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Cich a chut’



Cich a chut’ jsou ,,chemické smysly*, které spolu Gzce souvisi
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Cich
e Schopnost vnimat chemické latky ve vzduchu

e Podminil rozvoj kdry
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Cich
e Schopnost vnimat chemické latky ve vzduchu
e Podminil rozvoj klry
* ldentifikace mista

* I|dentifikace potravy
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Cich
Schopnost vnimat chemické latky ve vzduchu
Podminil rozvoj kury
Identifikace mista
|dentifikace potravy

Clovék je mikroolfaktoricky tvor

— Ubytek analytickych schopnosti vedl k relativnimu zvyraznéni
psychologické komponenty

Smysly - motorika
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Cich

Smysly - motorika

Bt /'Lo/\ O\fﬂd@\/\/

Ethanol Ethy] acetate Benzaldehyde  4-Hydroxyoctanoic
v v . v . . , ilcoholic ethereal bitter almond acid lactone
Cloveék je schopen rozlisit asi 80 chemickych 2mM 0.06 mM 0.3 mM ﬁ‘f&’”mﬁi
latek a 144-10000 vuni
Vyssi citlivost vici liposolubilnim molekulam
Y. ] 20 Pentadecalactone  Dimethvlsulfide Ewﬁnclmat 16-en-
Cich s vekem vyrazné degeneruje dizpl i winos T““*",:;“,;;;““"
0.1 nM
E CQ( o X
z Geasmin plonone  Zlscbutyk3-
B eartlny Ncnnd!nal vialet methoxvpyrazine
A 0.1 nM cucutber 0.03 nM bell pepper
007 0,01 nd

http://www.slideshare.net/drpsdeb/presentations
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10 Smysly - motorika

(o] y

10 zakladnich kategorii vun
v viné (pfijemna)
v’ dfevo/pryskyfice

v’ ovoce (kromé citrust)
v’ Hniloba
v’ Chemikalie
v Peprmint
v’ sladké viiné
v’ Popcorn
v’ palcivé/stiplavé viné
v citrén

Categorical dimensions of human odor descriptor space revealed by non-negative matrix factorization.

Castro JB, Ramanathan A, Chennubhotla CS.
PLoS One. 2013 Sep 18;8(9):e73289. doi: 10.1371/journal.pone.0073289. eCollection 2013.
PMID:24058466
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https://www.ncbi.nlm.nih.gov/pubmed/24058466

11

10 largest-valued descriptors for each of the 10 basis vectors obtained from non-negative matrix factorization.

W1 W2 W3 W4 W3 Wo W7 W8 W9 W10
FRAGRANT WOODY, RESINOUS  FRUITY. OTHER SICKENING CHEMICAL MINTY, SWEET POPCORN SICKENING LEMON
THAN CITRUS PEPPERMINT
FLORAL MUSTY, EARTHY, SWEET PUTRID, FOUL, ETHERISH, COQL, VANILLA BURNT, SMOKY GARLIC, ONION FRUITY. CITRUS
MOLDY DECAYED ANAESTHETIC COOQLING
PERFUMERY CEDARWOOD FRAGRANT RANCID MEDICINAL AROMATIC FRAGRANT PEANUT HEAVY FRAGRANT
BUTTER
SWEET HERBAL. GREEN, AROMATIC SWEATY DISINFECTANT, ANISE AROMATIC NUTTY BURNT. SMOKY ORANGE
CUT GRASS CARBOLIC (LICORICE) (WALNUT ETC)
ROSE FRAGRANT LIGHT SOUR. VINEGAR  SHARP. PUNGENT. FRAGRANT CHOCOLATE OILY, FATTY SULFIDIC LIGHT
ACID
AROMATIC AROMATIC PINEAPPLE SHAFRP, GASOLINE, MEDICINAL MALTY AT MOND SHAFRP, SWEET
PUNGENT, ACID  SOLVENT PUNGENT, ACID
LIGHT LIGHT CHERRY (BERRY) FECAL (LIKE PAINT SPICY ATMOND HEAVY HOUSEHOLD COOQL, COOLING
MANURE) GAS
COLOGNE HEAVY STRAWBERRY SOURMILK CLEANINGFLUID SWEET CARAMEL  WARM PUTRID, FOUL,  AROMATIC
DECAYED
HERBAL, GREEN, SPICY PERFUMERY MUSTY, EARTHY, ALCOHOLIC EUCALIPTUS  LIGHT MUSTY, SEWER HERBAL, GREEN,
CUT GRASS MOLDY EARTHY. CUT GRASS
MOLDY
VIOLETS BURNT, SMOKY BANANA HEAVY TURPENTINE CAMPHOR WARM WOODY. BURNT RUBBER SHARP PUNGENT.
(PINE OIL) RESINOUS ACID

Smysly - motorika

Categorical dimensions of human odor descriptor space revealed by non-negative matrix factorization.

Castro JB, Ramanathan A, Chennubhotla CS.

PLoS One. 2013 Sep 18;8(9):e73289. doi: 10.1371/journal.pone.0073289. eCollection 2013.

PMID:24058466
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https://www.ncbi.nlm.nih.gov/pubmed/24058466
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http://www.slideshare.net/drpsdeb/presentations
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13 Smysly - motorika

http://www.slideshare.net/drpsdeb/presentations

0123456
Time (5)

Stimulation of

olfactory soma
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Piriformni kortex éiCh

* Percepce

Tuberculum olfactorium

*  Systém odmény (€
* Napojeni na striatum Olfactory

Entorindlni kortex
e Pamét
* Napojenina
hippocampus

Amygdala
* Viz. Limbicky systém
Orbitofrontalni kortex

(Prefrontalni kortex)
*  Kognitivni funkce

e Rozhodovani

» Spoje - piriformni, entorinalni, chutovy k.,
sekundarni oblasti, hypotalamus,
amygdala

http://www.slideshare.net/drpsdeb/presentations
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Chut’

* Schopnost vnimat chemické latky rozpusténé ve slinach
 Uzka souvislost s ¢ichem
* |dentifikace potravy

* Napojeni na systém odmeny

15 Smysly - motorika
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Chut’

* Schopnost vnimat chemické latky rozpusténé ve slinach

e Uzka souvislost s ¢ichem

* |dentifikace potravy

* Napojeni na systém odmeny
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Circumvallabe
{cranial nerve

http://www.slideshare.net/drpsdeb/presentations
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18 Smysly - motorika

Chut’

Gustatory
cortex

Thalamic
nucleus
{ventral
—Pons posterior
medial
nucleus)

Solitary nucleus
in medulla oblongata

nerve (Vi)
Vagus

Gl {nerve X)

pharyngeal

nerve (1X)

http://www.slideshare.net/drpsdeb/presentations
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http://media.tumblr.com/1abd820225a3792d0787cd3b53ada989/tumblr_inline_maqyyza95171qz4rgp.png



= =
m &

Sluch a rovhovaha



Sluchovy systém

* Prevod zvukovych vin na receptorovy a akcni
potencial

* Prevod do CNS

e Zpracovani informace ze ziskaného signalu

— Interpretace zvuku
— Interpretace vyznamu pro organismus

Dristance —»=

http://www.slideshare.net/drpsdeb/presentations
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Zvuk

* Vznika vibraci pevného objektu ve vzduchu
Ci vode

» Charakteristiky vinéni
— Frekvence — vyska tonu
— Amplituda — intenzita

— Barva — dana zastoupenim harmonickych
kmitoctu

* Jednoduchy zvuk Distance —3
o SIOie ny ZVU k http://www.slideshare.net/drpsdeb/presentations

21 Smysly - motorika
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Zvuk

* Jednoduchy (Cisty)

* Slozeny
— Hudebni
* periodicky
— Nehudebni (hluk, Sum)

* neperiodicky

22 Smysly - motorika

Pure Tone (sine wave)

AN
VAA!

