlor hom cedls of the spinal
cord via the medullary magnocedlutar
nucleus and Iateral reticulospinal
tract.

Yrivog

The main REM skeep neurctransmitier ks
acetyicholine.

Other neurotransmitters Include GABA
and ghycine.

Mote: Muscle Stonia results Trom
Inhlbition of motor neurocns

Mote: Cholinenglc sgonists
(physostigmine) decrease REM sleep
|atency.

Samotonin Inhibits PGD wave ganeration.

REM



Thalamus

I GABA Micibrain

firing of
reday calls

Locus cenileus
and raphea nucla

NE

Wiedubla

Glycing

Hyparpoldnzation
of mator neuwrons

!

Motor parabysis




H aovamtvor otov vmvo

RESPIRATORY

poncumotaxic
A Fei

apneustic area—

expiratory

centre .
- Ll -"-"\-
imspiratory— .

centre e -

to expiratory

0 inani
muscles inspiratory

muscles



ExteAeotikoc unxaviopog

Kuntkot vevpwveg mpooOiwv kepatwv
VOTLALOL HLUeA0DU (TtoAvpveAiTida,
UETATIOAVOUVEALTIOKO OUVOQOUO, TAXYLX
HUATQOPLKT))

Dpevikd vevpo-pecobwoakika vevpa
(vevpoTtaOeLeq)

Alx@ooryuo kal ecomAevQLoL poeg (Lvomabetec)
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EAeykTiKOG - QUOULOTIKOG UM XAVIOUOG

chemoreceptars in
aoric and carotid
bodies

chemaoreceptars in stretch receptors cortex
medulla In muscles (voluntary control)

RESPIRATORY
CENTRE
in medulla of brain

intercostal

phrenic e Pe
ne e VAL S

flg heg

stretch YWintercaostal
receptors| \muscles




Hugher canters af

r-enm&J Lntary
m*:tn:ﬂ al breathing)

Emotional stmui acting
through the limbic systlem

Paeripheral
nemoracaplors

0.1 co.T pHl

+
+

Cantral
chemoraceplors

CO.TpHl %

8 Hering-Breuer reflex
¥ {stm recaplons in lungs)

B8

Proprioceplors
in muscles and joints

Receplors for
touch, temperalure = 2
and pain strmuli

Ftas{zlratmr

(42

Cantars In the

medulla and pons
detarming basic
rhythm of resplration
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XNUELOVTIO00X ELG

* XNMUELOVTIOD0XELS - 0T & KAQWTIOX
(TteQLpEQIKOL XNMUELOVTIOd0X ELS) & KL OTOV
TIQOMTKT] (KEVTOLKOL XNUELOVTIODOXELGS)

(dvoAelTOVEY LA TWV XNUELOVTIOO0XEWV M
TWV TIEQLPEQLKWV VEVQWV)

[0 evatocOntn onv avénon tov CO2
A oTNV eAattwor tov O2-2 avénor
TOL QUOUOVL AVATIVOT)G



Nerves '::—

Blood to head A
Carotid body ; *'E
Carotid artery—"&

Blood from head\\ (@ Sl _-Aortic body
b | " _E;ﬂ,
- “glood to lungs

s [+ L_-I:.:I-:
=t

Heart
Blood from hody " g



Y1tvoc

Me tnv évapén tov UTTvou

XaveTal N OUUTEQUPOPRLKT] — EKOVO L Tapapeteos. H
AVATIVOT] EEXQTATAL ATIO TNV AELTOVQYLA TWV
KéEVTOWV anokAetoTika (PAAPn Twv kevTogwv->
kataga tov Odin (kevTQikn anvolx pe Tnv e.00d0
oTtov Umvo. BeAtiwvetar 0to REM)

Avéavel 1 avTloTaoT TV aVOTEQWV AEQAYWYWV TILO
ETIQQETIELG O€ ATIOPEALET] Kol QOXAATTO (€YEQUELG)
EAattwon tov aeplopov (1ma avénoT) tov
CO2)2>Taon yiax vmeQaeQLOUO ?



* OL XNUELOVTIO00X ELS OLEYELQOVTAL TILO
OVOKOAX (eEAaTTWHEV AVTIdQOON O€
1CO2 kat |O2). ITo évtovo oto REM
OTADLO.

* Ovdog amvowag 35mmHg PaCO2

* Ta mowta oTadIx elval LOLKLTEQR
aoTaO1 Kot 1) TTEQLOOLKT] AVATIVOT)
elvaL PUOLOAOYIKO PALVOUEVO



O poAog tov CO:

* H av&nomn tov elvat To 7o 1oXvEo
e0e0loUa DLEYEQOTG TOV AVATIVEVOTIKOU
KEVTQOUL 0D YWVTAG 0€ AXVENON TOU
QLOMOV Kat Tov Pabovg avaTvorg
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