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Light

v Electromagnetic radiation with wavelengths in range of 400 — 700 nm

< Increasing Frequency (V)
10% 10% 10% 10" 10" 10" 10'? 10" 10 10° 10* 10 10 v (Hz)
| | | | | I I | | | | | I
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1 Visible spectrum
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3 Vision | https://upload.wikimedia.org/wikipedia/commons/f/f1/EM_spectrum.svg
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Color mixing

light

RGB

Additive N
Color mixing

Rep GreeN BLUE

CMYK

Subtractive A
Color mixing ink

CvyaN MAGENTA YYELLOW

http://www.indiana.edu/~jkmedia/classes/images/colormodes.jpg
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Photoreceptive organ

v'Light detection

v Image formation
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Light detection

Circadian activity

— Both prokaryotes and eukaryotes
— Day/night cycle is the most influential and

Vision |

the most stable biorhythm

Cognitive
performances
Autonomic Mood
nervous system ’
Thalamus MO.tO'I'
\ " ’ activity
/
Sleep s /

\ /" ’ Memory

LIGHT

, Pineal gland -
o . . e .y . g o = Mol atonin

Hormones

Cell cycle

BI%LL%GCI}((:AL Peripheral clocks

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

MUNI
MED



Light detection

Efognitive
 Circadian activity ey AR Mood

nervous system ' ’
— Both prokaryotes and eukaryotes \ ;mwmus, aMcgggirty
— Day/night cycle is the most influential and Sleep e

the most stable biorhythm ~ | g Memory
LIGHT . ‘ 2
Ll pame e Rl

Hormones

Cell cycle

Bl%LL%GcIEAL Peripheral clocks

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

(rifognitive
. . « . periormances
e Circadian activity g Mood
nervous system ‘ ’
— Both prokaryotes and eukaryotes \ ;m.amus’ aMcotit\c/’irty
— Day/night cycle is the most influential and Sleep .
the most stable biorhythm “~ g Memory
/
LIGHT ——
. . . . Ineal gland -
— Oscillation with a period of aprox. 24 hours &L Melatorin
even without signals from environment e | ~
amus 1 Fea
— Environmental signals synchronize circadian - S Hognenss
activity ‘ \
/ Cell cycle
BI%LL%GCI}%AL Peripheral clocks
* Seasonal aCtIVIty https://www.pointsdevue.com/article/good-blue-and-chronobiology-light-and-non-visual-functions
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Circadian activity

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
07:30A

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

02:0C
Deepest slee 2:30
P 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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Biological clock

e Cellular level

— Group of proteins rhythmically expressed creating
interconnected feedback loops (about 24hours)
* Peripheral Clock protein expression
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Biological clock

e Cellular level

Group of proteins rhythmically expressed creating
interconnected feedback loops (about 24hours)
* Peripheral Clock protein expression

* Tissue level

Peripheral oscillators

— Adrenal gland, lung, liver, pancreas, skin

11 Vision |

Influenced by neurohumoral factors and also by light
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Biological clock

e Cellular level

— Group of proteins rhythmically expressed creating
interconnected feedback loops (about 24hours)
* Peripheral Clock protein expression
* Tissue level
— Peripheral oscillators
— Adrenal gland, lung, liver, pancreas, skin
— Influenced by neurohumoral factors and also by light

* Central pacemaker

— Hypothalamus (nucleus suprachiasmaticus)
* Central clock protein expression

* Information about illumination from retina (specialized ganglion
cells) — synchronization of central pacemaker

» Pineal gland - melatonin
» Autonomnic nervous system — adreanl gland - cortisol
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Biological clock

e Cellular level

— Group of proteins rhythmically expressed creating
interconnected feedback loops (about 24hours)

Peripheral Clock protein expression

e Tissue level
Peripheral oscillators

— Adrenal gland, lung, liver, pancreas, skin
Influenced by neurohumoral factors and also by light

* Central pacemaker

— Hypothalamus (nucleus suprachiasmaticus)

Central clock protein expression

Information about illumination from retina (specialized ganglion
cells) — synchronization of central pacemaker

» Pineal gland - melatonin

» Autonomnic nervous system — adreanl gland - cortisol
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A.J. Hesse, G.E. Duffield

Pineal gland
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http://slideplayer.com/slide/7013288/
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adapted from Hastings, M. BMJ 1998:317:1704-1707
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Central pacemaker synchronization

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

pigment epithelium
horizontal cells

Suprachiasmatic Nucleus (SCN)

Paraventricular Nucleus (PVN) —

Superior Cervical Ganglia

bipolar cell optic nerve

Intrinsically photosensitive FIGURE 2 Signal transduction of circadian information. A
0 .
retinal ganglion cells ipRGC (1% of ganglion cells) melanopsin induced signal from the ipRGCs is transmitted via the
tino-hypothalamic tract (blue) to the hypothalami ake y

FIGURE 1 Cross sectional view of the retinal system. Light FEnno }IPG ammie “?E ( lfe) 0 the ypotiaiamic pﬂCBm“ '

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

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 I\II U I\I I
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 I\/l E D
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Image formation
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Image formation
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Image formation

Flattened
Lens

4

P

Larger
Pupil
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Accommodated
Lens

Smaller
Pupil

http://mww.slideshare.net/CsillaEgri/presentations
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. A ANATOMY Comeal

Image formation

Anterior chamber |\ Pupil Comea

and aqueous humor | I' /s
» Sha pe Posterior \ ,.———]|" /' /  Limbus

chamber, " { Can:

Ciliary # I ‘._Canal of Schlemm

> Color muscle—_ L _Conjunctiva

> Localization
> Movement

» Image
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Fixation

POIAt  Light

Image formation

(4) Rad {B) Cone
r |
d I- ==Dhisks
s
d Pigment
- ~“epithelium
f,’ Chuber P, C}"tuplasrm,.: .
-~ Elgmnt space
Retina .7 -
’II cell hDuwr
-~ lasma cegment
g membrane
"
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\\
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AN segment sgglnmm[
- ) Miicleus
Pigment  Optic "o \\
epithelium  disc "
A
~
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* -
Y , y \ |
~ / ] _ | |
J s Synaptic | Synaptic Synaptic
R — terminal vesicles Synaptic

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:

T 160
TK 140
E 120
= 100
ey
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. &0
§ 40
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Temporal Eceentricity {degrees) Nasal
Luminance {log cd /m™?)
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| :
Starlight Moonlight Indoor lighting
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Visual function 3
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Photopigment of rods
Rhodopsin

 Opsin e Retinal
— G —protein — Retinol aldehyde (vit. A)

11-cis retinal
H.C CH; H CH, H

http://mww.slideshare.net/CsillaEgri/presentations
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Photopigments of cones

e 3 types.of cones - 3 types of Blie poq Green Red
photopigment cng_/ _y oonelie
— Blue(420nm) & |
— Green (530nm)
— Red (560nm)

—_

o

o
|

~
)
|

no
6] ]
|

Light absorption
(percent of maximum)
o)

o
|

I T
400 500 600 700
Wavelength (nanometers)

Violet Blue Green REUG ! 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
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Photopigments of cones

e 3 types.of cones - 3 types of Blie poq Green Red
photopigment 00 cn97 " con | cq\ne
— Blue(420nm) & Mo\
— Green (530nm)
— Red (560nm)

~
)
|

* Colorisinterpreted by
ratio of cone stimulation

Light absorption
(percent of maximum)
N o)
(6) o
| |

— Orange (580nm) 400 500 500 700
* Blue: 0% Wavelength (nanometers)
* Green: 42% Violet Blue Green RAIEY, m
. Red:99% i ot s o etk o e gy gt

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

Dark Light
Rod
ouber —_—
R':":;]::::__ segment
Photoreceptors continuously release b =

neurotransmitter (glutamate) in darkness

cGMP

I l'l-'l{'g-l il

In response to the light, the membrane
hyperpolarizes and release less
neurotransmitter

2

Kod
inner
segment

http://www.slideshare.net/drpsdeb/presentations
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Phototransduction
* Guanylate cyklase

— cGMP
e cGMP-gated Na* channels

— Na* influx

* Voltage gated Ca?* channels
— Release of glutamate

 The balance is kept by

— K* efflux
— Na*/K* exchanger

* Resting membrane
potential: —40mV

Vision |

- darkness

cGMP-gated
channels \
Na*
o ) Quter segment
/— (o] (o]
/— [5] (o]
Current
flux
Cilium
K+
° o -— Inner segment
~—0 0 -
LO O ‘_J +
» o Na )
K*-selective K*o Active
channols transport
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Phototransduction - light

 Photon is absorbed by photopigment
* |somerization of retinal
e (Cascade of reactions result in

cGMP phosphodiesterase

— cGMP levels decreased

e Deactivation of cGMP gated Na*
channels

e Kt efflux continues

* Membrane hyperpolarization
— Deactivation of voltage Ca%* channels
— Decrease in glutamate release

Vision |

cGMP-gated
channels
Na*
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/— (o] (o]
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= o Na _
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Adaptation to the light/darkness

* Optic adaptation
— Constriction of pupils

* Photoreceptor adaptation

Vision |

CaZ*inhibits guanylate cyclase
cGMP gated Na* channels...
Darkness

Higher Ca%*levels - cGMP decreased > membrane
more hyperpolarized - , higher sensitivity to light”

Light

Lower Ca?*levels > cGMP increased - membrane
more depolraized - , lower senzitivity to light”

Dark

Light
Rod
outer
pond segment ; :
P it :‘:. 7 ~Y .. : ?
=
_‘
b
=
------- >
0
Q O
Rod Rod
inner mner
segment segment

http://www.slidesare.net/drpsdeb/presentations
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Rod/Cone membrane

Effect

Depol.

Hyperpol.

1 <

Darkness Signalization
No light signal Light signal
Tonic
depolarization
|
|
|
|
|
|
|
_________________________________ A 4
Transient

hyperpolarization

Glutamate release Glutamate not released

Bipolar cell - nothing Bipolar cell depolarization

Adaptation
to darkness

I
I
I
v

Membrane tonically
hyperpolarized

Higher sensitivity
to ligh

Adaptation
to light

Membrane tonically
Depolarized more

x
I
I
I

Treshold

Lower sensitivity
to ligh
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/7. The basic physiology of visual system — light detection
VS. Image formation, circadian rhythms

* Brief characterization of light e Circadian rhythms
* Light detection (LD) vs. image formation (IF) * Definition + importance
e LD - almost all the living organisms » Biological clock (cellular level, tissue level,

- one of the oldest functions central pacemaker)

* Brief overview of circadian rhytms in humans
(“active”hours, “rest” hours, physiological
* IF - Functional overview of eye anatomy changes, associated hormone oscilations...)
(camera obscura with a lens)

- mainly for circadian activity synchronization

29 Vision |
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/8. The basic physiology of visual system —rods and
cones function, on/off receptive field, nervus opticus vs.
tractus opticus

* Rods and cons function
e Characterization and comparison

* Phototransduction mechanism and
adaptation

30 Vision |
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