SPANEK (A PAMET)
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PROC SPIME?

K ¢emu se spanek vyvinul, kdyz by stacil pouhy odpocinek (angl. rest)?
Najdeme ho u vsech vyssich zivocicht (od hmyzu az po clovéka)

Zjevné ma zasadni funkci pro samotny mozek (Sleep is of the brain, by the
brain and for the brain)

Dalsi funkce spanku: metabolicka (vcetné uklidu volnych radikala), imunitni
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SPANKOVE FAZE
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1929, Hans Berger — vyuziti EEG pro popis fazi spanku

Awake: low voltage-random, fast
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Drowsy: 8 to 12 cps- alpha waves
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Stage 1: 3 to 7 cps- theta waves
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Stage 2: 12 to 14 cps- sleep spindles and K complexes

e, e

Deep sleep: 1/2 to 2 cps- delta waves>75 uV

REM sleep: low vitage-random, fast with sawtooth waves
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SPANKOVA DEPRIVACE

u potkan( — zvySeny metabolismus, snizeni vahy, smrt po 2-4 tydnech (nejcastéji na jinak banalni infekci)
fatalni i u drosophil a svabu, odolavaji ji holubi
vede ke spankovym intruzim (chvilky podrimnuti), popr. mikrospanku

v extrémni formé dochazi k vniknuti pomalych vin (delta, < 4 Hz; nebo theta, 4-7 Hz) do jinak bdélého stavu (zvire se
pohybuje a ma otevrené oci) -“dormiveglia” (sleepwake)

zjevné naruseni kognice, aniz by si ho pokusné subjekty uvédomovaly
Randy Gardner — vydrzel v roce 1963 nespat | | dni

u vétsiny zvirat dojde pri prvni prilezitosti ke spankové kompenzaci



SPANEK A CIRKADIANNI RYTMY

Spanek se ridi podle cirkadianniho rytmu (C)

Potreba spanku rovnéz, ale jelikoz jde o rozdil mezi C a S, pak i po probdélé
noci se muzeme citit relativné svéze, dokud neprijde vecer
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JAK ZIVOCICHOVE DLOUHO SPi?




Hours per day

JAK ZIVOCICHOVE DLOUHO SPi?
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DELKA SPANKU PODLE TYPU POTRAVY

Hours of sleep per day
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SPANEK JEDNE HEMISFERY
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Pozorovan u plazu, ptaku, casty je u kytovcu

Priklad vlevo - jednohemisférovy spanek u Delfina skakavého (Tursiops
truncates)

Modra — spankova aktivita s vysokou amplitudou napéti a nizkou frekvenci
= non-REM spanek

Cervena — bdély stav s nizkou amplitudou a vysokou frekvenci

Dochazi ke stridani spicich hemisfér



SPANEK JEDNE HEMISFERY

* Vyskytuje se napr.i u vodnich selem
(lachtani) ¢i u sirén

* Ploutvi kontralateralni k bdélé
hemisfére se udrzuji nad vodou




FYLOGENEZE SPANKU
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ONTOGENEZE SPANKU
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Po narozeni cca |6 hodin fragmentovaného spanku; novorozenec nema

vyjadreny typick cirkadianni biorytmus
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ONTOGENEZE SPANKU
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Altricialni (nesamostatnd) mlad’ata maji vétsi podil REM spanku nez prekocialni.






prulomem byl objev prehravani pamétové sekvence béhem spanku (CAI oblast, non-REM)

ve spanku jsou aktivovany stejné place cells jako v predchozim tréninku (Wilson)

navic ve stejném poradi (Skaggs)

ovsem zrychlené (10-20 x)
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Reactivation of Hippocampal Ensemble
Memories During Sleep

Matthew A. Wilson* and Bruce L. McNaughton

Simultaneous recordings were made from large ensembles of hippocampal “place cells” -
inthree rats during spatial behavioral tasks and in slow-wave sleep preceding and following
these behaviors. Cells that fired together when the animal occupied particular locations in
the environment exhibited an increased tendency to fire together during subsequent sleep,
in comparison to sleep episodes preceding the behavioral tasks. Cells that were inactive
during behavior, or that were active but had non-overlapping spatial firing, did not show
this increase. This effect, which declined gradually during each post-behavior sleep ses-
sion, may result from synaptic modification during waking experience. Information acquired
during active behavior is thus re-expressed in hippocampal circuits during sleep, as
postulated by some theories of memory consolidation.

Replay of Neuronal Firing Sequences in
Rat Hippocampus During Sleep Following
Spatial Experience

William E. Skaggs and Bruce L. McNaughton
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The correlated activity of rat hippocampal pyramidal cells during sleep reflects the activity:
of those cells during earlier spatial exploration. Now the patterns of activity during sleep_:
have also been found to reflect the order in which the cells fired during spatial exploration.
This relation was reliably stronger for sleep after the behavioral session than before it; thus,i
the activity during sleep reflects changes produced by experience. This memory fol
temporal order of neuronal firing could be produced by an interaction between the
temporal integration properties of long-term potentiation and the phase shifting of spike
activity with respect to the hippocampal theta rhythm.



