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UzpUsobena na rychlé prfedavani informaci
Rostouci vyznam ve fylogenezi — jeden z
hlavnich trendU ve vyvoji Zivocichu. A
Vybavena schopnosti zpracovavat, ucCit se cell
Zakladem pro chovani, az po re€, pamet,
vaze se na ni védomi, prozivani.

Neuron — bunka schopna komunikovat
elektricky, ale i chemicky (jako vSechny
buriky)
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Prvotni ucel vzrusivych membran.
Vyuziti elektrickych impulzl pro koordinaci pohybu a signalu.
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Dva druhy kédovani informace ©
Dalkové Sifeni — digitalné
Zpracovani - analogove ®
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Excitacni vstup

Smysl:
Zpracovani - analogovée Vystup
Inicialni segment
Vystup EPSP+AP Vystup
Casova sumace Excitaéni vstupy

Inicialni segment

1

3xEPSP=AP Vystup




Excitacni vstup

Smysl:
Zpracovani - analogovée Vystup
Inicialni segment
Vystup EPSP+AP Vystup
Casova sumace Excitaéni vstupy

Prostorova sumace

Inicialni segment

1

3xEPSP=AP Vystup




Inhibiéni vstup
Nékteré synapse inhibi¢ni IPSP
Nékteré excitacni

Facilitace
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Vyuziva elektrickych potencialu pro zpracovani informace.
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One neuron in a
circuit is activated Sttt &
with a pulse of light.
Jak SpOlU neurony A signal passes ¢ /‘1
through the network

komunikujl'. and the resulting ® <@ <

behaviour is studied.

et
Larva octomilky jako R

model. Behaviour 1: Turn head Behaviour 2: Retract head

»
Aktivace ruznych drah ——<
pro oo X \
ruzné typy chovani. | .

Neurony integruji
vstupy a vystup je

vysledem Casoveé a
prostoroveé souhry
excitacnich a
inhibi¢nich vstupu.

onature




Model hadatko: Sensoricky vstup — fidici sst. — motoricka reakce
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Reflexni oblouk — primarni funkcni jednotka.
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Hromadéni spoju a
vstupu. Shluky (uzliny),
mozek.

Prfes mozek jdou
informace o okoli, o stavu
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Vyvojové trendy:
Agregace
Centralizace
Cefalizace

Klesajici, ale vyznamna
autonomie periferie.
Smysly, pacemakery,
nervove ,dalnice”

Mozkova
ganglia
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Konektivy
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Hmyz

Mozek integruje informace ze smysla.

Malo mista v téle, ale pfitom nutnost rychlych reakci a tedy i rychlého vedeni,
pritom bez myelinu. Musi byt vétSi priméry neuront => omezeni poctu spoju a
tedy i zpétnovazebné kontroly. Vysledek nekdy ,strojové chovani®. Ale mnozi
se uci, komunikuji, slozité chovaiji.
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Hlavonozci — inteligence srovnatelna se savci
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Clenéni nervového systému obratlovct

Oddéleni centra x periferie a somatickych x autonomnich (visceralnich) fci

, S
Brain
(FE N
‘ The central
t . nervous system
= o }.— (" consists of the
Spinal cord | brain and spinal
' cord.
\ J
vy
A _ N
Somatic | | Autonomic AUtonomic it
Sensory Sensory motor motor -~ — ~\
(afferent) neurons et (efferent) The peripheral |
neurons Sympathetic | Parasympthetic neurons o nervous system
N is composed of
Somatic Autonomic l 1 l peripheral
Sensory sensory = | _ nerves and
‘ effectors | muscle N~ =
| =




Non-neural Neural plate border
ectoderm Neuroectoderm

CNS se v ontogenezi
obratlovcu tvofri jako duta
trubice z ektodermu
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Animace/dev_human_emb_brain-lg.wmv

(a) Development of the human brain

Neural tube Forebrain

25 days 35 days

(b) Divisions of the nervous system

Midbrain Telencephalon

Hindbrain

Diencephalon
50 days

(c) Adult brain
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(a) A few weeks after conception, the
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after conception, five main divisions of the brain are visible. (b) The orgar

zation of these divisions schematically; (c) their positions in the adult brain.
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https://upload.wikimedia.org/wikipedia/commons/a/ae/Hypothalamic_sulcus_-_3rd_ventricle_-_animation.gif
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Mezencefalon -

