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UzpUsobena na rychlé prfedavani informaci

Rostouci vyznam ve fylogenezi — jeden z

hlavnich trendU ve vyvoji Zivocichu.

Vybavena schopnosti zpracovavat, ucit se

Zakladem pro chovani, az po recC, pamet,
védomi...

Microglial |
cell =,

Neuron — bunka schopna komunikovat
elektricky, ale i chemicky (jako vSechny
buriky)

Figure 11.2 Glialcells Therez
and unmyelinated) in the perir
trocytes are metabolic support
cytes related to cells of the imn




Prvotni ucel vzrusivych membran.
Vyuziti elektrickych impulzl pro koordinaci pohybu a signalu.

A B
?;: S -
\oltnge-sensing 3
microclectrode g ot
= Aclion
g posential
-
LS t
Time
Purmmmeciom
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Dva druhy kédovani informace N ©)

Dalkoveé Sifeni — digitalné
Zpracovani - analogove

.;.:U” Dody / .
1 Sensocry signals 2 Motor signals
Stimulus  Input Integration Conduction Qutput Input Integration Conduction Output
{transmitter {transmitter
release) release)
Action
Graded potential  Action Action Graded Action Action Action
receptor / potential |potential synaptic /potential potential |potential
potelntial Receptor |/ t potential I pacantor é
potential X
N 2 /l\ p/otentlal

=

Stretch

-

Muscle spindle

Sensory neuron

Motor neuron

3 Muscle signals

Input Integration Conduction Qutput
(behavior)
Graded Action Action
synaptic ,potential | potential
potential Receptor
| potential
/\ 7
“Caontraction



a)
Excitacni vstu
Smysl: Vstup‘ \ g

e

Zpracovani - analogove Vystup

EPSP

Vstup

¥ Inicialni segment

EPSP+AP Vystup

Casova sumace Excitaéni vstupy

2 3

Inicialni segment

Vystup

l 3XEPSP=AP



a)
Smysl: VStﬂA

—

Zpracovani - analogove Vystup

EPSP

Vstup

Casova sumace

Prostorova sumace b)

EPSP+AP

l 3XEPSP=AP

Excitacni vstup

Inicialni segment

Vystup

Excitaéni vstupy
2 3

Inicialni segment

Vystup



Inhibiéni vstup

IPSP

Nékteré synapse inhibiCni
Nékteré excitacni

Facilitace

- Excitaéni vstup
Inhibice

Vystupy
EPSP
—Z5TEPSP
[ Inicialni segment
I

3xEPSP=AP

IxEPSP+IPSP=0xAP



Vyuziva elektrickych potencialu pro zpracovani informace.
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Reflexni oblouk — primarni funkcni jednotka.

"—1

Stimulus —»S =
(@ L3

Stimulus —>

(b)

(2

Stimulus —»i e

(¢ ¥

SE
; A
Stimulus —»- | &

(d) -

"

white
matter

Sensor/integrator Muscle or

neuron other effector

gr
; 9 matter
1 "\.

central-- >
canal

“ag —™ response

Sensor neuron  Integrator neuron Muscle or

other effector

@

ventral
horn

Sensor neuron  Integrator neuron Effector neuron Muscle or

other effector

o

< 0 : =) @y y— response

Sensor neuron Integrator neuron Muscle or

other effector

2 o)
' === S a b == h — response
— B 7 ; e R 1 i

T Signals
from brain

\ r’

Ventral

cell body
of sensory
neuron

dorsal-root
ganglion

receptor
(in skin)

L. axon of .
), | sensory neuron

ventral
cell body root
of effector
motor neuron (muscle)

Hromadéni spoju a
vstupu. Shluky (uzliny),
mozek.

Pres mozek jdou
informace o okoli, o stavu
téla jako celku, nauCené
programy, anticipacni
programy, volné fizené
chovani...




Nervova sift

Nervovy
prstenec

Vyvojové trendy:

Mozkova
ganglia
Agregace
Centralizace
Cefalizace
Klesajici, ale vyznamna
autonomie periferie. ZitaNon

Smysly, pacemakery,
nervove ,dalnice”




Hmyz

Mozek integruje informace ze smysla.

