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Svetlo

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

<— Increasing Frequency (V)
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https://upload.wikimedia.org/wikipedia/commons/f/f1/EM_spectrum.svg
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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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Fotoreceptivni organ

v’ Detekce svétla

v'Vytvareni obrazu
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Detekce svetla

Cognitive
* Cirkadidlni aktivita o O e Moo
v ;. , nervous system 1 ’
— Vsechny prokaryontni i eukaryontni \ ;.m“’ Lﬂcﬁfﬁirw
organismy Sleep bl Tel ’,";
— Cyklus den/noc je nejvlivnéjsi a nejstabilnéjsi ™~ N Memory
biorytmus ~ .

LIGHT

Pimeal gland -
=== === g e =====Molatonin

-
-

Hypuﬂtalai‘mus

-
B B

J i _— Hormones
l"‘-«. r.r . \
r ‘ Cell cycle
EI%LL%G[:IEM Peripheral clocks

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

Efognitive
e Cirkadialni aktivita P AR Mood
. .. nervous system '
— Vsechny prokaryontni i eukaryontn

\ ’Ihalamus Motor

” , activity
’.ﬂ'
S |EE[J Cartex ,"’
N 4
I - o

— Cyklus den/noc je nejvlivnéjsi a nejstabilnéj 7 o Memory

organismy

(7214

biorytmus X
LIGHT

Pineal gland -
Op———m=—— i g === Mplatonin

-
-

H]Ipuﬂmla?nus

Brain Hormones

II.I' ] stem
\ y \
r ‘ Cell cycle
EI%LL%E[:IEM Peripheral clocks

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

Efognitive
. .« 7 ’ « . pPerformances
* Cirkadialni aktivita i Mood
v ;. nervous system I ’ Mot
- amus otor
Vsechny prokaryontni i eukaryontn \ e 7 i
organismy Sleep bl Tel ’,";
— Cyklus den/noc je nejvlivnéjsi a nejstabilnéjsi ~ g Memory
biorytmus A .
LIGHT
WAV AN
— Osciluje s periodou cca. 24 hodin i pfi absenci P "
zevnich stimulu % g Hormones
\ r \
— 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 Best coordination
Highest testosterone secretion 14:30
99:00 Fastest reaction time
Bowel movement likely 08:30 15:30

Melatonin secretion stops

Greatest cardiovascular efficiency
07:30

and muscle strength

Sharpest rise 17:00

in blood pressure06:45

06:00 18:00

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

1:00 Melatonin secretion starts

02:00
Deepest slee 2:30
= P 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

 Bunécna uroven
— Expresni vzorce (cyklickd exprese vzajemné
propojenych protein()
* Periferni exprese Clock proteinu
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Biologicke hodiny

e Bunécna uroven
— Expresni vzorce (cyklickd exprese vzajemné
propojenych protein()
* Periferni exprese Clock proteinu
 Tkanova uroven
— Periferni oscilatory
— Nadledviny, plice, jatra, pankreas, klize
— Vyuzivaji rdzné informace
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Biologicke hodiny

 Bunécna uroven
— Expresni vzorce (cyklickd exprese vzajemné
propojenych protein()
* Periferni exprese Clock proteinu
 Tkanova uroven
— Periferni oscilatory
— Nadledviny, plice, jatra, pankreas, klize
— Vyuzivaji rizné informace
* Centralni pacemaker

— Hypothalamus (nucleus suprachiasmaticus)
* Centralni exprese Clock proteinu

* Informace ze sitnice (specializované gangliové buriky) —
synchronizace centralniho pacemakeru

» Epifyza — melatonin
» Autonomni nervovy systém - nadledviny — kortizol
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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
14 Vision | 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
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https://www.fotoskoda.cz/images/manufacturers/camera_obscura.png
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Vytvareni obrazu
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https://www.fotoskoda.cz/images/manufacturers/camera_obscura.png

http://de.academic.ru/pictures/meyers/large/030717c.jpg
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Vytvareni obrazu

Flattened Accommodated
Lens Lens

Larger Smaller
Pupil

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

A ANATOMY

Comeal
epithelium
Anterior chamber | Fru pil  Comea
h \ )

and aqueous humor '. I i

Fosterior ] Limbils

h S,
Ciliary SHRITEY = / IEemal of Schlemm
muscle—___

f{]n}mu netiva

Ciliary
body

|
Zonal Ciliary
fibers

epithelium W

Madial Vitraolis humor Lataral
rectus rectus
muscle Chaoroid muscle
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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
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Fixation