Complex Waveform (Sum of Pure Tones)
Amplitude

Time

Moise

http://www.earmaster.com/music-theory-
online/ch03/chapter-3-2.html

http://www.acoustics.salford.ac.uk/acoustics_info/sound_synthesis/

Dristance —

http://www.slideshare.net/drpsdeb/presentations

= =
m e
O =




23 Smysly - motorika

Slys

HUMAN
20-20,000Hz

ELEPHANT
5-12,000Hz

DOG
50-45,000Hz
CAT
45-65,000Hz
MOUSE
1,000-100,000Hz
BAT
2,000-120,000Hz

BELUGA WHALE
1,000-120,000Hz

DOLPHIN
75-150,000Hz

10

itelné spektrum

100 1,000 10,000 100,000

http://www.slideshare.net/drpsdeb/presentations
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Intenzita a hlasitost zvuku

* Intenzita zvuku
— Dana amplitudou
> Sepot—20dB
» Mluvené slovo - 65 dB
» Tryskovy motor — 100 dB
» Prah bolesti— 120 dB

* Hlasitost - subjektivné vnimana
intenzita

24 Smysly - motorika
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25 Smysly - motorika

Zevni ucho

v Pfevedeni akustického signalu ve vnéjSim prostfedi na bubinek

http://www.slideshare.net/drpsdeb/presentations
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Stredni ucho

v Pfevod signalu z bubinku na ovalné okénko a perilymfu - osikularni vedeni, kostni vedeni

26 Smysly - motorika
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Stredni ucho

e Znacny rozdil akustickych impedanci
vzduchu a perilymfy

e Zesileni signalu
— Plocha bubinku/ovalného okénka
— Pakovy mechanismus stfredousnich klstek

e QOchranna funkce
— m.stapedius a tensor tympani
— Eustachova trubice

27 Smysly - motorika

Malleus } ;-

Manubrium

of Malleus Stapedial

Stapes Footplate

Oval Window
: _ (Small Area)
Tympanic

Membrane Q
(Large Area) 77/ /\|
. 11 Smaller Area
“ﬁ// ;:E:’F’:rri‘: Same Force
oL/ ] HIGHER

PRESSURE
Force applied to a larger
area is concentrated
onto a smaller area

http://slideplayer.com/slide/3433153/

= =
m e
O =



28 Smysly - motorika

Vnitrni ucho

v Pfevedeni mechanického vinéni perilymfy na nervovy signal

Cross section of cochlea

Afferent  membrane  har cells of Corti
AXONS

http://www.slideshare.net/drpsdeb/presentations
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1 4 y

Tonotopické usporadani

*  Proximaini konec (baze) PR A _

— vysokeé frekvence -
froquency o —

. Vé 7 000 Hz
e Distdlni konec (apex) Medum  F =3 —
— nizké frekvence 10,000 Hz
:‘IE:LHIH;',' _<3 —
RO:"“H v'”ndn“r \l CUH]L‘I'L‘K 13 ) —

ﬂl}}))) /; sound i B et —

http://www.slideshare.net/drpsdeb/presentations
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Bazilarni membrana

* Bazalni c¢ast
— Uzkd a tuha
v’ Vysoké frekvence

* Apikalni ¢ast

— Siroka a mékka
v" Nizké frekvence

30 Smysly - motorika

ww, BrainConnection. com
P Slembill Lesning Comparalion

AVATAVAVATAY

High frequency Basilar membrane

Hair cells

byl l ||Il IIi |
|"I}|'I|'|||III |

Base: narrow and tight

A

Basilar
membrane

Decoding high frequency Decoding low frequency Frequency producing
with maximum wave with maximum wave maximum amplitude in
amplitude at the base B amplitude at the apex C the basilar membrane

https://www.semanticscholar.org/paper/Mass-and-Stiffness-Impact-on-the-Middle-Ear-and-the-Kim-
Koo/16a2a6b5ffd1c963efd906ceal09277bfbf0d7e3/figure/3
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Cortiho organ

P Helicotrema —e
> Vnitini vlaskové burky
> cca. 3 500

Owval window

Scala
Malleus

vestibuli

Incus

»\Vnéjsi vlaskové burky N
> CCa. 12 OOO Tympanum

Scala
media

»Membrana tectoria

tympani

Round window

http://www.slideshare.net/drpsdeb/presentations
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Vnitrni vilaskove bunky

» Vlastni smyslové buriky

32 Smysly - motorika

http://www.slideshare.net/drpsdeb/presentations
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Vnejsi vilaskove bunky 4) PR _
o 0)) e, @ =
* Modulace signalu ‘n))% o -
v" Amplifikace signalu pozadovanych frekvenci T —
ﬂ)))) fremcency = ==
e PocCet roste smérem k apexu (nizké frekvence) al) w i=—
Stereocilia %
™
Electromotile
Response
N4
\5#

A\

Nucleus

Afferent  membrane  har cells of Corti

axons The Outer Hair Cell

http://www.slideshare.net/drpsdeb/presentations

33 Smysly - motorika http://www.neurophys.wisc.edu/auditory/johc.html
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Zpracovani signalu

* Nucleus spiralis cochleae
* Nucleus cochlearis ventralis
— Informace o intenzité
— Casova prodleva pro smérové sly$eni
* Nucleur cochlearis dorsalis
— Informace o vysce
e Olivarni jadra
— Analyza sméru
— Modulace (zvyseni) citlivosti zevnich vlaskovych bunek

e Colliculi inferiores
— Integrace informace z nizSich struktur
— Ddlezité centrum akustickych reflext

* N. corporis geniculati medialis
— Thalamus

* Primarni sluchovy kortex

34 Smysly - motorika

Caudal
midbrain

Pons-
midbrain
junction

Mid-pons

Cochlear nuclei
Daorsal

Pasteroventral
Anteroventral

http://www.slideshare.net/drpsdeb/presentations
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35 Smysly - motorika

Sluchovy kortex

http://www.slideshare.net/drpsdeb/presentations
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Vestibularni systém

* Asociace se sluchovym systémem
— Anatomicka lokalizace
— Vlaskové bunky

v Informace o poloze
v Informace o zrychleni

— Linedrnim
— Uhlovém

36 Smysly - motorika

endolymph supe_ri_clr
semicircular canal bany
perilymph labyrinth
: : suUperior
h-:ur1_2|:|_ntal i_ cemicircular duct memt!r'annus
semicircular labyrinth

vestibule

canal \ il

horizontal i \ cochlea
semicircular—— M :

duct - i

posterior ——— . _: s " 4

semicircular
canal

: armpullae b
posterior o

semicircular

S round

_ wwindosy
oval window cochlear duct

=1997 Encyclopaedia Britannica, Inc.