Malo mista v téle, ale pfitom nutnost rychlych reakci a tedy i rychiého vedeni,
pfitom bez myelinu. Musi byt vétsi priméry neurond => omezeni poctu spoju a
tedy i zpétnovazebné kontroly. Vysledek nekdy ,strojové chovani®. Ale mnozi
se uci, komunikuji, slozité chovaiji.

QOcelarni  _ ———e

PCB

wire bonded
force sensor

sensor probe

UV cure glue

PODJICNOVE
GANGLIUM




Hlavonozci — inteligence srovnatelna se savci

Supraesophageal Mass
Superior frontal L.

Ant. basal L.

Post. buccal L.

Superior buccal L. -
cerebro-brachial conn. "\ - ! Esophagus

Vertical L.

Dorsal basal .

Interbuccal
connective
Optic L.

Filament n. Pallial n.

Brachial-pedal and Post. funnel n.

brachial-palliovisceral - & ¥ F N = P
connective 5 \ v 3 A\ 2
Dorsal

magnocellular L.

Brachial n. no. 4 Post. subesoph. mass
7’ Ventra
magnocellular L.

Ant. subesophageal mass Ant. funnel n.

Middle subesoph. mass
Subesophageal Mass



Clené&ni nervového systému obratlovc(

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

. - \
Brain
<
‘ (¢ The central
' nervous system
=i Fs 7 consists of the
Spinal cord brain and spinal
i cord. 4
/
. S, Autonomic » E
Somatic Autonomic Somatic
sensory Sensory oo motor e R
(afferent) || neurons AEHEOLS (efferent) The peripheral
neurons Sympathetic | Parasympthetic | | neurons | | | nervous system
‘ N is composed of
Somatic Autonomic l ‘ l peripheral
sensory ‘sensory : S T nerves and
receptors receptors Autonomic | Stnated , ganglia.
effectors muscle 1 =




Micha —
nejjednodussi
cast CNS

Grey Sensory nerve root
matter Impuises about bodily
sensations are carried
by sensory nerve fibres.
These converge to form
sensory roots at the
back of the spinal cord
Impudses ara than con-
yeyed to the brain via
nerve fibre tracts

Nerve fibwe tracts

White matter

Central canal
Cercbrospnal fluid fills
the central canal and
provides nourishment to
narye calis

Sensory root
ganglion
Each spinal nerve has
a darsal {posterior)
sensory root
ganglicn, which is a
cluster of nerve cell

e Pia mater
Arachnold
—  Dura mater
Maotor nerve root
Bundes of fibres calfed
motor nerve raots eave
Meninges the frent of the spinal
The spinal cord is protected cord, The fres conduct
bry theoe layers of imputses from the central
connective tissue called <pace nervous system to control
meringes. Additional voluntary moverment and
protection is provded by tructure of spinal Involuntary processes
the cerebrospinal fuid S of cord such as digestion
circidating In the

subarachnoid space



CNS se v ontogenezi
obratlovcu tvofi jako duta
trubice z ektodermu

Nature Reviews | Neuroscience
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Neuroporus 1

f

1

Infundibulum Ventralni ryha ’ . o ’
MEZENCEFALON Vyvo] mozku a puvodni
PROZENCEFALON  ROMBENCEFALON o )
' zpracovani smyslovych
ng’kc})(vy VStU plj
vace o . e e r v 7z .
Hypotyzémi Mozek vznika z rostralni ¢asti
Bulb s 2 :
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\lTaIamus

Zrakovy

I
Pons Medulla oblongata
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Telencefalon Diencefalon Metencefalon Myelencefalon

ozkova
MEZENCEPHALON " ey ; o fd Tektum Mozecek
Dréhy z &ichového hemisféra
organu
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Drahy z oka

Drahy ze statokinetického
¢idla a organu postranni
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A Anterior B3 Anterior

. f — Telencephalon 2
~ Forebaiin I\
0 - Forehein
I — [encephalon
— Midbrin
— Mesenoephalon
Neural tube — | {midbean)
— Hindhriin
- Rhuiibencephalon
{hindbcain)
i q
— Spinal cord | Spinal cond

Posierior b NEUROBIOLOGY
Gary G. Matthews
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Briutn Jpoalcond