POt Light

Vytvareni obrazu

(&) Rod (B) Come
-
r
P
s
- Pigment
/f’ ~epithelium
P
- Outer )
P segment
Retina .~
€ Inj/" glﬁ;olar !_Duler
-~ segment
,/
"
Fovea r
Foveola
\\
. Inmer | Inner
S segment segment
Optic M
ErVE .
Pigment Optic nene o
epithefiom  disc S
Y
~
Y
Y
AN .
~ . .
J Synapln: Synaptic
—_— terminal termital

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

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

white paper in:

Visual function g
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Receptor density (mm ™ x 107)
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Fotopigment tycCinek
Rhodopsin
* Opsin * Retinal

— G —protein — Aldehyd retinolu (vit. A)

oy 11-cis retinal
' H,C CH; H CH; H

c

Light O H

All-trans retinal
H,C CH;H CH; H CH; //,D
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Fotopigment Cipku

* 3 typy Cipkd - 3 typy fotopigmentu Blue Rod Greer i
— Modry (420nm) 100 - e~ A e w
— Zeleny (530nm)
— Cerveny (560nm)

~
)
|

N
6] ]
|

Light absorption
(percent of maximum)
a0
o
|

| | |
400 500 500 700
Wavelength (nanometers)

Violet Blue Green RGN m

Hall: Guyton and Hall Textbook of Medical Physiclogy, 12th Edition
Copyright @ 2011 by Saunders, an imprint of Elsavier, Inc. All rights reserved.

http://www.slideshare.net/CsillaEgri/presentations
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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%
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Light absorption
(percent of maximum)

Blue Rod Greer d
CcO nle t conc? e
100 - )
75 -
50 -
25
0 ! j T
400 500 500 700
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.
http://www.slideshare.net/CsillaEgri/presentations IVI U I\I I



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

e Ucinkem svétla se membrana

hyperpolarizuje, coz vede ke snizeni
vylucovani glutamatu

N

EEmrm e

Hod
Iier
segment

http://www.slideshare.net/drpsdeb/presentations
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Fototransdukce - tma
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CEMP—L;';ated
Guanylatcyklaza erannes
Na*
— cGMP e
cGMP-gateed Na* kanaly o
. /—.
— Na* influx
v ! Jé 7 Current
Napétové Ca?* kanaly fip
— Uvolnéni glutamatu o
—o
o
Udrzeni rovnovahy N
— K" eflux channele

— Na*/K* pumpa

Klidovy membranovy potencial —40mV

Outer segment

Cilium

Inner segment

= 0Na+

Active
transport

http://www.slideshare.net/drpsdeb/presentations
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Fototransdukce - sveétlo
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Interakce fotonu s fotopigmentem
lzomerizace subjednotek fotopigmentu
Kaskada reakci jejiz vysledkem je
aktivace cGMP fosfodiesterazy

— Snizeni hladiny cGMP

Deaktivace cGMP gated Na* kanald

K* eflux pokracuje

Hyperpolarizace membrany
— Deaktivace napétovych Ca?* kanall
— Snizeni vylucCovani glutamatu

cGMP-gated
channels
Na*
/— (o] (o]
/— [5] [0}
/— (o] (o]
Current
flux
K+
N—0 o
| o)
NS
= o Na*

K*-selective
channels

http://www.slideshare.net/drpsdeb/presentations
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Adaptace na svetlo a na tmu

e Opticka adaptace Dark

— Fotoreakce zornic

Light

Rod
oRiber
segment

« 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

MU
E

Zrak |

=



MUN I
ME D

77. Zaklady fyziologie zraku - vnimani svetla vs. vnimani
obrazu, cirkadialni rytmy

e Zakladni charakteritika svétla e Circadialni rytmy
* Detekce svétla (DS) vs. vytvareni obrazu (VO) e Definice + vyznam
* DS —témeér vSechny Zivé organismy * Biologické hodiny (bunécna, tkanova uroven,

- jedna z nejstarsich funkci SRUrRIRL [Pereemel )

* Prehled cirkadialni aktivity u clovéka
(“aktivni” hodiny, hodiny “odpocinku”,
* |IF - Funkéni prehled anatomie oka fyziologické zmeény, souvisejici hormonalni
(camera obscura s ¢ockou...) oscilace...)

- synchronizace cirkadialni aktivity
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78. Zaklady fyziologie zraku — funkce ty¢inek a €ipku,
on/off receptivni pole, nervus opticus vs. tractus opticus

* Funkce tycCinek a ¢ipku
e Characteristika a srovnani
* Mechanismus fotodransdukce a adaptace
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