http://www.slideshare.net/CsillaEgri/presentations
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Informace o poloze a
linearnim zrychleni

utricle

macula

saccule

i . AAT iy - L enlargement
* Utriculus ot f—\ i
— Macula horizontalné : = W

- _._.;__._..-'—I:Iil.'.lhthlﬂ

° M acu |a Backward
— Krystalky CaCO, |

° Deceleration \ Fembrane
Sacculus . h T} stersccie
— Macula vertikalné . Ly kinocilium IE LS
1 . i } Type @
THFIE'] , & " g Fiair caell
hair cell [ ] & " # w
A -T ‘-\%EUDDDHIHQ

nerve fibre basement membrane cells

http://www.slideshare.net/CsillaEgri/presentations
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38 Smysly - motorika

Mechanismus recepce signalu

Ohnuti smérem ke stereocilii
— otevreni mechanicky aktivovanych K+ kandl(i —depolarizace

Ohnuti smeéerem od stereocilie

— uzavreni kanall - hyperpolarizace

Receptor potential

Merve impulses

_______________ -

http://www.slideshare.net/CsillaEgri/presentations

-
W
Hyperpolarization
Depolarization
oo LU L NNt [ 4 [ L0y | 1 L]
Resting Increased Decreased
discharge impulse impulse
frequency frequency
Excitation Inhibition

= =
m e
O =



Informace o uhlovém

zrychleni

 Ampulla

* Semicirkularni kanalky
— Horni

— Horizontalni
— Zadni

39 Smysly - motorika

vegtibular system

crista

ampulla

enlargement PR B, A8
of crista

Cupula displacemant

cupuls

hair

bundles
Inertial flow A
of endolymph

nerve fibre
£ 997 Encyclopssdis Brit snnios, Ino

Rotation of semicircular
canal (angular acceleration)

-

http://www.slideshare.net/CsillaEgri/presentations



Vestibularni jadra

v’ Integrace vestibularnich,
vizudlnich a
somatosenzorickych informaci

v’ Projekce
* Cerebellum

Okulomotoricka jadra

Jadro of n. Accessorius —
kréni svaly

RGzna spinalni jadra

Thalamus - kara

40 Smysly - motorika

Vestibular area in
cerebral cortex

Ventral posterior
nucleus in thalamus

Vestibular branch of
vestibulocochlear

(VII) nerve
Vestibular
ganglion \
.:.'\ :' - .

Oculomotor nerve
(1) nucleus

Trochlear nerve
(IV) motor nucleus

i \ Abducens nerve
(V) motor nucleus

Cerebellum

Accessory nerve (XI) nucleus
r;
Spinal cord -—% g

http://www.slideshare.net/CsillaEgri/presentations

Vestibulospinal tract
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Svetlo

v Elektromagnetické vinéni o vinové délce cca. 400 — 700 nm

<— Increasing Frequency (V)
102 1072 10 10'® 10'6 10" 10" 10" 108 10° 10* 107 10 v (Hz)
| | | | | I I | | | | | I

Y rays X rays uv IR Microwave |FM AM Long radio waves
Radio waves

I
| | | | | | | | | | |
' 1" 102 10 10°% 1076 107 1072 10° 10° 10* 10° 108 A (m)

P R Increasing Wavelength (L) —

1 Visible spectrum !

400 500 600 700
Increasing Wavelength (A) in nm —

42 Smysly - motorika https://upload.wikimedia.org/wikipedia/commons/f/f1/EM_spectrum.svg
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43 Smysly - motorika

Michani barev

£

RGB

Additive ©
Color mixing light

Rep GreeN BLUE

CMYK

Subtractive s o
Color mixing 1nk

CvyaN MAGENTA YELLOW

http://www.indiana.edu/~jkmedia/classes/images/colormodes.jpg
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44 Smysly - motorika

Fotoreceptivni organ

v’ Detekce svétla

v'Vytvareni obrazu
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Detekce svetla

Efognitive
. e <. performances
* Cirkadialni aktivita PR Mood
. .. . nervous system ' ’
— Vsechny prokaryontni i eukaryontni \ Tt g’lct;fgirw
organismy Sleep B /7
— Cyklus den/noc je nejvlivnéjsi a nejstabilnéjsi ~ ' ,"’f’ o Memory
biorytmus / ~—
LIGHT
Pineal gland -
L e S Melatonin
Hypumaﬁrﬁ'u: id
0 i Braln ~ Hormones
\ / ! \
f ‘ Cell cycle
EI%LL%GEIEM Peripheral clocks
https://www.pointsdevue.com/article/good-blue-and-chronobiology-light-and-non-visual-functions
45 Smysly - motorika
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Detekce svetla

Cognitive
performances

* Cirkadialni aktivita A
v ;. , nervous system I ’
— Vsechny prokaryontni i eukaryontni \ maams _ Motor

” ’ activity
J"

Mood

organismy Sleep i
— Cyklus den/noc je nejvlivnéjsi a nejstabilnéjsi ~ g Vemory
biorytmus X .
LIGHT
WAV AN
— Osciluje s periodou cca. 24 hodin i pfi absenci o "
zevnich stimulu % g Hormones
. 7 . vV ewvys Vé I'.“' -fr \
— Synchronizovany vlivem vnéjsich podminek 4 ‘ -
g ell cycle
EI%LL%GEIEM Peripheral clocks

e Sezonni aktivita

https://www.pointsdevue.com/article/good-blue-and-chronobiology-light-and-non-visual-functions
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Cirkadialni aktivita

Noon
12:00

High alertness
10:00

Highest testosterone secretion
09:00

Bowel movement likely08:30

Best coordination
14:30

Fastest reaction time
15:30

Melatonin secretion stops

Greatest cardiovascular efficiency
07:30,

and muscle strength

Sharpest rise 17:00

in blood pressure06:45)°

18:00

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

1:00 Melatonin secretion starts

02:00 .
Deepest sleep 2:30
00:00 Bowel movements suppressed

Midnight

https://upload.wikimedia.org/wikipedia/commons/thumb/3/30/Biological_clock_human.svg/2000px-Biological_clock_human.svg.png
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Biologicke hodiny

Fineal gland

e Bunécha uroven

300
— Expresni vzorce (cyklicka exprese vzajemne 200 Plasma
propojenych protein() melatonin
* Periferni exprese Clock proteinu 100+ (pmolil)
 Tkanova uroven 37.5 A
. ’ -y are
— Periferni oscilatory 37.0 body
— Nadledviny, plice, jatra, pankreas, klize 36.5-\/- Efg;ﬂ
— VyuZivaji rdzné informace Aﬂﬂ_—w—-—
* Centralni pacemaker s Plaiiia
— Hypothalamus (nucleus suprachiasmaticus) _ cortisol
< 100 (nmolll)
* Centralni exprese Clock proteinu m—
* Informace ze sitnice (specializované gangliové buriky) — 0 24
synchronizace centralniho pacemakeru .
rs . Adrenal Time (h)
» Epifyza — melatonin gland
» Autonomni nervovy systém - nadledviny — kortizol A.J. Hesse, G.E. Duffield adapted from Hastings, M. BM) 1998;317:1704-1707

http://slideplayer.com/slide/7013288/
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Synchronizace centralniho pacemakeru

