FYZIOLOGIE VIDENI
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Zrak — nejdulezitéjsi smysl,
u Clovéka 80% informaci prichazejicich z vnéjsiho prostredi
pro zpracovani v CNS je ziskano prostrednictvim zraku

CNS zpracovava odlisné druhy zrakové informace soucasné
(simultanné) a okamZzité pomoci paralelnich subsystémi
zrakové drahy — na rozdil od akustické informace, ktera je
zpracovavana postupné (sukcesivné)

Oko: optické (rohovka, komorova tekutina, Cocka, sklivec)
a nervové elementy (sitnice)
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Pupilarni reflex (zUzZeni a rozsireni zornice)

-neuronalni draha zacinaijici v sitnici — n.opticus
-oddéleni do pretektalni oblasti k jadrim

okohybnych nerv(- Edinger-Westphalovo jadro
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FIGURE 12-8 Focusing point sources of light. (a) When diverging light rays enter a dense medium at an angle to its convex surface, re-
‘ractlon bends them inward. (b) Refraction of light by the lens system. For simplicity, refraction Is shown only at the corneal surface (site of greatest
~efraction) although it also occurs in the lens and elsewhere. Incoming light from a (above) and b (below] is bent in opposite directions, resulting
a1 b being above o' on the retina, (From Widmaier EF, Raff H, Strang KT: Vander's Human Physiology. 1160 ed. McGraveHill, 2008)
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SvétloCivné elementy: tyCinky a Cipky
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Obsahuji zrakové pigmenty, které se plisobenim svétla chemicky rozkladaiji.
Zaklad: sloucenina bilkovin opsinu a retinenu (derivat vit.A), plisobenim svétla pigment bledne, rusi se vazba mezi opsinem a retinenem. Rozpad pigmentu=nervovy vzruch=akéni potencial
v gangliovych burikach sitnice. PGsobenim vit.A se vazba obnovuje. Nedostatek vit.A- Seroslepost (nyktalopie)
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Phototransduction: Dark current

Partially active guanylyl cyclase keeps
cytoplasmic [cGMP] high in the dark

Outer segment contains cGMP-gated
cation channels

* |Influx of Na* and Ca?*

Inner segment contains non-gated K*
selective channels

¢ K*efflux
Resting, or dark V,, is -40 mV

concentration gradients maintained by
Na*/K* pump
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Ve tmé jsou sodikové kanaly drzeny otevrené plsobenim cGMP,
— Proud teCe od vnitrniho segmentu k zevnimu
p— svetlo kanaly uzavira — hyperpolarizace synaptickych zakonceni

—
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FIGURE 12-12 Effect of light on current flow in visual
receptors. In the dark, Na* channels in the outer segment are held
apen by cGMP. Light leads to increased conversion of cGMP to 5'-GMP,
2ridd some of the channels close. This produces hyperpolarization of
the synaptic terminal of the photoreceptor,
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Phototransduction: mechanism

Opsin + retinenl

Zrakovy pigment v tyCinkach
=rhodopsin,

Jeho opsin=skotopsin

Outer segment

membrane

Ve tmé je retinenl v rhodopsinu
Ve formé 11cis- svétlo preméni

Na all-trans izomer
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1. Absorption of a photon isomerizes retinal

a) Converts opsin to metarhodopsin Il

Extracellular
space

cGMP-gated
channel

/

fosfodiesteraza katalyzuje cGMP-5 GMP, uzavér
cGMPkanalt-hyperpolarizace-snizené
uvolnovani synapt.mediatoru-odpoveéd bipolarnich bunék

2. Metarodophsin Il activates the G-protein transducin
a) Activates cGMP phosphodiesterase (PDE)

3. PDE hydrolyzes cGMP to GMP
a) Decreased [cGMP] closes cGMP gated cation channels
b) Photoreceptor hyperpolarizes, less glutamate released



RETINA

Its organized on layers
Visual receptors+4types of neurons.
Many different synaptic transmitters

Pisment epithelium

Absorps light rays, prevention the reflection
of rays back through the retina

* Contains melanin to absorbs excess
light

e Stores Vitamin A

Photoreceptors

* Transduce light energy into electrical
energy

* Rods and cones

Ganglion cells

* Qutput cells of retina project via optic
nerve

Bipolar cells — 12 different types occur

Horizontal cells

Amacrine cells - 29types have been
described

* The neural elements of retina are bound
together by glial cells — Muller cells
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A CENTER QOF THE B FERIFHERY OF
RETINA (FOVEA,) THE RETINA

Periphery of retina

[1 High degree of convergence = large
receptive field

[ High sensitivity to light, low spatial
resolution

Fovea

light

[] Low convergence > small receptive fields

Electrical signal

[J Lower sensitivity to light, high resolution
(visual acuity)

~Photo-"
receplors

" by
.