Stredni mozek:
PGvodné hlavni

sensorické,asociacni
a motorické centrum

Savci: Tegmentum, Tectum
(strecha), zde Ctverohrboli

Tegmentum: priprava
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Tectum:
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Inferior colliculus —
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Corpora guadrigemina
ctverohrboli

Tectum:
Superior colliculus -
drive hlavni zrakovy vstup, pak

zrakové prostorové reflexy

Inferior colliculus —
sluchové reflexy




Diencefalon - Mezimozek

Stény 3. mozkové komory
Hypotalamus reguluje homeostazu

Talamus — prepojovaci stanice do a z koncového mozku, Hlavni integracni centrum
motoriky plazu a ptaku
Epitalamus
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Diencefalon - Mezimozek

Stény 3. mozkové komory

Hypotalamus reguluje homeostazu

Talamus — prepojovaci stanice do a z koncového mozku, Hlavni integracni centrum
motoriky plazu a ptaku

Epitalamus — pinealni zlaza
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Organizace Sedé hmoty do jader v talamu
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Hypotalamus — ventralni
strana talamu

Neurons Hypothalamic
in the ventral neurons in the
hypothalamus ' paraventricular nuclei

Hypothalamic
neurons in the
supraoptic nuclei
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Epitalamus —
pinealni zlaza

Temenni oko plazu a
sekrece melatoninu u
savcu




Koncovy mozek - telencefalon

Cerebral cortex

Corpus callosum
Thalamus
Hypothalamus
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Limbicky system
a
Bazalni ganglia

Propleteny systém
zavitll pod
neokortexem
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Limbicky systém — substrat emoci, motivace a zakladu uceni
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Soucasti limbického sst. (patfi k bazalnim gangliim) je Nucleus accumbens. Objeveno
v 50" . Mys vynechala kromé spanku vSechny aktivity aby je mohla packou stimulovat.
Soucast samoodmeéenovaciho systému mozku.

Procesy odmeny a posilovani spojené s dopaminovou a serotinovou sekreci.

Electrode

‘:Ei—!-r F

=AY

Electrical
stimulator

NACC je cloveéka je aktivovano pri naplnéni nebo i predstave financni, potravni, sexualni
atd. odmeny.



Oblasti neokortexu i paleokortexu (subkortikalni)
zprostredkovavajici emocni odpoved’ na ohrozeni.

Dorsolateral PFC:
Anticipatory Modulation of
Threat-Elicited Activity

Dorsomedial PFC:
Attention, Error Detection,
Threat-Elicited Emotion
Regulation

Ventromedial PFC:
Emotion Regulation
Related to Controllability
of Threat
(Actual and Perceived)

Hippocampus:
Declarative Processes,
Threat Expectations,
Complex Associations

Amygdala:
Fear Learning,
Emotion Expression

Fig. 3. Regions that mediate the emotional response to threat. Arrows indicate ipsilateral connections between brain regions that regulate the emotional response to threat. The
hippocampus (red) supports the development of conscious expectations of threat and projects to the dIPFC (green), vinPFC (yellow), and amygdala (blue). Anticipatory (i.e., conditioned
response) dIPFC activity prior to the threat modulates the dmPFC (purple) and vimnPFC response to threat (i.e., unconditioned response). Projections from the dmPFC and vinPFC regulate
amygdala activity. In turn, amygdala projections to midbrain regions (e.g., the periaqueductal gray, hypothalamus, and ventral tegmental area) control the expression of the peripheral
emotional response, including motor, autonomic, and hypothalamic-pituitary-adrenal axis activity. (For interpretation of the references to color in this figure legend, the reader is referred

o weh Neeson of thils axticlec) Neuroscience and Biobehavioral Reviews 84 (2018) 218-224




Chemie nervového systemu
Ucmky na psychiku

Uéinky neurotransmitert prostfednictvim synaptického pfenosu

dostupnost (aktivita ISk
neurotransmiteru) 2

serotonin o | deprese - antidepresivum

neurotransmiter:

Alzhelmerova nemoc§ inhibitory acetylcholinesterazy,
. . ktera odbourava acetylcholin
g-aminomaselna UzKost - anxiolytika {usnadfuji uéinek
kKyselina (GABA)' Y (tzv. generalizovana) ‘ kyseliny g-aminomaselngé)

acetylcholin

snizena

pozitivni pfiznaky antipsychotika (blokuji
schizofrenie f Ucinek dopaminu)

dopamin

éﬁﬁéeha
.___,.