Wahl S, Engelhardt M, Schaupp P, Lappe C, Ivanov IV. The inner clock-Blue
light sets the human rhythm. J Biophotonics. 2019; e201900102.

retinal ganglion cell RGC

amacrine cells

Suprachiasmatic Nucleus (SCN)

Paraventricular Nucleus (PVN) —

Superior Cervical Ganglia

FIGURE 2 Signal transduction of circadian information. A
melanopsin induced signal from the ipRGCs is transmitted via the

bipolar cell optic nerve

Intrinsically photosensitive

o .
retinal ganglion cells ipRGC (1% of ganglion cells)

retino-hypothalamic tract (blue) to the hypothalamic pacemaker /s

FIGURE 1 Cross sectional view of the retinal system. Light

. neurons in the suprachiasmatic nucleus (green), the human “master
traverses the system from the left, cones and rods transmit visual P (g ).

information via the bipolar cells, amacrine cells, and ganglion cells to clock™. The circadian information is transmitted further downstream via

the optic nerve. The sparse subset of intrinsic photosensitive retinal the paraventricular nucleus (yellow), intermediolateral cell column in
49 Smysly - 1 ganglion cells can induce signals themselves, due to their possession of the vertebral gray matter, superior cervical ganglion (brown) to the

a separate photopigment, melanopsin pineal gland (purple), which is responsible for melatonin secretion
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Vytvareni obrazu

v’ Informace o tvaru

v Informace o barvé

v Informace o umisténi
v Informace o pohybu

» Interpretace obrazu

Flattened
Lens

50 Smysly - motorika

Accommodated

Lens

Smaller
Pupil

http://www.slideshare.net/CsillaEgri/presentations

A ANATOMY Comeal
epithelium
Anterior chamber 1 Pupil Comea
1 | !
and aq_ueuus humor \ | ‘/’ Iris
Pﬁmemr = / ;"I Limous
Ciliary chambar. | ; -.“ I,-" IEELFIEI of Schlemm
muscle—__ ) | _ ! _Conjunctiva
TI - o -. A= gt e . o
g ___é?’ S, .['_‘:”iar-!'II
|
Zonal Ciliary ,
/ fibars apithelium
. Vitreous humor
Madial Lateral
rectus rectus
muscle Cho rc::nii.‘lmH muscle
Optic disc Fletina\ Jr

(blind spot)

Sclera™ RN

Optic nerve____
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Fixation

POt Light

Vytvareni obrazu
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(&) Rod (B) Cone
r
r
-
-
- Pigment
/f’ ~epithelium
-
- Outer )
P segment
Retina .
€ Inj/" glﬁ;olar !_Duler
-~ segment
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. Inmer | Inner
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Optic M
BVE ~
Pigment Optic nene o
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Y
N
A
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Retina

Table 26-1 Differences Between Rods and Cones and Their Neural Systems

Rods
High sensitivity to light, specialized for night vision
More photopigment, capture more light
High amplification, single photon detection
Low temporal resolution: slow response, long integration time
More sensitive to scattered light
Rod system
Low acuity: not present in central fovea, highly convergent retinal
pathways
Achromatic: one type of rod pigment

Cones
Lower sensitivity, specialized for day vision
Less photopigment
Lower amplification
High temporal resolution: fast response, short integration time
Most sensitive to direct axial rays
Cone system
High acuity: concentrated in fovea, dispersed retinal pathways

Chromatic: three types of cones, each with a distinct pigment
that is most sensitive to a different part of the visible light
spectrum
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Luminance of

white paper in:

Visual function g
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o N B EZ8EREZ

Receptor density (mm ™ x 107)

B0 B 40 20 a 20 40 60 B0
Temporal Eceentricity (degrees) MNasal

Luminance {log cd /m )
—h -4 -2 0 2 4 B 8
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Opsin

— G —protein

Fotopigment tycCinek

Rhodopsin

e Retinal
— Aldehyd retinolu (vit. A)

11-cis retinal
H,C CH; H

All-trans retinal
H.«C CH; H
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Fotopigment Cipku

* 3 typy Cipku - 3 typy fotopigmentu
— Modry (420nm)
— Zeleny (530nm)
— Cerveny (560nm)

* \lysledny barevny vjem
je dan pomeéerem aktivity
jednotlivych typu Cipku

— Pf. oranzova (580nm)
* Modra: 0%
e Zelend: 42%
« Cervend:99%

Smysly - motorika

Light absorption
(percent of maximum)

Blue Rod Green Red
cone cone cone
100 - A97 e\
0 y
75 -
50 -
25
]
i /| \
0 1 = T
400 500 600 700
Wavelength (nanometers)
Violet Blue Green RGN m
Hall: Guyton and Hall Textbook of Medical Physiclogy, 12th Edition
Copyright © 2011 by Saunders, an imprint of Elsevier, Inc. All rights reserved.
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Fotorecepce

Dark Light
Rod
oLrber p—
Ro "i segment
Fotoreceptory ve tmé kontinualné vylucuji b

excitacni neurotransmiter (glutamat)

cGMP

l-l'l'l-'l'}[-[ i1

Uéinkem svétla se membrana
hyperpolarizuje, coz vede ke snizeni
vylucovani glutamatu

N

EEmrm e

Hod
Iier
segment
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Adaptace na svetlo a na tmu

* Opticka adaptace - et

Rod
oRiber
segment

— Fotoreakce zornic

« Adaptace fotoreceptoru
— Ca?inhibuje guanylatcyklazu
— cGMP gated Na* kanaly....

— Tma

* Vyssi hladiny Ca%* = snizeni cGMP - Membrana
vice hyperpolarizovana - ,vyssi senzitivita”

— Svétlo
A4 . 2 rv ’ 7 Ilnd
* Nizsi hladiny Ca** - zvyseni cGMP - membrana inner
vice depolarizovana - ,nizsi senzitivita“ segment

http://www.slidesare.net/drpsdeb/presentations
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Sitnice

* Fotoreceptory

* Interneurony
— Horizontalni bunky
* Horizontalni propojeni
— Bipolarni bunky
* Vertikalni propojeni
— Amakrinni bunky

e Horizontalni i vertikalni propojeni

* Gagngliové bunky
— Tvorba AP
— Transmise AP do mozku

57 Smysly - motorika
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Sitnice

Fovea
— Mala konvergence signalu
* Malé receptivni pole

* Vysokeé rozliseni
— Mala senzitivita ke svétlu

Periferie sitnice

— Velka konvergence signalu

* Velké receptivni pole

* Nizké rozliseni

— Vysoka senzitivita ke svétlu

58 Smysly - motorika

B PERIPHERY OF

A CENTER OF THE
RETINA (FOVEA) THE RETINA
ey e

P> <Y

Cone Cone
Rod._
"~ Photo-""
receplors
“ [The receptive field of ganglion

N Receptive fields =~

of ganglion cells cells at the retina periphery is

much larger than that at the
fovea.
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Receptivni pole

