Sensory organs

Organs capable of detecting, receiving,
processing and transmitting stimuli.

Receptors - structures directly responsible for
the detection of a stimulus and for its
transformation into the nerve impuls.

Stimuli can be from the external environment
(detected by exteroreceptors) or from internal
structures (Interoreceptors)



Receptors of sensory organs
functional classification

1/ photoreceptors — light

2/ chemoreceptors — taste, smell, concentration of
substances in body fluids

3/ mechanoreceptors

— a/ audioreceptors — sound waves

— b/ proprioceptors — position In space

— ¢/ other mechanoreceptors — pressure, touch,
vibrations

4/ thermoreceptors — temperature

5/ nociceptors — pain



Receptors of sensory organs
morphological classification

« 1/ primary receptors — neurons
— a) whole modified neurons (olfactory, visual)

— b) peripheral endings of afferent neuron axons
« encapsulated
. free

» 2/ secondary receptors — epithelial cells

— must be synaptic connected with peripheral axonal
branches or with dendrites (n. VIII) of afferent
neurons
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Cornea
5 layers

Anterior epithelium

« Stratified squamous nonkerat.
Lamina limitans anterior

— Bowman’'s membrane
Substantia propria corneae
 Dense regular connective tissue
Lamina limitans posterior

— Descemet’'s membrane

Posterior epithelium
« Simple sguamous (endothelium)



= Epithelial cell- 7 days

= Sensory nerve endings
= Stroma — avascular

= nhutrition- diffusion from
anterior chamber

Fibroblast-like cells







Endothelium

Dua’s membrane - 5 — 8 lamellae composed of collagen fibers on the border of
substantia propria corneae and Descemet’'s membrane, thickness to 15 um
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Tunica vasculosa (media)
Choroid

lamina suprachoroidea

lamina (zona)vasculosa (choroid stroma)

— vessels, loose connective tissue, smooth muscle cells,
nerves

lamina choroidocapillaris
— caplillaries
lamina vitrea = Bruch’'s membrane

— BL of pigmented retinal epithelium, collagen and elastic
fibres, BL of capillaries
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- musculus ciliaris

- finger-like projections of the ciliary
body and fibers of the zonula
(oxytalan), which attach to the lens

Cd pSU Ie Lens and Supporting Structures
- production of intraocular fluid Hortzontal Section
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Scleral venous sinus

Iris

Cornea
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chamber humor)

Suspensory-
ligaments

Angle
| |
Posterior cavity Ciliary
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vitreous humor)

@ Aqueous humor is secreted by the ciliary processes into the posterior chamber.

@ Agueous humor moves from the posterior chamber, through the pupil, to the
anterior chamber.

@ Excess aqueous humor is resorbed via the scleral venous sinus.
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Iris
annular shape, flat
aperture function

pupllla

m. sphincter pupillae (parasymp.) — miosis

m. dilatator pupillae (symp.) — mydriasis (fan-shaped)
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1st layer of retina -
pigmented epithelium

- absorb light
- barrier

- restoring photosensitivity |
- phagocytosis ;

Synthesis of melanin by
RER, Golgi apparatus
and melanosomes.
Melanin absorbs light
after it has sensitized
the receptor.

Digestion, by lysosomal
enzymes, of photo-
receptor fragments
phagocytized by
pigment epithelial cells.

Vitamin A transport and
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Visual photoreception — ciliary photoreceptors

rods - rhodopsin (visual purple) cones - iodopsin, 3types
420 nm = blue (S) short
535 nm - green (M) medium
565 nm —red (L) long
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100 uym

Non-visual
photoreception

phototransducing ganglion
cells - melanopsin

Berson, D.M.: Strange vision: ganglion cells as circadian photoreceptors.

TRENDS in Neurosciences 26 (6), 2003: 314-20.

non-image-forming visual
functions, including hormone
secretion, entrainment of
circadian rhythms, cognitive and
affective processes.