Place cells — ,bunky mista" v hipokampu
Nobelova cena 2014

COMPUTER




Neokortex

Vertikalni Clenéni:
do sloupct

Horizontalni:
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Neokortex
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Supplementary motor area voluntary movement)

(on inner surface—not visible; Central Somatosensory cortex
3 sentra
programming of complex movem\ents) Sl (somesthetic sensation
. and proprioception)
Premotor cortex (coordination Posterior parietal cortex
of complex movements) e . ‘ (integration of somato-
q sensory and visual input;
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Fig. 11. Anatomy of the antisocial behaviour. (A) Phineas Gage photographed with the bar that penetrated his skull through the left orbit and caused frontal damage. (B)
Tractography reconstruction of the connections between amygdala, orbitofrontal cortex, and posterior occipital areas. Tract-specific measurements of fractional anisotropy
(FA) show that psychopaths have a significantly reduced mean FA in the right uncinate fasciculus (P=0.003) compared to controls. There were no differences in the left
uncinate fasciculus (P=0.448) or in the two ‘non-limbic’ control tracts: the inferior longitudinal fasciculus and inferior fronto-occipital fasciculus (Craig et al., 2009).




Horizontalni clenéni

Motoricka a sensoricka klra - somatotopie

(a) Motor homunculus (b) Sensory homunculus
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Zobrazovaci a stimulacni metody: fNMRI, TMS, PET, CT
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| Resting

Walking Seeing Hearing Thinking Remembering

Phelps & Mazziotta, LICLA

PET: prokrveni rliznych oblasti podle jejich aktivity
umoznuje stanovovat korelaty rliznych mentalnich stavi a




Soustavy hybnosti:

Autonomie ganglii mimo mozek

Tektoretikularni soustava (pOvodni
obratlovci)

Talamostriatova soustava (plazi,
ptaci)

Z neopalia: extrapyramidova (savci),
pyramidova (primati)
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Hierarchie rizeni motoriky

= Tonus
= Opérna motorika
= Cilena motorika
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Cilena (volné rizena) motorika — korové motorické centrum

(a) Motor homunculus (b) Sensory homunculus
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Spinal cord

Hypothalamus
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Vegetativni
rizeni:

Cholinergni a
Adrenergni
transmise

— A. Schematic view of autonomic nervous system (ANS)
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Dren nadledvin je
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sympatickeho
nervoveho systemu
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Figure 7.20 Sympathetic innervation of the
adrenal medulla The adrenal medulla receives
innervation from a preganglionic sympathetic neuron, and is
thus equivalent to a sympathetic ganglion.




Rozdilné naroky a na vegetativni a motorickou inervaci
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Funkcni antagonismus: Flight or fight x Rest and digest
Dvojité, tj. presnéjsi rizeni

| ©Organ | Viivsympatiku | Vliv parasympatiku |
1. Organy s dvoji inervaci:

Zvyseni hybnosti

Uvolnéni

Stah

| m.sphincterpupilae | | Stah—zuZeni zomnice |

| m.dilatator pupillae | Stah —rozsifenizornice| |
2. Organy inervovane hlavneé sympatikem:

| Drefinadledvin | ~ Sekrece | |

| Potnizldzy | = Sekrece | |

3. Organy inervované hlavné parasympatikem:
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Cévyvnéjsichpohl.org. | = |Vazodilatace —erekce
m. ciliaris _ tah — akomodace
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Slinne Sekrece

Zaludecni 00000000 Sekrece
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Funkcni antagonismus: Flight or fight x Rest and digest

. nr - A. Blood supply in organs at rest and
Krev je posilana jinam. during physical work

“|

Physical rest

Strenuous work
(submaximal)

