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Receptor and neural
function of retina
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Visual Acuity

* The ability of eye to detect finest details of an object

* person can distinguish two separate points if their
centers are 2 micrometers apart on the retina/ at least 1
receptor in between unstimulated

* light rays from two separate points strike the eye with
an angle of at least 25 seconds between them, they can
usually be recognized as two points
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Signal Transmission in the Retina
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Fatter cones Slender cones
Differences between periphery (Fatter slower Faster
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Smaller nerve fibers Larger nerve fibers

cones) — Greater sensitivity to
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Color Vision

Primary colors are red, green and blue.
These three colors in equal proportion give white

visible spectrum—> ROYGBIV

Peripheral retina = no cones —> insensitive to color = white, black & grey vision

Central retina (fovea centralis)=> cones only = color vision

Other regions = cones & rods
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Color Vision

3 types of cones (blue, red).

the protein portion “the opsins” is different for the pigment molecule in each of the cones.

wavelengths for peak light sensitivity for each type of cone
makes each cone receptive to a particular wavelength of light. 445 545 535 570
Blue ~ " Green Red
cone Rods cone cone

maximal stimulation of cones by yellow.

maximal stimulation of rods by green.

Light absorption
(percent of maximum)

Retinal area sensitive to blue is largest and to green is smallest.
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Each cone is receptive to a particular wavelength of light

Each cone gives response to one of the primary colors — red, Green Red
green and blue. cone cone
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Different colour sensations are produced by the stimulation of
various combinations of these three types of cones.
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Color Blindness

lack of a particular type of cone.

Inherited sex-linked recessive character (8% ', 0.4% @)
about 8% of @ are color blindness carriers.

most color blindness results from lack of the red or green cones.

* lack of a red cone, protanope (long wavelength spectrum defect).

* lack of a green cone, (use blue and red colors and they cannot
appreciate green color = inability to distinguish red and green).

* Blue weakness: rare, missing blue cone
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Very common in males
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Neurotransmitters Released by Retinal Neurons

rods and cones — glutamate at their synapses with bipolar cells.

amacrine cells inhibitory transmitter e.g GABA, glycine, dopamine,
acetylcholine, and indolamine

horizontal cells release inhibitory transmitters.

Amacrine cells and horizontal cells have role in lateral inhibition

Horizontal cells
Pigment layer

~ Cones
horizontal cells connect laterally between the rods ARMSQ

and cones and bipolar cells. S
output of horizontal cells is always inhibitory. &

prevents the lateral spread of light excitation on the e Blpoles
retina =Lateral Inhibition cells cele

enhancement of visual contrast. : Amacnne/ [

cells

Ganglion
cells

zone of vision J J«ald aa 43) Visual contrast

Google : vision Contrast is the difference in luminance or color that makes an object
distinguishable in order to have sharper image
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Bipolar Cells

Two types of bipolar cells
1- depolarizing (excitatory)
2- hyperpolarizing (inhibitory)

some depolarize when photoreceptors are excited, and others hyperpolarize.

Function:
* Visual contrast
* provides lateral inhibition (a much greater distance than H. cells).

Amacrine Cells

about 30 different types.
major carriers of rod signals to the ganglion cells.

some amacrine cells respond strongly to onset of the visual signal, some to offset of
visual signal.

Some respond to change in illumination

some respond to direction of motion of light signal across the retina (directionally
sensitive).

i.e amacrine cells help analyze visual signals before they leave the retina.
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Rods, Cones and Ganglion Cells

* each retina has 100 million rods and 3 million cones and 1.6
million ganglion cells.

* 60 rods and 2 cones for each ganglion cell.

* at the central fovea there are no rods and the ratio of cones to
ganglion cells is 1:1.

* may explain the high degree of visual acuity in the central retina.

) Convergence in the rod

Ganglion Cells

* 3 ypes

1- parvocellular (P) cells-beta/midget ganglion cells (in central retina)

v'project to the parvocellular (small cells) layer of lateral geniculate
nucleus (LGN) of thalamus.

2- magnocellular (M) cells-alpha/parasol cells

Parvocellular

v project to magnocellular (large cells) layer of LGN Y P

Primary visual cortex

3- Melanopsin containing cells: control circadian rhythms 1)
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P and M Cells

P cells M cells

Receptive fields smaller larger

Conduction slower faster

Response to stimuli sustained transient

Sensitivity to color sensitive Not sensitive

Sensitivity to black & white Less sensitive More sensitive

Function Fine details (color and Detection of movement and
texture) change in light intensity

|
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Signal Transmission in the Retina

* transmission of signals in retina is by electrotonic conduction/graded potential not
AP.

* electrotonic conduction=flow of electric current in cytoplasm & axon
* allows graded response proportional to light intensity-No on off response.

* the only cells that have repetitive AP are ganglion cells.

send signals all the way to the brain.

graded Jwas e 2 2asintensity of the stimulus Jxd 8z L AP Jla 14N ¢ AP AL il
brain JAlas b AP M Jsails ganglionic cells H potential

AP/GRADED POTIENTIAL (i Gl 15835 glde us google ¢ ssha J93a

Comparison of Graded Potentials
and Action Potentials

Graded Potential Action Potential

1. Stimulus does not reach 1. Stimulus reaches threshold
threshold level. level therefore causes AP.

2. Stimulus causes local b}
change in membrane
potential e.g. -70 to -60mv

. It dies down over short ]
distance. 3. Itis propagated.

. Can be summated. . Can not be summated.

. Stimulus causes
depolarization to threshold
level.

. Does not obey all or none . Obeys all or none law.
law.
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Transmission of Changes in Light Intensity—The On-Off Response.

+ Ganglion cells transmit signals by AP.
* even when unstimulated, they still transmit continuous impulses.

* many ganglion cells excited by changes in light intensity.

* Lateral inhibition
+ Causes of On-Off response

1- presence of depolarizing (excitatory) & hyperpolarizing (inhibitory) bipolar cells
2- amacrine cells (transient responses)

on off
1 a8, ganglionic cells ¢ 3 ks Jsa S | ——
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b <1l S stimulation a¢lba L slg e
<% jntensity by stimulation a¢la
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inhibition for ganglionic cells Jax &8 JS Sad o)) g el Uaadinal Jateral inhibition S+
stimulation Je g Jall S A saal) o8l gl 03 excitation for other ganglionic cells
Aa¥) 0ol (8 Jiguall 3ha nhibition sy sa¥) Ji oo (Ol ssmall for ganglionic cells

Color-contrast mechanisms

One colour type of cone > excites ganglion cell by a depolarizing bipolar cell, whereas
the other colour type = inhibits ganglion cell by hyperpolarizing bipolar cell — retina
begins to differentiate colours.
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Depth perception

Object of known
distance and size

Determination of distance of an object from the eye:

(1) sizes of images of objects on retina

(2) phenomenon of moving parallax

Unknown
object

when person moves head, images of close-by objects move
rapidly across retinas, while images of distant objects 2. Stereopsis
remain almost completely stationary (relative distances)

(3) phenomenon of stereopsis (Binocular Vision) seeing "in

3D"

2 different eyes —2 different images on retina
Close object — different position on each retina
Far Object —same position on each retina

Stereopsis is useless for depth perception at distances

beyond 50 to 200 feet.
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https://www.youtube.com/watch?v=fZDAwXh54is
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