PLCp4 melanopsin

Graham, D.M.: Melanopsin Ganglion Cells: A Bit of Fly in the Mammalian Eye.
Webvision - The Organization of the Retina and Visual System, 2011.
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Refractive structures of the eye

cornea
aqueous humor
cristalline lens
vitreous body
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ANTERIOR PART OF THE LENS

lens capsule
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anterior (subcapsular) lens epithelium
|} ’

/
lens fibers f /



o AR e !

el
S

o
i
. P




Subcapsular
Capsule epithelium










corona ciliaris

zonula ciliaris Zin

lens







Ciliary muscle
relaxed

Zonule taut

Lens flattened
for focusing on
distant objects

(a)

Ciliary muscle
contracted

Zonule relaxed

Lens rounded
for focusing on
close objects
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Incision is Emulsification: Intraocular lens The incision
made breaks up is implanted heals on
cloudy lens its own
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Lacrimal apparatus

Superior canaliculus

. Inferior canaliculus
Lacrimal gland

Common canaliculus

Nasolacrimal
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Inferior turbinate
Nasal cavity
Inferior meatus
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Lacrimal gland

compound tubuloacinar serous
12 — 15 Iobes with mdependent ducts




Surface
ectoderm

Development of the eye o,
29 days sulcus

Neural
Neural fold fold

Vs

Pericardial W

bulge 2\

MV:‘_:

Otic oY

¥/, et

/ placode 3
Somite

Cut edge

of amnion



Surface
ectoderm

Wall of
forebrain |

X ¥



Eye field

Anterior Prechordal
neural ridge T, AT plate

V¢

Prosencephalon

Notochord

Mesencephalon

SHH
B PAX6
[ PAX2

Rhombencephalon




Lens
placode

Optic g Invaginating = _ = _»
vesicle lens placode === Invaginating
optic vesicle
(optic cup)




Wall of optic stalk
(continuous with wall
of forebrain)

Cavity of optic
stalk (continuous with
cavity of forebrain)

Intraretinal space

Mesenchyme (primordium
of choroid and sclera)

Surface ectoderm

Lens pit
(invaginated lens placode)

Inner layer of optic cup
(primordium of neural
layer of retina)

Outer layer of optic cup
(primordium of retinal
pigment epithelium)



TGFB

CHX10



RN R
" l._‘ y )

Ll R B




intraretinal
space Wall of brain

Choroid fissure

Outer layer of
Inner layer | optic stalk Hyaloid artery Lumen of
Hyaloid artery optic stalk

Choroid fissure



Hyaloid artery

33 days

'

<
_ & Choroidal fissure

37 days

Hyaloid artery

! r.



Optic nerve

Branches of
hyaloid artery

Intraretinal
space

Choroid

Retinal pigment
epithelium

Neural retina

Anterior lens epithelium
Lens fibers

Iris

Vitreous body

Sclera



Pigment layer { of the

Neural layer retina
Lens
fibers .
Intraretinal
; space
Anterior lens . |
epithelium—g. | @ L. Hyaloid
| - vessel

Optic nerve
fibers

-~ Undifferentiated
mesenchyme



Sclera

Retinal pigment
epithelium

Intraretinal space

Iris
Eyelid
Lateral rectus Lo
muscle
Vitreous body Cornea

Neural retina

Choroid

Inferior rectus
muscle

56 days



Suspensory ligament Sclera

| ” Pigment layer of the
Conjunctival s; SRR e " Neural layer retina

\._——Vitreous
. body

Hyaloid artery

N ’
& 4. __-Dura

| g 7 = Optic
= 7 nerve
Iris ’

Ciiarybody . N\ Inner vascular
| ‘ layer
Outer vascular
layer



EYE PARTS’ EMBRYONIC SOURCES

Surface
ECTODER

\;

CORNEAL : S |
STR OM A I NE : 3 J;".".*""”5"5"5"""""""*

N
'\._'-:'\.-'\.-'\'.-'\.-'\._'-:'\.-'\.il\.-'\.-'\.-'\.-'
H - - - - - H -.' -.'
B B B B B B B B B B B B B B B B B B B B B B
l'- - - - - - l'- - - -

P R R e R R
LR
'y 'y 'y
'y

. '-l'-l'-l'-l'-l'-l'.-'.-'.--\.--\.l-_-\.--\.--\.--\l -

[

[
u
[

[
u
[

Two ectoderms
drive events
and shaping

Connective tissue &
muscle come
from cranial mesenchyme

[