0 o e T
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- delcurephilon 1 Colliculi
§ Forebeain _ganslia
, I i I 4 I Ll 7 ".Pmsmt'cphnlom_
Forchrain Midbrain ~ Hindbgin Spinal cord
~ Thalamus
Bruinstem — Diencephalan —
NE UR OB’OLOGY ~ Hypolbslams Spinal cor
Gary G. Matthews
. Pons  Cerbelium Madulla
Blazewel T
Scionca Midbrain Hindbeuin
IMesencephulon} (Rhombencephalon)
L ]
Bruinstem
B
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Thatamus

O b I aSti Diencephaton

Hypothalamus

Brainstem
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Dominance telencefala
Vyvoj kortexu

Ontogeneze mozku

Telencephalon
Focebiain =
Diencephaton Thalamus

Hypothalamus

Brainstem

1. NEUROBIOLOGY

Telencephalon

Dicncephalon

Midbrain

Forebrain

Hindbeain  Spinal cand

Development

Telencephalon

Diencephalon

Midbrain

Hindbein  Spinal cont

Development

Telencephalon
Cerebellom

Dienceplialon

Midbrain

Hindbrain

Forehirain

NEUROBIOLOGY
Gary G. Matthews

Blackwel
Schonze

Speniad cond


Animace/dev_human_emb_brain-lg.wmv

Midbrain Telencephalon
Hindbrain

Cerebral
hemisphere

(a) Development of the human brain

Cerebellu

Pons

Medulli

Diencephalon

50 days 100 days

25 days 35 days

(c) Adult brain

(b) Divisions of the nervous system

| Telencephalon
> (cerebral
| hemispheres)

............

Central nervous system (CNS)

| Z > Myelencephalon (medulla)

Spinal cord

Peripheral

nervous system

2.14 Divisions of the Human Nervous System in the
Embryo and the Adult (a) A few weeks after conception, the

’ head end of the neural tube shows three main divisions. About 50 dé
'V 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.



Forchrain

Dominance telencefala, ale
jen u savcu, zejména
primatu

Fish

Huran

NEUROBIOLOGY
Gary G. Matthews
Lizemed



Mozkové komory —
Svédectyvi trubicovitého

L Lateral
veniche

pocCatku

Mozkomisni mok: ochrana, vyziva,

L[] 1 ] - 4 LY 4 1 i

imunita, hematoencefalicka bariéra e B
cretedium

aqueduct Fourth

LATERAL VIEW vemnele

Lateral
venlncle
Cerehrl R : b % ¢
cotex ~——— LAl 2 Third
s ventricle
o .
T ‘\\'f";‘::.':. Fomth
Cerebellum B ventricle
ANTERIOR VIEW

b NEUROBIOLOGY
Gary G. Matthews

Rlaioned
Schence



Tvorba a cirkulace
mozkomisniho moku

Choroid plexus of lateral
ventricle (phantom)

Superior sagittal sinus

Cistern of corpus callosum Subarachnoid space

Arachnoid granulations

Interventricular
foramen (Monro)

Choroid plexus of third ventricle
Cerebral aqueduct (Sylvius)
Lateral aperture (foramen of Luschka)

Choroid plexus of fourth ventricle Median aperture

(foramen of Magendie)
Dura mater

Arachnoid

Subarachnoid space

Central canal of spinal cord




Vztah mezi lokalizaci vstupU
a funkci.

Mozkova
Dréhy z &ichového hemisféra Tektum Mozecek
organu
— >
Drahy z oka

Drahy ze statokinetického
gigla a organu postranni
ry
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o Talagnus
Hypotalamus

Mozkovy kmen

Hypofyza

Stredni
mozek

Prod Mos,t Moz kovy
rodlouzena
micha kmon




Lateral view
of brainstem

Cut edge of
astc en:i n:g Optic tract
racts to g ;
cerebrum Midbrain

Cranial & leading to cerebellum -

nerves
Medulla g
oblongata --~

Thalamus 2 ' = i

Midbrain -

Spinal cord




Metencefalon:

Pons Varoli —most
Rizeni dechu, srdce

Cerebellum —
mozecek - pohyb

Mesencephalic
aqueduct

A =\ /— Pineal gland
' _. ,Corpora quadrjge

Mammillary body

Y,

Mesencephalon

Fourth ventricle

Pons

Medulla oblongata ==

Gray matter

(a) Midsagittal section



Mezencefalon -

Stredni mozek:
Plvodné hlavni

sensorické,asociacni
a motorické centrum

Savci: Tegmentum, Tectum
(strecha), zde Ctverohrboli

Tegmentum: priprava
motorickych programd
Substantia nigra

Tectum:

Superior colliculus -

drive zrakovy nerv, pak
zrakové prostoroveé reflexy

Inferior colliculus —
sluchové reflexy

n.Okohybny - III
n.Kladkovy - IV

Mesencephalic
aqueduct

Mammillary body —
P

Mesencephalon

Fourth ventricle |

Pons —



Diencefalon - Mezimozek

Stény 3. mozkové komory

Hypotalamus reguluje homeostazu

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

“:;r‘ Optic tract

Midbrain

Medulla
oblongata

-



Diencefalon - Mezimozek

Stény 3. mozkové komory

Hypotalamus reguluje homeostazu

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

Epitalamus

Parietal lobe of
cerebral hemisphere

Corpus callosum
Fornix
Choroid plexus

Occipital lobe of
cerebral hemisphere

Third ventricle
Septum pellucidum

Interthalamic adhesion
(intermediate mass
of thalamus)

Frontal lobe of
cerebral hemisphere A\

= ‘%/ 73]

< Thalamus
:nterventricular — (encloses third ventricle)
oramen ‘ ! . Pineal body/gland
(Foramen of Monro) ( “d 4 N ,A/, q o | | (part of epithalamus)
Anterior - . N ’ 0
s < : Corpora
commissure \\\\‘ - 7 N - 3 quadrigemina | gp
Midbrain
Hypothalamus & - — Cerebral
Optic chiasma N * v nr ‘\“’ - aqueduct
Pituitary gland S % N ) '
: | tobe of v/ AR A~ Arbor vitae
emporal lobe o : L
cerebral hemisphere  pammillary body '/ o7 [ e P 4 Z:Unr!:er:tricle
_ - - : oroid plexus
Pons A Cerebellum
Medulla oblongata ‘
Spinal cord

Copynght @ 2004 Pearson Education, Inc,, publishing as Benjamin Cummings



Dorsal nuclei
|

'Medial Lateral Lateral '
posterior

dorsal

Pulvinar
ot wodi
roul geniculate
oup body
Reticular ;:'nel?t:late
nucleus

body

Ventral
Ventral Ventral posterior
lanterior lateral lateral I
[
Ventral nuclei
(a)

Coepyright @ 2004 Pearson Education, Ine., publishing as Banjamin Cummings

Organizace Sedé hmoty do jader v talamu

Paraventricular
nucleus

Anterior
commissure Dorsomedial
nucleus
Preoptic
nucleus Posterior
Anterior hypothalamic
hypothalamic nucleus
nucleus Lateral
Supraoptic hypothalamic
nucleus area
Suprachiasmatic Ventromedial
nucleus nucleus

j 1 <
. )
Optic - i

. | Mammillary
chiasma / { nucleus body
Infundibulum & i

(stalk of the i ;:::;ary

pituitary gland)

(b)



Hypotalamus — ventralni
strana talamu

Neurons Hypothalamic
in the ventral neurons in the
\\\\ hypothalamus paraventricular nuclei
/S\Y}
Q,_ J Hypothalamic
neurons in the
é"&% J= supraoptic nuclei

Infundibulum

(connecting stalk) Superior

hypophyseal artery
Hypothalamic
hypophyseal tract

Hypophyseal portal system

Neurohypophysis o Pri .
(storage area for Primary capillary plexus
hypothalamic :
ho'r)mones) * Hypophyseal portal veins
Posterior *» Secondary capillary plexus
lobe .