Surround"
Centre of area ;& i
rece recaptive
ﬂlldpm iNuminated
Muminated Al
i A
C b ( m

~_ Photoreceptor Photoreceptor

hyperpolarized hyperpolarized
- Horizontal cell
hyperpolarized
2 b Bipolar cell \
depolarized m‘;&ﬁ:ﬂ“ d
' Direct path Indirect path
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Receptivni pole

cantral part af peripharal
receptive fiskd recaptive fisld “Surround”
Centra of area of
| receptive receptive field
field illuminated
illuminated ey
= ; P
' = - - -
LUn center i f 1 | O¥F coniter
—— | | | | | —
=3 = | Photoreceptor ‘ | M | Photoreceptor P ~
/ \ | hyperpolarized | | | hyperpolarized /
/ N\ I¢ K L B 7 N\
/ \ J i (#) ) /

J/ | ; ) A hyperpolarized \ \ Y,

/ horizontal call L AL
X S ~ et B N N o3
—— ™~ hipolar cell S —
i | i | Direct path Indirect path | i | I | | ||
=i i el Tl
| | ]“HH[ il =l .|1T1
T UK 1 |
| Il | | I |
| 1 Il | I
I TN 4 1|
T UL ALARERL e
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Receptivni pole

On center OMF conter
e e
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Receptivni pole

Prgmenited cell

Hod

Cione

Hareomtal cell

Armacrine cell

Bipalar cell

Ganghon <ell
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Receptivni pole

* Magnocelularni systém
— Velka receptivni pole
— TycCinky i Cipky
— M gangliové bunky (10%)
— Vysoka rychlost vedeni
— Dobra senzitivita na jas/nizky kontrast
— Minimalni senzitivita na barvu

63 Smysly - motorika

A M cells
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Receptivni pole

* Magnocelularni systém

Velka receptivni pole

TycCinky i Cipky

M gangliové bunky (10%)

Vysoka rychlost vedeni

Dobra senzitivita na jas/nizky kontrast
Minimalni senzitivita na barvu

e Parvocelularni systém

Mala receptivni pole

Cipky i ty¢inky

P gangliové bunky (80%)

Pomala rychlost vedeni

Spatnd senzitivita na nizky kontrast
Dobra senzitivita na barvu

64 Smysly - motorika

A M cells

B Pcells

On-center

Off-center
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Receptivni pole

* Magnocelularni systém

Velka receptivni pole

TycCinky i Cipky

M gangliové bunky (10%)

Vysoka rychlost vedeni

Dobra senzitivita na jas/nizky kontrast
Minimalni senzitivita na barvu

e Parvocelularni systém

Mala receptivni pole

Cipky i ty¢inky

P gangliové bunky (80%)

Pomala rychlost vedeni

Spatnd senzitivita na nizky kontrast
Dobra senzitivita na barvu
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Nervus opticus a tractus opticus

* Nervus opticus
— Informace z jednoho oka
— Informace z ,celého” zorného pole

* Tractus opticus
— Informace z obou oci
— Informace z poloviny zorného pole

66 Smysly - motorika :
https://www.aafp.org/afp/2013/0901/p319.pdf

Fixation point
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Zrakova draha

* Nucleus corporis geniculati lateralis
— Thalamus
— Veétsina signalu
— Dale cestou radiation optica do neokortexu

* Hypothalamus

— Regulace cirkadialni aktivity

* Pretectum

— Pupilarni reflex

* Colliculi superiores
— Reflexni pohyby odi a hlavy
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Primarni zrakovy kortex

Retinotopicka organizace

Fixation point

IIIII\I\IIIIIII' ||||\||||HHH G —Fovea
;V__}\ N /

AN
A
Monocular Binocular Monocular
segment segment segment

Optic
chiasm

Left
. hemisphere hemisphere
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Vestibulookularni refelx
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Nystagmus

* Nekontrolované rytmické konjugované

pohyby oc¢nich bulbu

* Fyziologicky
— Postrotacni
— Optokineticky

* Patologicky

v’ Periferni

e Poruchy vestibularniho systému

v' Centralni

* Poruchy CNS (cerebellum, medencefalon...)
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Classifying nystagmus
The various types of jerk and pendular nystagmus are illustrated below.

JERK NYSTAGMUS
Convergence-refraction
nystagmus refers to the
irrequtar jerking of the
eyes back into the orbit
during upward gaze. it
can indicate midbrain
tegmental damage.

Dowmbeat nystagmus
refers to the imegular
downward jerking of the
eyes during downward
gaze. It can signal lower
medullary damage.

Vestibular nystagmus, the
horizontal or rotary move-
ment of the eyes, sug-
gests vestibular disease
or cochbear dysfunction.

PENDULAR NYSTAGMUS
Horizontal, or pendular,
nystagmus refers 1o os-
cillations of equal velocity

around a center paint, It iy ’f

can indicate congenital
loss of visual acuity or
multiple sclerosis.

Vertical, or seesaw;, nys-
tagmus is the rapid, see-
saw movement of the
eyes: One eye appears fo
rise while the other ap-
pears to fall. i suggests
an optic chiasm lesion.

http://dxline.info/img/new_ail/nystagmus.jpg
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Sakadické pohyby

Asistence pfri Reflexni

Volni tani sakid
, v rizeni Saka sledovani
(zdmérné) y
) béhem pohybu
sledovani /
Supplementary Posterior
eye fields parietal corex
Frontal
eye figlds

Caudate
nucleus

Superior
colhculus

https://en.wikipedia.org/wiki/Saccade#/media/File:Szakkad.jpg

Substantia nigra
pars reticulata Mesencephalic
and pontine reticular

formations

https://s-media-cache-ak0.pinimg.com/564x/51/f7/26/51f7267e7c8a59caa90f904cd4f965eb.jpg
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Pupilarni reflex

O

Pretectal . » Action potentials
nucleus i from right eye reach
both right and left
Deulamotor pretectal nuclei,

merves (1) \ / fn
Ciliary A ,/ é" |
gaﬂglla f‘_;::r/‘ '-..___ @
e

| f The pretectal
\ nuclei stimulate
./ D W" - / both sides of the
(@) Lightis shined on (¥, < e Eddinger-Westphal

4 L -, nucleus even
right eye only. though the light was

erceved only in
@ The right and left sides th right eye. q
L o af the Eddinger-WWestphal
- L\(:‘I_T nuclei generate action

patentials through the

right and left aculomotor
nerves, causing both pupils
to constrict.

http://www.ubooks.pub/Books/B0/E27R7642/MAIN/images/1509_Pupillary_Reflex_Pathways.jpg
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Uvod

* Motoricka akce je vysledkem aktivity
dolniho motoneuronu

* Dolni motoneuron je soucast lokalniho
reflexniho okruhu

75 Smysly - motorika

Primary motor cortex

m/fnhum-07-00085-g001.jpg

sin.org/files/Articles/42416/fnhum-07-00085-HTML/image

http://www.frontier



Uvod

* Motoricka akce je vysledkem aktivity
dolniho motoneuronu

* Dolni motoneuron je soucast lokalniho
reflexniho okruhu

e Dolni motoneuron integruje informace z
rdznych vstupu
— VysSi etaze CNS
»Horni motoneuron, tectum, n.
ruber, mozkovy kmen
— Propriocepce
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Primary motor cortex