The receptive field of ganglion
cells at the retina periphery is
much larger than that at the
fovea.

* Receptive fields =~
of ganglion cells




Neural circuits of retinal receptive
flelds
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Neural Circuits of Reting
Receptive Fields

Light stimulus on center:

} glu release from central
photoreceptor
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Surround

Neural Circuits of Retinal
Receptive Fields

Light stimulus on surround:
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Receptive fields

On-center/off-surround

OLight shines on center of
ganglion cell receptive field 2
ganglion cell increases AP firing

OLight on surround region 2
decreased AP firing

Off-center/on-surround

OLlight on center - decreased AP
firing

OLight on surround = increased
AP firing

B&L Figure 8-8

Light

Central spot
of light

@ i

Peripheral
spot

B On-center cell responses

(3 Off-center cell responses



TyCinky a Cipky reaguji na svétlo hyperpolarizaci

Horizontalni buriky - hyperpolarizaci

Bipolarni burniky hyperpolarizaci nebo depolarizaci

Amakrinni — depolarizac¢ni potencialy a hroty
typu generatorového potencialu slouzici pro vznik
AP v gangliovych burkach
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CO I O u r Vi S i O n Vnimani barev je ddno pomérem frekvence vzruchi ve 3

Systémech CipkU

Blue Rod Greer d

3 types of cones, each conte cone . conel e

photopigment with different
absorption spectra
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Colour interpreted by ratio o
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Guyton Figure 50-8



C. Aditivni miseni barev
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Binokularni videni

* Okohybné svaly —spolecna jednotka

* Funkce obou oci — kyklopské oko

* Fixujeme-li predmét a jiny je blize — heteronymni diplopie (vidime jej
zkrizené a dvojite)

* Fixujeme-li predmét a jiny je dale — homonymni diplopie
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Hloubkové videni - stereoskopicke

* \Vznika transformaci trojrozmérného prostoru na dvojrozmeérny v
receptorech sitnice

 Teorie vysvéetluje toto vidéni projekci predmétu na tzv.korespondujici
a nekorespondujici body sitnice

e Korespondujici — to jsou ta mista kam je promitan obraz bodu
fixovaného foveou — tyto body definuji horopter (mnozina vsech bodu
v prostoru, jejichz obraz dopada na korespondujici mista

 Geometricka aproximace — horopterova kruznice
* Fuze (splynuti obrazkl obou oci v jeden prostorovy)



Prekryvani obrazk( — tzv. fuze:
Co vidi pravé a co vidi levé oko
separatné

...a co vidime binokularneée
— obéma oCima



Co vidite — bud' svicen nebo 2 obliceje proti sobé.....zavisi na stavu vasich emoci, na tom, co oko vytahne z paméti, s ¢im se setkalo,
s ¢im porovnavalo




Priklady zrakovych klamu

N
22

Obr, 712, Heringova modiflkace Z8' lnerovy figury.,
Dlouhé rovnobéiky se zdaji shihat ke stfadu nebo k olkraji. Tento klam je podminin drobngjmi
pohyby obi, kterd jsou strhoviny Bilkmgmi dsedlami.

/
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Spankova kost

Bubinkova dutina
Kladivko
~ kovadlinka
S -E‘&:,g« ey 7 % -
vonkajsi == Tfminek — pfekryva foramen ovale
zvukovod T~ S

- T Eustachova
R - trubica

Bubinek — pfechod mezi vnéjsim a stfrednim uchem
Foramen rotundum

(funkéné patfi ke strednimu uchu)