\ « \_7— Anterior lobe
Venule ) Secretory cells of adenohypophysis

Oxytocin { e wen et

B satary e ACTH, G, PR
hypophyseal artery Venule y GR,

Cepynght @ 2004 Pearson Education, Ine,, publighing as Benjamin Cummings



Koncovy mozek - telencefalon




Chicken o RN

Cichovy lalok Archipallium Archipallium

1

Paleopallium

Bazalni ganglia

A. PRIMITIVNI B. OBOJZIVELNIK C. PRIMITIVNI

STAV PLAZ
Neopallium
Archipallium Neopallium
Neopallium
&= Q@Qﬁ Q
Paleopallium Paleopallium Paleopallium
D. POKROCILY E. PRIMITIVNI F. POKROCILY

PLAZ SAVEC SAVEC




Ba:

(a) Basal ga

Caudate nuc

]

Putamen
Globus pallic

(lateral part) Telencephalon

Globus pallic
(medial part)
—

Lentiform
nucleus

2.15 Two Ir
globus pallidu
limbic system:
- amygdala, an

Telencephalon

Diencephalon

Telepcephalon

Diencephitlon

b

Blacowed
Schonze

Forebrain

Forehinin
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Gary G. Matthews

Midbrain

Development

Midbrain

Development

Midbrain

Hindbein

Hindbein

Cerebellam

Hindbraan

Spinal cant

Spinal cand

\ nucleus, putamen,
Spenad cond movement. (b) The
iinalis, olfactory bulb,
memory.

- podkorove staré Casti

(b) Limbic system
Cingulate gyrus

Fornix Thalamus

Stria
terminalis

Olfactory
bulb

nuclei
Amygdala

Hippocampus



Limbicky systém — substrat emoci, motivace a zakladu uceni

formix

thalamus
frontal A T
lobe b7
septum hippocampus

reticular formation

\
amygdala

olfactory \
bulb .
' hypothalamus spinal cord
mammillary

body



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 samoodmeénovaciho systému mozku.

Procesy odmény a posilovani spojené s dopaminovou a serotinovou sekreci.

Speaker - - -
Pellet . yeut

dispenser Signal

lights

Dispenser
tube

Sy
—t e
rrrrrr
,,,,,

L

generator

Food cup Eledric grid

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



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

Place cell

A
Rat's position as seen from above
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Neokortex

Vertikalni Clenéni:
do sloupct

Horizontalni:

6 vrstev Sedé kiry

15-25 miliard v
lidském mozku

— A. Cortical layers I-VI (multiple view of a single-cortex column)

Columns —#=""\

‘
2=\ % ¢ |
\ \ ‘.‘ 1
\ \ P
@ 4 a9
P O a0 Ao
NP N R
Surface '\ \\ \\ N
\
N

Vi

Neurons

!
Corticocortical
connections

Thalamic
afferents

Corticobulbar and
spinal efferents

(After Szentagothai and Birbaumer/Schmidt)




Neokortex

Vertikalni Clenéni:
do sloupcti

Horizontalni:
6 vrstev Sedé kiry

Fourth finger - =
Third finger
Second finger—

Input from
thalamus

Section of somatosensory cortex

Cortical
layers



Neokortex

Horizontalni ¢lenéni
cytoarchitektonicka
mapa

Motoricke
Brocovo
centrum reci

Soma’go

Motoricka senzoricka

oblast

Prostorove

Planovani téel;cherr;(a i
dinnosti a a OKoll

a tvorba
vzorcu Stoni

chovani

Pojmenovani  zrgk

Motivace

objektu
Emoce 2
< _ —
Kranialne Senzoricke Kaudalne

Wernickeovo
centrum reci



Neokortex

Frindary muviwul CUILEA
Supplementary motor area (voluntary movement)

{on inner surface—not visible; ot Somatosensory cortex
: n
programming of complex movem\ents) e (somesthetic sensation

- and proprioception)

Premotor cortex (coordination
of complex movements)

Posterior parietal cortex
(integration of somato-
sensory and visual input;
important for complex
movements)

Wernicke's area
(speech understanding)

Prefrontal association cortex
(planning for voluntary
activity; decision making;

personality traits) Parietal lobe

Frontal lobe
Parietal-temporal-occipital

association cortex
(integration of all
sensory input; important
in language)

Broca's area
(speech formation)