2t —
2\

/ &—— Corticospinal tract

Spinal cord

8

Ia afferent

http://www.frontiersin.org/files/Articles/42416/fnhum-07-00085-HTML/image_m/fnhum-07-00085-g001.jpg
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Uvod

* Motoricka akce je vysledkem aktivi
dolniho motoneuronu

* Dolni motor

in.org/files/Articles/42416/fnhum-07 g0085-HTML/image_m/fnhum-07-00085-g001.jpg

http://www.frontiers
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Dolni motoneuron

° o motoneuron
— inervace kontraktilniho
aparatu
— extrafuzalni vlakna
— svalova kontrakce

°* Yy motoneuron
— inervace svalovych vretének
— intrafuzalni vlakna

— adjustace délky svalového
vieténka

— gama klicka

* B motoneuron
— Intrafuzalni i extrafuzalni viakna
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Eupra 5plnal

Imput: |

-

Typel alpha
GENEOTY NErve

T "
2,
Guadriceps
@ )
Gamma Fusimator -
@ fiber

Extensor .—

http://epomedicine.com/wp-content/uploads/2016/07/gamma-loop.jpg
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Dolni motoneuron
Topografie

Motor nuclei Short propriospinal

Dorsolateral
motor nucleus
(to limb muscle)

interneurons

Ventromedial
motor nucleus
(to axial muscle)

Long propriospinal
nterngurons

http://www.slideshare.net/drpsdeb/presentations

= =
m e
O =



Motoricka jednotka

e ,Primérny“ sval inervovan asi 100 motoneurony,
které tvori motorické jadro

* Kazdy motoneuron inervuje asi 100-1000
svalovych vlaken a kazdé svalové vlakno je
inervovano pouze jednim motoneuronem

80 Smysly - motorika

Aponeurosis

http://www.slideshare.net/drpsdeb/presentations
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81

Motoricka jednotka

,Pramérny“ sval inervovan asi 100 motoneurony,
které tvori motorické jadro

Kazdy motoneuron inervuje asi 100-1000
svalovych vlaken a kazdé svalové vlakno je
inervovano pouze jednim motoneuronem

Soubor svalovych vlaken inervovanych jednim
motoneuronem tvori spolu s témito
motoneurony motorickou jednotku

Smysly - motorika
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Typy svalovych viaken

Rychla vlakna Pomala vlakna
» Stavéna na vykon » Stavéna na vydrz

» Rychld unavé odolna vldkna- bézny vykon » 0dolna vidi unavé

» Rychld unavitelnda vlakna — vysoky vykon

(B} (€

200 1000 1500
Time {ms)
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Typy svalovych viaken

Rychla vlakna Pomala vlakna
» Stavéna na vykon » Stavén a
» Rychld unavé odolnd vildkna- bézny vykon \a\‘e
> Rychla unavitelnd vldkna — vysoky vykon C
. 5\|a\o\N a\“
(A) (B) \‘C\\ P S\|
" (- +ne\O
1 oM \us"
\‘\ - p . ?\S\ Fast
. W \ 0 i
1] i
ome “ \ “a ‘\,x/ ‘% 100 ||" Fast fan,gmhremmnt
m e ol Eii o o [TLERET TN
10 m
e\ ey (I
T rmeam o ety 0 e
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Nabor motorickych jednotek

m. gastrocnemius u kocky

| Fast
fatigable

~ fatigue-

0 —F Slow
0 25 20 =] 100

Percent of motor neurcn poocl recruited
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Nervosvalova ploténka

Setting the stage

The events at the neuromuscular
junction {(NMJ) set the stage for
E-C coupling by providing
excitation. Released acetylcholine
binds to receptor proteins on the
sarcolemma and triggers an action
potential in a muscle fiber,

Axon terminal of
rrolar meuran 51 MK

(1) The action potential (AF)
propagates along the
sarcalomma and down thoe
T tubiiles.

@Gll:ﬂuﬂ ions are oleased.
Transmission of the AP along the

= | Tiubules of the triads couses the
voltage-sensitive lubule proteins 1o
change shape. This shape change
opans the Co release channels in
the terminal cistems ol the
sarcoplasmic reticulum (SR),
aliowing Ca®* 1o flow into the
eytosel.

@
I v
-
Tropon Tropomyosin
9 blocking active sites
i - ——— Myosin

@Gnl:luﬂ binds to
troponin and removes
the blocking action of

. . . Active sites exposad and
R ready for myasin binding

yosin. Whan Ca™
binds, troponin changes
shape, exposing binding
sites for myosin (active
sitea) on the thin filaments.

@Gon!mcuqn begins:
Myosin binding 1o actin
forms cross bridges and
coniraction (cross bridge
eycling) begins. At this
point, E-C coupling is over.

The aftermath

When the muscle AP ceases, the voltage-sensitive tubule proteins return
to their original shape, closing the Ca?* release channels of the SR. Ca?-
levels in the sarcoplasm fall as Ca?* is continually pumped back into the
SR by active transport. Without Ca®*, the blocking action of tropomyosin
is restored, myosin-actin interaction is inhibited, and relaxation occurs.
Each time an AP arrives at the neuromuscular junction, the sequence of
E-C coupling is repeated.

http://classes.midlandstech.edu/carterp/Courses/bio210/chap09/210_figure_09_11_labeled.jpg
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Nervosvalova ploténka

Axon terminal of
somatic motor neuron

+,
+
*
+
+
+
Q0 e o redcuum
Z disk + )" _/_— Troponin
Actin — Tropomyosin M line

Myosin head

https://s3.amazonaws.com/classconnection/803/flashcards/9818803/png/initiation-151586429D6310D1C56.png
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Vlakna pricn

(D¢

o Myosin heads
hydrolyze ATF and
become reanented
and enargized

9 Myosin heads
bind to actin,
forming

crossbridges

Contraction cycle confinues if
ATP is available and Ca®™ level in
the sarcoplasm is high

o As myosin heads
bind ATP, the
crossbndges detach
from actin

Myosin heads rotate
toward center of the
sarcomere (power
siroke)

http://www.sivabio.50webs.com/mus019.jpg
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Typy svalove kontrakce

e |sotonicka kontrakce
> Konstantni tonus
> Koncentricka x excentricka

kontrakce
Stimulating Stimulating
electrodes electrodes
s)
Kymaograph __Muscle

ol ) S

onic force
ransducer +

To electronic
recorder

ISOTONIC SYSTEM ISOMETRIC SYSTEM
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* |zometricka kontrakce

> Konstantni délka

Isometric contraction

Muscle contracts
but does not shorten

Concentric contraction

i ‘ *
= Movement ¥\

/f%

Eccentric contraction

No movement

(a)

(b)

https://i0.wp.com/colebradburn.com/wp-content/uploads/2013/02/contractions.jpg
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Propriocepce