SUedin uchno — zZabecpeCuje prevoad anustliCARycCrl sigridid

vrrdiirham

Vnitrni ucho — misto receptord

Membrana vestibulari

membrana basilaris

|
mémbréna tectoria

Vlaskové bunky
foramen rotundum

| EUStacnﬂﬁE HHB&

1 = E —= :—-:'— i_l-_:- =H :
20 000Hz 1500 500 Hz 20 H

e e e ——

Eust.tr.-vyrovnani vzdusného tlaku ve stfedousi s vnéjsSim barometrickym, normalné je uzaviena



pasobenie
boénych sil

podporné bunky

bazalna membrana

kupula

{1 résolovitd hmota

| — chumadiky vidskov

vidskové bunky

Struktura vlaskové burky
Lateralnim pohybem vlask( se drazdi receptor
— receptorovy potencial



Kosténé a blanité struktury vnitrniho ucha

utriculus

sacculus

slimak

helicotrema

Pro rovnovazny smysl sluchovy i rovnovainy scala vestibuli



Scala media

Membrana
tectoria

Intenzita zvuku se kéduje jako amplituda
receptorového potencialu, v dostredivych vlaknech
Jako frekvence AP; vyjadreni v decibelech

vnitrni vneéjsi

Cortiho _— L/
f vlaskové bunky

ganglion
Vyska ténu s frekvenci (poctem vin/cas)
scala tympani




Postupujici viny podél membrany

pro vysoké, stredni a nizké zvuky.

Mista na bazilarni membrané
s maximalnimi amplitudami vin
se oznacuji jako rezonancni body

(Javorka a kol. , 2014)
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Struktury Cortiho organu s umisténim vnitrnich a vnéjsich vlaskovych bunék

— I’
\-__ Me b-r-e'ma tectoria E?;EJ Sie vidskova
viititorna | H‘I A s
vidaskova T ) N |
Cortiho Q e
tunel B @ 3 _:@:
£ @f ./ {1 _ j
— L = i (7]
e e b ) ;
b7 / —

Pilifové burky

Bazilarni membrana

Javorka a kol. 2014



Sluchové drahy — spojeni mezi receptory Cortiho

Primarni sluchova kara orgdnu a primarni sluchovou ktrou

Primarni sluchova kulra

Colliculus inferior

Prodlouzena micha

oliva sup.
stup 2 kochlearnyeh
e o vstup z kochlear
eceploroy Hearnyeh

Javorka a kol, 2014



Tractus S

Sekundarni Cichové neurony

Bulbus olfaktorius

vrstvicka nosového
sekrétu

Rasinky &ichovych receptorG-primarni senzorické neurony

Chemoreceptory

Cichové sliznice

- Drazdény latkami, které

se rozpusti v nosovém hlenu,
plocha 5 cm?

Fylogeneticky nejstarsi smysl

- Henningova klasifikace pachu:
- Kvétinovy, ovocny, zZivicovy,
- Korenity, hnilobny, spaleninovy

- Citlivy smysl
(metylmerkaptan=¢esnek-400pg/1 | vzduchu)

- receptory se rychle adaptuji

- Hypoosmie —anosmie -hyperosmie

Poznamka: nervova zakonceni vliaken n.trigeminus — ¢pavek, mentol, chlor-spousti se reflexni odpovédi na drazdivé latky — zastaveni dychani, kychani, slzeni



caliculus
gustatorius

spojivove
tkanivo
porus
gustatorius
alerentné
chufové Nervove
receptory viakna

Chutové poharky a chutové chemoreceptory
drazdény chutovymi latkami rozpusténymi ve slindch

Chutové receptory v poharkach na sliznici jazyka,
epiglottis, patfe a faryngu

Vejcovity tvar, 50-60mikrom, 40 vlastnich chutovych
Receptorl=vlaskové bunky precnivajici do Ustni dutiny
Aferentni vlakna pfiléhaji na spodinu chutové buriky
(50 vlaken na 1 poharek)

Zakladni chuté: sladka (hrot jazyka)-slana (zadni okraje
-kysela (predni okraje)-horka (koren jazyka)
Navrh na 5.typ: umami



ku gyrus <
postcentralis

A

talamus

Tractus solitarius

n.glossophar.

Il UE]gl_lE

jazyk

Chutové drahy

Z prednich 2/3 jazyka

—chorda tympani — nervus trigeminus

Ze zadni Casti — nervus glossopharyngeus
Ncl.tractus solitarius v prodl.mise

Receptory jsou také adaptabilni,
Nizka rozliSovaci schopnost mezi dvéma latkami
Neustale se obnovuji

Hypogeuzia (pokles chutové aktivity)
Ageuzia - hypergeuzia