Primary auditory cortex
surrounded by higher-order

auditory cortex (hearing) Occipital lobe

Primary visual cortex

Limbic association cortex - - -~~~ S | s surrounded by higher-

(mostly on inner and bottom - order visual cortex (sight)
surface of temporal lobe;
motivation and emotion; memory)

Temporal lobe
Cerebellum

Brain stem

Spinal cord
(a)



Horizontalni Clenéni
Motoricka a sensoricka klira - somatotopie

(a) Motor homunculus (b) Sensory homunculus

I\z :Pl:-é %I% f£EzcT
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= B (face, hands) have =78 mEs / \
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The primary motor Lips surface project to the Lowerlip =5
cortex is a band of gray Jaw somatosensory cortex, a Teeth, gums, jaw
matter located just Swj((::%:;, region O_f the cer ebral cortex Tongue——,
anterior to the central located just posterior to the

-

2
Pharvnx—’
. MacHcati / central sulcus (see inset). 5
sulcus (see inset). g:?:\t;t;;: \. i ( &) lntra-abdominal7
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Walking Seeing Hearing Thinking Remembering

Phelps & Mazziotta, UCLA

PET: prokrveni rliznych oblasti podle jejich aktivity
umoznuje stanovovat korelaty rliznych mentalnich stavl a
cinnosti .



Soustavy hybnosti:
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Savci:

Descending latera corticospinal pathway

Extrapyramidova d.
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Hierarchie rizeni motoriky

= Tonus
= Opérna motorika
= Cilena motorika




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

(a) Motor homunculus (b) Sensory homunculus
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1a b_éiTndika k pohybu

— A. Od ideje pohybu k provedeni
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Mozkova klra

Baza

Bazalni ganglia (striatum) u ptakd dominantni pri
fizeni pohybu. U Clovéka koordinuji netimysinou
(reflexni) pohybovou aktivitu s Umysinymi pohyby.
Substantia Nigra — pri poskozeni parkinsonismus
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Hypothalamus

Vegetativni
rizeni:
2. Ukol NS vedle rizeni motoriky

Ridi vnitfni funkce podobné jako

endokrinni systém

Priklad spoluprace: dren nadledvin je modifikované
sympatické ganglium. Ach (Cervené) aktivuje tzv.
Chromafinni bb, které uvoliuji Ad a Nad (modfre).

S_p'inal‘ cord :
Jot  Jet

Sympathetic
preganglionic
fiber

Adrenal
medulla

Sympathetic
postganglionic

o. receptors B, receptors B, receptors

Target organs

e = Acetylcholine e = Norepinephrine ® = Epinephrine



Messages from:

Peripheral sensors
(e.g., mammary

mechanosensors)
N Hypothalamus
Intrinsic hormone receptors
(e.g., for cortisol)
Intrinsic sensors and
(e.g., thermosensors)
Hypophysis
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Vegetativni
rizeni:

Cholinergni a
Adrenergni
transmise

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

Parasympathetic division Controlled
(Craniosacral centers) by 5
Transmitter substances: superordinate
Preganglionic: Acetylcholine centers

Postganglionic: Acetylcholine l
~ v

Sympathetic division
(Thoracic and lumbar centers)
Transmitter substances:
Preganglionic: Acetylcholine
Postganglionic: Norepinephrine
(Exception: Sweat glands,

some muscular blood vessels)

Glands

%
%

B )
/I‘:zart

S
f;‘ Gastrointestinal
J tract

y 24

d l‘ ‘l
Lower colon 77—6 I
% \ / / Sacral 7
. Urinary T Genitals

f bladder Genitals

A

I Urinar-y }inladder Adré;ml medulla




Dren nadledvin je
modifikovana Cast
sympatickeho
nervoveho systému

j Liver
w Pancreas
N o+ B

Bt g v Fat and sugar metabolism

PNS

Chromaffin cell

s

Adrenal

Preganglionic
sympathetic

neuron ] /
Nicotinic E{
cholinergic \ A
receptor 2\

\ 1y 4
- i 31
N\ 3 : 3
. : o KN J) 4
Epinephrine ///:‘ \

Circulatory
system

2 Adrenergic
s-a/ receptor

Effector organ

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
Inervace hladkého svalu

Vchlipeniny Myozin éva

ktin

Sarkoplazmatickeé
retikulum

Varikozity

% Gap-

junction
Mito- Or— Jadro
chondrie

s © o
Molekuly
mediatoru

Nervové
vlakno



Funkcni antagonismus: Flight or fight x Rest and digest
Dvojité, tj. presnéjsi rizeni