* Informace o vzajemné poloze jednotlivych
casti téla

(suma informaci o délkach svall)

* Informace o pohybu
(sile a rychlosti svalové kontrakce)

Muscle
spindle

Extrafusal
muscle fiber

» Reflexni regulace svalové Cinnosti

 Svalova vreténka

— Paralelni zapojeni — informace o délce Golgi

tendon
organ

 Slachova vieténka Tendon
— Sérioveé zapojeni — informace o napéti

http://www.slideshare.net/CsillaEgri/presentations
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Reakce svalovych vretének a Golgiho slachovych
vietének na protazeni a kontrakci svalovych viaken

(B) MUSCLE PASSIVELY STRETCHED

MUSCLE ACTIVELY CONTRACTED

o Muscle contracted @ Muscle contracted

re.net/drpsdeb/presentations

.net/drpsdeb/presentations

http://www.slidesha

http://www.slideshare

Protazeni (pasivni) Kontrakce (aktivni)
Odpovéd svalovych vretének Odpoved Golgiho slachovych vretének
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Hierarchicka organizace motorického systému

91 Smysly - motorika

= =
m e

O =



Hierarchicka organizace motorického systému

92 Smysly - motorika




Reflex

Reflexni motoricka odpoved
— Stereotypni (predvidatelna)

— Mimovolni

* Proprioceptivni

* Exteroceptivni

 Monosynaptické
e Polysynaptické

* Monosegmentalni
* Polysegmentalni
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The afferent and efferent Sensory cell body

fibers often pass in the same
nerve.

white matter

Integration
cener

/ N
__ Association
| , :'ﬁeuron-/

Motor neurg

Sensory neuran

Stimulus #

Response —

oinal cord (CNgG) Matter

T BEMUAMIMACLIANIMNGS

Motor cell body
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I B 4

Proprioceptivni misni reflexy

DRG cell

* Myotaticky reflex

— Monosynapticky

— Monosegmentalni N/

— Svalova vreténka

» Homonymni sval - aktivace
» Antagonista - inhibice Muscle spindle

Rectus femoris

. Vé v o ¢ QJ@ .I-\I:-'i_/
v’ Fazicka odpovéd (la) <

— Ochrana pred nadmérnym natazenim 4~ Semitendinosus
extrafuzalnich vlaken

[

v’ Tonickd odpovéd (la all)

— Udrzeni svalového tonu
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Afferent path: Action

""" potential travels through ————,

" Receptor: Muscle _ sensory neuron.
spindle stretches
and fires. b

- Stimulus: //.l -

Tapto tendon .
 stretches 1w
nuscie. P

..hr v

The patellar tendon (knee jerk) reflex
illustrates a monosynaptic stretch

center:

Sensory ne

synapses in
oinal cord

" Efferent path 2: Interneuron
e nhibiting somatic motor neuron

reflex and reciprocal inhibition of [ Efferent path 1:
the antagonistic muscle. g Somatic motor
) [Eﬂmtur 1=mnm1mpu]
muscle A
[ Response: Quadriceps LA~ o /
contracts, swinging lower | o
By e Effectc E:Hlm:h'lng]
muscle
I‘n. : Response: Hamstring
: i | |stays relaxed, allowing
. b extension of leg
\ % (reciprocal inhibition).

Copyright © 2007 Pearson Education, Inc., publishing as Benjamin Cummings,
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(A} Muscle spindle

)

Increase spindle
afferent discharge

Muscle spindle

Homonymous
muscle
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Proprioceptivni misni reflexy

* Inverzni myotaticky reflex

— Monosegmentalni

— Di-polysynapticky

— Golgiho Slachova vreténka
» Homonymni sval — inhibice
» Antagonista — aktivace

v Ochrana svalu pfed mechanickym
poskozenim pri velké zatezi
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DRG cell

la fiber—

Muscle spindle
Rectus femoris

[
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Golgi tendon reflex protects the muscle from excessively heavy loads by causing the muscle to relax and drop the load.

Muscle —, 2 —Inhibiting 0/' |

interneuron \ Neuron from Golgi

tendon organ fires.

. o

Motor neuron
Golgi tendon [ is inhibited.
organ
=] f Muscle relaxes.
{d) Muscle contraction stretches Golgi
tendon organ. (e) If excessive
load is placed on Load is dropped.
muscle, Golgi tendon
reflex causes relaxation,
thereby protecting muscle.
Copyright © 2007 Pearson Education, Inc., publishing as Benjamin Cummings. Flg 13-6b
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Exteroceptivni reflexy

* Polysynapticke

* Polysegmentalni
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STEP 1: 1 STEP 2:
\ ‘ Dorsal

Arrival of stimulus ) Activation of a

and activation of } sensory neuron
receptor / f,f
/
I &
.r'! &
2d / " REFLEX
e Receptor ARC
Stimulus L
Effector \ ST
& _::\ W | Information
processin
STEP 5: W meNs
e

T Activation of a
b Ufootos motor neuron

http://images.slideplayer.com/15/4638059/slides/slide_37.jpg

Sensation

relayed to
the brain by

KEY

—— Sensory neuron
(stimulated)

=== Excitatory

interneuron
— M on
(s )
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Exteroceptivni reflexy

To motor neurons in other segments of the spinal cord

1 |

y

ey

b
-

* Polysynapticke

* Polysegmentalni

L L

Extensors — _H.-*

http://www.easynotecards.com/uploads/920/77/1c7a7974_150bb922c9b__8000_00004383.png

' inhibited 4" -l| A}
Flexors /\ '_.r'f Extensors
stimulated ( . stimulated
\ \ : \— Flexors
s A inhibited
\
\ -*J KEY
\ p— — SEI’ISOI‘}\‘ neuron ===« Motor neuron
%2 5 - (stimulated) (inhibited)
e = + - Excitatory = === Inhibitory
interneuron interneuron
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Hierarchicka organizace motorického systému
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Pohyboveé vzorce a rytmicke pohyboveé vzorce

Fixed action patterns (napf. polykani)
— Neuronové sité zajistujici komplexni motorickou akci

Central pattern generator (napr. chuze, dychani)
— Neuronové sité produkujici rytmickou aktivitu
— ,,Spontanné opakované fixed action patterns”
— Zpétna vazba neni nutna

Lokalizace
— Chlize — mozkovy kmen, dolni hrudni a lumbalni micha
— Dychani — mozkovy kmen
— Polykani - prodlouzend micha/kmen

* RuUzné vyjadrena kortikalni modulace
— Chuze (mozno plné kontrolovat)
— Dychani (mozno ¢astecné kontrolovat)
— Polykani (mozno zahajit)
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niput

Inpat

niput

9]

niput

[}

Cutput
Cutput

Faclltation

Cutput

Inhibitian

Cutput
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Pohybove vzorce a rytmické pohyboveé vzorce

A Extension o

Fast walk

left leg I
Flexion
right leg

Trot

Gallop

stmuation -t R

midbrain
amplitude
CPG timer
gait velocity phase
command steps/s duration SSheaiy
from basal —»lﬂ_l_ﬁl—lh ext phase
ganglia, 7y — = switch —¥
hypothalamus flex override
gait velocity steps/s