—
=
E
i
~—
=
o
o
3
wy
o
@)
e}
on

CNS Kidney  Gltract  Muscles




CNs:
drive 4 Eyes:

. . alertness * pupillary dilation
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Rest and digest

Parasympaticka aktivace
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Funkcni antagonismus:

Napr.:
Ach zpomaluje srdce
NA zrychluje srdce

— A. Schematic view of autonomic nervous system (ANS)
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Rizeni krevniho obéhu

Regulation of heart rate and force
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— A. Schematic view of autonomic nervous system (ANS)

Funkcni antagonismus

i v ramci sympatiku:

Stejna latka, ale rlizné receptory

Alfa adrenergni
Beta adrenergni

Cholinoceptors

Nicotinic receptors:
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Funkcni antagonismus i
v ramci sympatiku

Stejna latka -noradrenalin,
ale rlizné receptory (alfa, beta)

Cholinoceptors

Nicotinic receptors:

- All postganglionic,
autonomic ganglia cells
and dendrites

— Adrenal medulla

Muscarinic receptors:

- Alltarget organs innervated
by postganglionic para-
sympathetic nerve fibers
(and sweat glands innervated
by sympathetic fibers)

Postganglionic: Cholinergic o——( Preganglionic: Cholinergic e——( Postganglionic: Adrenergic

Binding of NE
ME _D\l to a2 receptor

) Inactivates Ca®*
o2 adrenergic receptor channel

; a

/\l\ @tes \/

cAMP Dephosphorylates

Activates < : levels
G protein decrease

(b) Binding of NE to «2 adrenergic receptors

Binding of NE

RE= ) s B receptor
l Activates Ca®*
/ B2 receptor channel
| l

< /\ m;s »
“ATPL cAMP Phosphorylates

Activates NS levels

increase

@G protein

Adrenoceptors:

o Usually excitatory
(except in Gl tract, where
they are indirect relaxants)

B Usually inhibitory
(except in heart, where
they are excitatory)

B; mainly in heart

Bz in bronchi, urinary bladder,
uterus, gastrointestinal tract,
etc.




Adrenalin (Ad) tak svym pusobenim na B receptory vyvola
snizeni celkoveho perifernino odporu a ovlivnenim Ai B
soucasné redistribuci prutoku — v kosternich svalech stoupa,
v kozni a splanchnické oblasti klesa. SouCasné ale Ad

zvySuje vykon srdce, takze po vyplaveni Ad se nakonec
krevni tlak témer nemeni.

Noradrenalin (NA) zvysuje celkovy periferni odpor, tepovou
frekvenci srdce a tim i krevniho tlak.



AcetylCholin

Acetylcholine

® Blood vessel
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Chovani

pohybova aktivita — dulezity prvek udrzeni homeostazy
Vrozene => ucCeni => ziskané prvky

Mysleni jako ,internalizace” chovani

Usuzovani

Jéeni

Slozky chovani

Podminéne
reflexy

,p |nStinkty

Nepodmingéne




Nar(stajici
komplexnost a
variabilita
chovani

Instincts
Motivations

Reflexes Drives Cognitions

Cingulate cortex

Amygdala

(Working) memory
Attention
Learning

Hunger-thirst
Sex-attack

Central pattern
generators

Potential for neuromodulation

L -
Action specificity

-

TRENDS in Cognitive Sciences

Figure 3. Organization of behavior with respect to potential for neuromodulation
and action specificity. Reflexes are fixed, highly specific, motor patterns, the neural
substrate of which undergoes few neuromodulations. At the other end of the scale,
‘cognitions’ are unspecific with respect to sensory stimuli but heavily susceptible to
neuromodulation. The colored ellipses represent zones of neural recruitment
during emotional expression and experience. It is argued that the neural substrate
of emotion is intimately linked to that of neuromodulation. The diagram includes
the mapping of brain structures to Reflexes, Drives, Instincts and Motivations, and
Cognitions. Abbreviations: PAG: Periaqueductal gray; R.F.: reticular formation;
NTS: nucleus of the solitary tract. See [b4] for details.