Orgén

Vliv sympatiku

Vliv parasympatiku

1. Organy s dvoji inervaci:

Srdce

Zrychleni tepu

Zpomaleni tepu

Hladké svaly:

Travici trubice

SniZzeni hybnosti

Zvyseni hybnosti

Sfinktery travici trubice Stah Uvolnéni
Bronchy Uvolnéni Stah
Zornice oka:

m. sphincter pupillae

Stah — zdzeni zornice

m. dilatator pupillae

Stah —rozsifeni zornice

2. Organy inervované hlavné sympatikem:

Hladké svaly:

Arterioly kiiZe a ledvin

Vazokonstrikce

m. arrectores pilorum

Stah — jeZeni chlupl

Zlazy:
Dren nadledvin Sekrece
Potni zlazy Sekrece
3. Organy inervovane hlavné parasympatikem:
Hladkeé svaly:
Cévy vnéjsich pohl. org. Vazodilatace — erekce
m. ciliaris Stah —akomodace
Zlazy:
Slinné Sekrece
Zaludedni Sekrece
Pankreas Sekrece




Funkcni antagonismus: Flight or fight x Rest and digest

— A. Blood supply in organs at rest and —

Krev je posilana jinam. i plsicalwark
12.58— — A=
Physical rest
| Strenuouswork
- (submaximal)
£ \
=
=
g
°
3
1.0 A=
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Fight or flight

Sympaticka aktivace

-
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[ skin:
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Skeletal muscle:
blood flow 4
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Rest and digest

Parasympaticka aktivace




Funkcni antagonismus:

Napr.:
Ach zpomaluje srdce
NA zrychluje srdce

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

Parasympathetic division Controlled

(Craniosacral centers) by 5

Transmitter substances: superordinate

Preganglionic: Acetylcholine centers

Postganglionic: Acetylcholine !
III

&

Sympathetic division
(Thoracic and lumbar centers)
Transmitter substances:
Preganglionic: Acetylcholine
Postganglionic: Norepinephrine
(Exception: Sweat glands,

some muscular blood vessels)

Genitals

tract ;j( - ——
- Liver

— Vagus
nerve
43 Thoracic _._(—p: (
\ -, -
- 2 % ‘ — | - . —Sﬁ.
7 M 13 Gastrointestinal ' Smooth muscle

Pancreas
o+
Fat and sugar metabolism

Urina:;y [)Iadder Adrenal medulla




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

Sympathetic division

v 7 - Parasympathetic division Controlled :
§ b (Thoracic and lumbar centers)
Funkcni antagonismus |- temeerene T e s

centers Preganglionic: Acetylcholine

. V4 0 0
| V ramcdi Sym patl kU . Pregangli(_)nic_:{Acetylcholil:le l Postganglionic: Norepinephrine
||l

Postganglionic: Acetylcholine (Exception: Sweat gland,
some muscular blood vessels)
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Nicotinic receptors: o Usually excitatory — /WPancreas
’ o+f

— All postganglionic, (except in Gl tract, where |
autonomic ganglia cells \ Fat and sugar metabolism
and dendrites 0

— Adrenal medulla i

Muscarinic receptors: ‘ e

- Alltarget organs innervated ]
by postganglionic para- 7_E_ /
sympathetic nerve fibers Bz in bronchi, urinary bladder, : i
(and sweat glands innervated uterus, gastrointestinal tract, N /

by sympathetic fibers) etc.