CPG patterny
forming
layer

J\M s

amplitude

— »,|motor

Aneuron
0 fpoos

gait velocity

ext

—» muscles

force

—
0bs

F 3

stretch
reflexes

intrinsic
muscle
propertie
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|‘

4

displacement

—>

| la, ll, b afferents [¢e

https://en.wikipedia.org/wiki/Central_pattern_generator

Fig. 1. Neural control of locomotion. A) Increments in
the intensity of stimulation of the MLR in the high
decerebrate cat increased the cadence (step cycles/sec)
of locomotion. Adapted from Shik et al. 1966.[22] B)
Schematic of the velocity command hypothesis: a
command signal specifying increasing body velocity
descends from deep brain nuclei via the MLR to the
spinal cord and drives the timing element of the spinal
locomotor CPG to generate cycles of increasing cadence.
Extensor phase durations change more than flexor
phase durations. The command signal also drives the
pattern formation layer to generate cyclical activation of
flexor and extensor motoneurons. Loading of the
activated muscles (e.g. supporting the moving body
mass) is resisted by the muscles' intrinsic spring-like
properties. This is equivalent to displacement feedback.
Force and displacement sensed bymuscle

spindle and Golgi tendon organ afferents reflexly
activate motoneurons. A key role of these afferents is to
adjust the timing of phase transitions, presumably by
influencing or overriding the CPG timer. Adapted from
Prochazka & Ellaway 2012.[23]
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Pohyboveé vzorce a rytmické pohybové vzorce

drive (MLR)

Whelan PJ. Shining light into the black box of spinal
locomotor networks. Philosophical Transactions of the
Royal Society of London B: Biological Sciences.
2010;365:2383-2395.
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Figure 1. Schematic of model by Rybak & McCrea. The
populations of interneurons are indicated by spheres, while
the motoneurons are represented by diamonds. This three-
layer model consists of a thythm-generating layer of extensor
(RG-E) and flexor (RG-F) intemeurons. Both populatons
have recurrent excitatory connections (see also figure 2).
These interneurons in turmn receive mutually inhibitory
input (Inrg cells). The drive projects to a pattern formation
layer (PF), which acts through murtually inhibitory connec-
tions (Inpf cells) to sculpt the patern, which is then
output to the extensor and flexor motoneurons. The final
output of the motoneurons is modulated by a final layer of
[a inhibitory interneurons (Ia-E, Ia-F) and Renshaw cells
(R-E, R-F). Arrows indicate excitatory drive, while the
filled circles indicate inhibitory drive. Reproduced with
permission.

CPG RG-E

rhythm
generator
PF-E

pattern
formation

¢ extensor
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Planning

Volni motorika

Execution
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Volni motorika

* \Vysledek soucinnosti horniho a
dolniho motoneuronu

e Bazalni ganglia

— Motoricky ,,gating” —iniciace
zadoucich a inhibice nezadoucich
pohyb

e Mozecek

— Koordinace pohybu
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Pyramidova draha

e Horni motoneuron

— Primarni motoricky kortex

* Dolni motoneuron

— Predni roh misni

* Tractus corticospinalis lateralis
— 90% vldken

* Tractus corticospinalis anterior

— 10% vlaken

— Nejkadualnéjsi vlakna zasahuji do hornich
thorakdlni ch segmentu

 Tractus corticobulbaris
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Primary motor area of cerebral cortex

RIGHT SIDE e LEFT SIDE

OF BODY i OF BODY
Internal
capsule

UPPER

MOTOR

NEURONS

Fans \ Crossing
J \ in medulla
@ L Left lateral
- corticospinal

tract

Right anterior

corticospinal
tract
Sr_c-ssing in — LOWER
spinal cord @ MOTOR
4 NEURONS

Spinal -
nerve — to skeletal

= ¥ muscles

Sninal cord
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Primarni motoricky kortex

Swallowing Primary

motor cortex Intra-

Copyright & Pearson Education, Inc., publishing as Benjamin Cummings.
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Kortikalni motorické oblasti

* Primarni motorickd oblast (area 4)
— Somatotopické usporadani
— Kontrola dolnich motoneuront

* Premotoricky kortex (area 6 lateralné)
— Priprava strategie pohybu pohybu
e Sensorimotoricka transformace
* \ybér pohybovych vzorcu

* Suplementarni motoricka oblast (area
6 medidlné)
— Podili se na planovani komplexnich pohybl
* Pohyby pomoci obou koncetin
* Slozité pohybové sekvence

— Aktivovana i pfi predstaveni si komplexniho
pohybu
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Area 4
Area 6 ~" 7 Central P::iﬁ;lo r
2 M1 sulcus s i
PMA 1 cortex
SMA Area 5
Prefrontal f ; -.
P | - 3 . Area 7
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Bazalni ganglia

* Corpus striatum
— Nucleus caudatus
— Putamen

Globus pallidus (Pallidum)
— Externum
— Internum

Nucleus subthalamicus

Substantia nigra

— Pars compacta
— Pars reticulata

Motoricka jadra thalamu

110 Smysly - motorika

(B)

Cerebrum

Motor cortex

--u . ’#-. &
2 < bibalamic Jl
i led

Midbrain

Substantia nigra
pars compacta

Substantia nigra
pars reticulata
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Bazalni ganglia
(B} Indirect and direct pathways

Indirect
pathway

Rizeni motoriky realizovdno dvéma okruhy

v Pfima draha

Aktivace motorického kortexu

v Nepfima draha

Inhibice motorického kortexu

http://www.slideshare.net/drpsdeb/presentations Wl w s &
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Dopaminergic projections

* Pro Cinnost corpus
striatum je stézejni
dopaminergni
projekce ze s. nigra
pars compacta

» Aktivace primé drahy
» D1 receptory

* Inhibice neprimé
drahy
» D2 receptory
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(B} Indirect and direct pathways
Indirect
pathway

http://www.slideshare.net/drpsdeb/presentations

= =

m
O =



Bazalni ganglia
* Vedle motorické smycky existuji i dalSi smycky,
které jdou pres jina thalamicka jadra

e ,Gating”jiného druhu informace

e Asociacni smycka
* Limbicka smycka

e Bazalni ganglia hraji vyznamnou roli v procesu
mysleni

* Spoje corpus striatum jsou plasticke, coz
umoznuje uceni a toto mélo nesmirny evolucni
vyznam
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B
\E) YA /VL complex

Cerebrum of thalamus

Caudate
nucleus

Puitamen

Globus
pallicus,
pxternal
and intermal
segments

Subthalamic
i led

Midbrain

Substantia nigra
pars compacta

Substantia nigra
pars reticulata




Mozecek

e Koordinace

 Podobné jako bazalni ganglia hraje
i mozecek nezastupitelnou roli
nejen pri koordinaci pohybu,
ale i pri ,koordinaci“ myslenek

- Vestibulocerebellum

- Spinocerebellum
- Cerebrocerebelum
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Regulation of
muscle tone,
coordination of
skilled voluntary
movement

Planning and
initiation of
voluntary activity

Maintenance of
balance, control
of eye movements

http://www.slideshare.net/HarshshaH103/cerebellum-its-function-and-releveance-in-psychiatry
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