Vrozené: Taxe, nepodminéné reflexy, motorickeé programy,
instinkty
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Instinktivni chovani: v zakladech vrozene, modifikované zkusenosti.

vyladéni, motivace
apetencni chovani
kliCovy podnét
konecné chovani
klidova faze

Vakuovy dé€j
Nadnormalni klicovy podnét




Instinktivni chovani: v zakladech vrozene, modifikované zkusenosti.

Vakuovy dé€j
Nadnormalni klicovy podnét




Ziskané: neasociativni, asociativni uceni (podminéné reflexy,
napodobovani, hra, vtisténi, vhled)




Pamet”.
Cas: kratkodoba, strednédoba, dlouhodoba
Typ informace: nedeklarativni (pohybové vzorce - plavani,

percepcni schémata - cteni)
deklarativni (déjova, rozpoznavaci, vyznamova




Mechanismus?

Plasticita NS

Kratkodoba — zmény funkcni
Dlouhodoba — zmény morfologické




Synapticka plasticita — primarni (opakované drazdéni,

obraceni pozornosti), rychla zmena funkce

554 CHAPTER 18

Pre- i Post-
SynaptICké (@) Normal synaptic transmission (b) Induction of LTP
modifikace Axop
E N
prenosu

Enhances
subsequent
transmitter

7 .:98 release
po opakovaném W) With repeated . o
rv v s 2 ; activation of AMPA %%
d Fa Zden| receptors, the change @
in postsynaptic e
membrane potential A S ——
O drives Mg*" out of @ m@ 2 Gh\ @ L
NMDA channel. Glu® AT l&/lg:* ‘

Increased Ca®*
concentration
activates CaM

U ~AMPA receptor;
when activated,
depolarizes cell

NMDA receptor,— -
inactive because of
block by Mg”"' jon

Vice
receptord i
mediatoru

Dendritic
spine

.@ Retrograde
messengers:
NO, arachidonic

acid, and others

— s,

‘Retrograde
signal
‘generator




Synapticka
Plasticita-dlouhodoba

Po Case Modifikace clandl

stavby — S )

Jak presynapticka...

proteinkinaza \

silné
podrazdéni 1
7
® £

S

syntéza
proteinu

tvar synapse
se modifikuje




Synapticka plasticita - dlouhodoba

...Tak postsynapticka: dendritické trny mistem prestavby
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Shrnuti

= Nervovy systém se vyvinul k rychlemu zpracovani
podnétu a rizeni adekvatni motoriky. Nauci se ucit,
dominuje.

= Mozek je pUvodné trubice s 5 oddily. Prekotny
vyvoj na dorzalni strané.

= Motorika, ale i vegetativni fce.



Priklady testovacich otazek ke zkousce z Fyziologie Zivoé&ichi

1. Vysvétlete existenci klidového membranového potencialu. Zmirite roli K*

a Na".

Priklad spravné odpovédi na plny po¢et bodU: Hiavni roli maji ionty Na*, K™, Cl" a
intracelularni fixni anionty bilkovin. Klidovy potencial je asi —90mV. PriCiny vzniku: A) Elektrogenni
Na/K pumpa ¢erpa 2 K™ dovnit buriky a 3 Na* ven. B) Propustnost membrany — Sodikova
propustnost je nizka, zaviené kanaly nedovoluji Na” vracet se do buriky. Elektricka i koncentraéni
sila pusobi vysokou hnaci silu sodiku. Draslikova propustnost je vysokad, jeho elektricka a
protichudnéa koncentraéni sila se vyrovnavaji — je blizko svému rovnovaznému potencialu.

2. Popiste déje pfi pfenosu vzruchu mezi dvéma neurony pres synaptické
spojeni.

Priklad spravné odpovédi na piny poCet bodu: AP dorazi na synapticky knoflik.
Depolarizace zpusobi otevieni napétové vratkovanych Ca kanalu. Narust intracelularniho ca”
vyvola presun a exocytézu vezikul s mediatorem do Stérbiny synapse. Mediator se navaze na
receptory postsynapticke membrany. Zde se oteviou kationtové kanaly (pfimo nebo pres kaskadu
G-protein — adenylat cyklaza — cAMP). Vznikla depolarizace zvysuje pravdépodobnost vzniku
nového AP na inicialnim segmentu. Mediator je ze Stérbiny odstranén enzymaticky nebo
endocytozou.