Lumbar

B Usually inhibitory
(except in heart, where

Sacral

Genitals s ;
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Binding of NE

HE to a2 receptor

_ Inactivates Ca®*
o2 adrenergic receptor channel

Funkcni antagonismus i

v ramci sympatiku

A

PK
@;es \'/

cAMP Dephosphorylates
levels
decrease

Activates

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

G protein

(b) Binding of NE to a2 adrenergic receptors

Binding of NE
to B receptor

Activates Ca2*

channel
i PKA
Activates
cAMP Phosphorylates
Activates //"'-,l/\‘x 74 levels
G protein increase
Cholinoceptors Adrenoceptors:
Nicotinic receptors: o Usually excitatory
= All postganglionic, (except in Gl tract, where
autm\orgic ganglia cells they are indirect relaxants)
and denarites B Usually inhibitory
- Adrenal medulla (except in heart, where
Mu\lc.mmc receptory: they are excitatory)
~ Alltarget organs inhervated i
by postganglionic para- iy mainly In heart
1ympaﬂwtn: nerve fibers B2 in branchi, utinary bladder,
(and sweat glands innervated uterus, gastrointestinal tract,
by sympathetic fibers) el
» Postganglionic: Cholinergic o Preganghonic: Cholinesgic s Postganglionic: Adrenergic




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.

NOAd zvysSuje celkovy periferni odpor, tepovou frekvenci
srdce a tim i krevniho tlak.



Acetyl Cholin
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Chovani

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

MysSleni jako ,internalizace® chovani pomoci pojmu reci

Usuzovani
c
R 4]
-
(@]
L
O
<
E IUéeni
)
Podminéné
reflexy

Instinkty

\

Nepodmingne
— - reflexy

_ \
~ Taxe

Geologicky cas

Bezobratli
Obratlovci >




Reflexes Drives Ins:;tlm_:ts Cognitions
Motivations

Cingulate cortex

Amygdala

Hypothalamus

I

o PAG ]

T [ Hunger-thirst (Working) memory
5\ _ Sex-attack Attention

S Spinal cord Learning

(@)

Central pattern

Frontal cortex

Potential for neuromodulation "

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, emoce

Dorsal root

Sensory
S neuran

i root
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Maotor
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Instinktivni chovani: v zakladech vrozené, modifikované zkusenosti.

vyladéni, motivace
apetencni chovani
kliCovy podnét
konecné chovani
klidova faze

Vakuovy déj
Nadnormalni klicovy podnét



Instinktivni chovani: v zakladech vrozené, modifikované zkusenosti.

vyladéni, motivace
apetencni chovani
kliCovy podnét
konecné chovani
klidova faze

B

Vakuovy dé€j
Nadnormalni klicovy podnét




Instinktivni chovani: v zakladech vrozené, 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 — rychla zména funkce

Pre- i Post-

synaptické

modifikace

sighalového
prenosu

po drazdéni

554

CHAPTER 18

(@) Normal synaptic transmission

Axon
terminal

Dendritic
spine

(b) Induction of LTP

/. Enhances
subseqguent
transmitter

With repeated

activation of AMPA
receptors, the change |

in postsynaptic

membrane potential  [FmE
drives Mg=" out of
NMDA channel

_ release -

Increased Ca>*
‘concentration’
activates CaM

Retrograde
messengers:
NQO, arachidonic
acid, and others




Synapticka
Plasticita-dlouhodoba

Modifikace stavby —
Jak presynapticka...

tvar synapse
se modifikuje




Synapticka plasticita - dlouhodoba

...Tak postsynapticka: dendritické trny mistem prestavby
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Chemie nervového systemu
Ucmky na psychiku

Uginky neurotransmiter: prostiednictvim synaptického pfenosu

neurctransmiter :

serotonin
acetylchaolin

snizena

g-aminomaselna

dostupnost {aktivita :

neurotransmiteru)
deprese

lek

s antidepresivum

Alzhelmerova nemocé inhibitory acetylcholinesterazy,

Uzkost

. ktera odbourava acetylcholin
- amxiolytika (usnadiuji Uéinek

kyselina (GABA)‘ ¥ (tzv. generalizovana) ' kyseliny g-aminomaselnga)

dopamin

Ev?éeha
._+

pozitivni pfiznaky
schizofrenle

- antipsychotika (blokuji
: Ucinek dopaminu)




Priklady testovacich otazek ke zkousce z Fyziologie Zivoéichu

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 buiiky 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
protichudna koncentracéni sila se vyrovnavaji — je blizko svému rovnovaznému potencialu.

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

Priklad spravné odpovédi na plny 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.



