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The Structure of Human Eye
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The Structure of Retina Photoreceptor cells
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Phototransduction

* Phototransduction is the process by which the light
detected by photoreceptor cells in the retina is
converted into electrical (or cellular) signals.
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« In the labsence of light, the photoreceptor cell is in the'depolarized state - -
with membrane potential of=40'mV. This depends on: -

1. Non-gated K+ channel: outflux of K+ (ongoing outward K+ current)
3. cGMP-gated Na+ chagnel: iglf};nwgof Na+ (inward Na+ current known
as dark current) T

3. Na+- K+ pump: it is an active transport requires(to transfer 3 Na+ =
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OUTER SEGMENT

1. L cones (photopsin I + retinal) ¥red:light, 560nm

Visual pigments in
2. M cones (photopsin II + retinal) fgreemlight, 530nm | merbe deee
3. S cones (photopsin III + retinal) Tblue light, 420nm INNER SEGMENT
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Very light sensitive

‘ Loss causes night blindness _liviad |

Used for photopic vision (vision under high light
conditions) or day vision

Not very light sensitive

Loss causes legal blindness

"Hleaching

Low visual acuity (poor resolution) as many rods
are connected to one bipolar cells
showing a high degree of convergence

High visual acuity; better spatial resolution as
each cone is connected to one bipolar cell

Regeneration of Visual Pigment
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etinal pigment epithelium specfic 65-KDa protein
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Wiz 14DarkKadaptation: is the slow recovery of visual sensitivity (20-

! Not present in fovea

Concentrated in fovea

Outer segment is rod shaped

Light and Dark Adaptation

‘ Confer

or vision

Outer segment is cone shaped

Confer color vision (ttlchromatlc vision)

Stacks of membrane-enclosed disks are

unattached to cell membrane directly

Disks are attached to outer membrane

* Visual adaptation:
1s the ability of visual system to automatically adjust its sensitivity to accommodate

| About 120 million rods distributed around the
retina (peripheral vision)

About 6 million cones distributed in each retina
(central vision)

when time because lhcr eneration of rods is slow

after

a change in light intensity. Two types:

One type of photosensitive pigment (Rhodopsin)

Three types of photosensitive pigments in
humans (blue, green and red cones)

exposure to a bright/strong light (i.e. when you move from the light to the dark).

Synaptic pattern of Photoreceptors

Lo 2. is the adaptation to increased level of illumination (i.e. when
you move from the dark to the light, 5 min). 150 000 pzﬂw&rm&
tod domiftant
* Mechanisms underlying light /dark adaptation: , 160000
1. Pupil size to adjust amount of light reaching the retina .2 E 140 000 a
2. Switch-over between rods and cones  su s g {
3. Bleaching / regeneration of photopigments <. 5 120000
© 100 000
o 4
Photoreceptor cells 5 80000 . Rode™
Retina contains two types of photoreceptors: -] é 60 000
1. Rod cells: about 120 million, function in dim light (nlght vision) | 2 — Blirlpat
and do not perceive color, with high sensitivity and low resolution 40000 ;o e
2. Cone cells: about 6 million, function in bright light (daytime = 20000 o
vision)and are responsible for color vision, with low sensitivity and s ——— N U————
-60° -40° 20° 0° 20° 40° 60° 80°

high resolution

Angle from fovea

STRUCTURE OF THE RETINA

High degree of convergence
reduces resolution in rod
system, whereas 1:1
relationship of cones to
bipolar and ganglion cells
“wen _increases the resolution or
visual acuity.

ur”MU e
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Vitamin A and Visual Cycle
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Side chais] PPr H H
: OH| (0]
; | RN S
H |
D Rudtinal g
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Retinyl ester, the ester form
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Retinoic acid. the acid form

b main biologically
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.. Retinoids: are a class of chemical compounds that are
* related chemically to vitamin A. They are widely used in
medicine as they have diverse functions in the body

« First generation: retinal, retinol, tretinoin (all trans
retinoic acid, Retin-A) , isotretinoin
(Roaccutane, UK and Accutane, USA)
and alitretinoin -

I Roaccutane’
Isotretinoin

i o>

% 2 . . ,,.famo(:wfa}
« Second generation: etretinate and its metabolite 5=
acitretin

» Third generation: tazarotene, bexarotene and
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ke Hor
o —
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Vitamin A and Visual Cycle
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Provitamin A: like some carotenoids which can be
converted/ metabolized in the body to retinoids with
vitamin A activity. They are found in plant sources (e.g.
carrot)

Py A Boone - o-uine b §-ciolabis

RRD: retinaldehyde reductase
RDH: retinol dehydrogenase

Only a limited amount of the provitamin
carotenoids (plant sources) can be absorbed
intact. These are stored in body tissues such as
adipose cells of fat depots throughout the body. To
date, the only side effect of excess beta-carotene
supplementation appears to be yellowing of the
skin.

Carotenoids are;Téfgéf?iponverted to retinol
(vitamin A) during intestinal absorption in the
mucosal cell.
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Vitamin A Absorption & Metabolism
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