Kritika — zvirata se ucila soustavné jednu ulohu, neni proto prekvapive, ze se jim o ni i ,,zdalo*

Odpoveéd — uloha s pouhou (neodménovanou) exploraci prostredi; i tak doslo k prehravani stejné
sekvence ve spanku jako pri exploraci

LFP

Place Cells

~2 sec ~200 ms
(Ripple)



pamét’ je ve spanku reaktivovana i u lidi

uloha — zapamatovat si pozici karty na
monitoru, pfiéemz vuné ruze slouzi jako
kontextovy podnét

Je-li viné prezentovana béhem non-REM
spanku ve fazi pomalych vin (slow wave
sleep), vybavnost se vyrazné zlepsi.V
ostatnich podminkach se nezmeéni.

Viné tedy pri SWS napomaha zesilit
reaktivaci pamét'ové stopy
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pamét’ je ve spanku reaktivovana i u lidi Learning Sleep

| Odour/vehicle Retrieval
uloha — zapamatovat si pozici karty na Waker
monitoru, pricemz vuné raze slouzi jako StngiA]Z
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spanku ve fazi pomalych vin (slow wave
sleep), vybavnost se vyrazné zlepsi.V
ostatnich podminkach se nezmeéni.
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Co presné se béhem spanku s paméet'ovymi stopami déje!?
Konsolidace se popisuje predevsim pro deklarativni pamét, ale pravdépodobné funguje i
pro proceduralni ¢i emocni.




Duraz na komplementarni tlohu NREM a REM fazi

NREM — zeslabuji se irrelevantni nebo neadaptivni vzpominky a upeviu;ji se
relevantni

REM — vzpominky se zaclenu;ji se do jiz vytvorenych siti
synaptické zmény — vysoky Ach = indukce LTP; nizky noradrenalin = LTD
theta umoznuje zeslabovani/zesilovani vzpominek

vina exprese ranych genu (v kire)

Giuditta 1995



Tononi a Cirelli

Sleep — Synaptic downscaling
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Pri vytvareni pamét'ové stopy béhem bdéni jsou nékteré synapse vyrazné potenciovany (napr. velka zluta synapse na obr.),
coz zpUsobuje narust celkové sily synapsi (W = synapticka vaha).
Pomalé oscilace umozni globalé snizit silu synapsi (synapse downscaling), ¢imz se slabé spoje eliminuiji, zajimco relativni sila
mezi zbylymi zustava zachovana

Pamét'ova stopa se zesili, nebot’ dojde k vzestupu signalu od Sumu



Neocortex
Diekelmann and Born

@ JANE

Learning N oS
Neocortex
@ JANE Udalost ,,Potkal jsem Jane u plaze, kde se pochlubila se svyym novym sportovnim
ﬁ%ﬂ ‘ l autem je zapsana formou epizodické paméti béhem bdéni. Kiira zpracovava
- jednotlivé casti vzpominky, hipokampus slouzi jako spojovnik.

V noci dochazi ke konsolidaci vzpominky.
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Béhem bdéni je ji mozné vybavit.
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Neocortex
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Diekelmann and Born, 2010;
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Oscilace hraji zasadni roli (pomalé < |Hz, thalamicka vreténka |12-15Hz, hipokampalni
sharp wave ripples 80-220 Hz).

Pomalé oscilace podniti hipokampalni prehravani (replay) béhem slow wave sleep; v
synchronii s hipokampalmimi ripples a talamickymi vreténky se umozni prenos z
hipokampu do kiry, kde dojde k vyvolani synaptické plasticity (aktivace CAMKII,
exprese ranych gend...)
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reaktivace engramu REM — synapticka konsolidace

vymizeni asociaci

Neurony (neuronalni okruhy), které jsou:
o soucasti stavajici pametove stopy

stimulované a nasledné
reaktivované béhem spanku

slabé stimulované a nasledné
nereaktivované béhem spanku

soucasti doc¢asné pamétove
stopy

neasociovaneg, nebo s vyhasinajici
asociaci

--------- docasné propojeni

— trvalé propojeni

transformace pUvodni pamétové stopy,
uchovani podstatné informace




PATOFYZIOLOGIE SPANKU




NARKOLEPSIE

zpusobena ubytkem orexinovych (hypokretinovych)
neuronu (v lateralni hypothalamické oblasti), které u Normal Narcolepsy
zdravych jedincu udrzuji vigilanci/bdéni

mohou degenerovat v dusledku genetickych predispozic,
zanétu, ¢i v dusledku starnuti

onemocnéni se projevuje nahlym poklesem svalového
tonu (kataplexii), intruzi REM spanku, probihajicimi sny

Hypothalamus



SPANEK A ALZHEIMEROVA CHOROBA

naruseni spanku je prehlizeny rany marker AD

muze byt i jednim z rizikovych faktoru rozvoje AD (2x vyssi riziko), pripadné
jednou z pFicin

fragmentace spanku, denni drimota, kratka doba spanku, popr. uplna nespavost

nedochazi ke konsolidaci, zhorsuje se tedy pamét’
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