Organ zraku
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Tunica externa oculi

* Rohovka (cornea)

* Bélima (sclera)

processus ciliares
duhovka (iris)

fasnaté télisko
(corpus ciliare)

bélima (sclera)
rohovka (cornea)

¢ pars caeca retinae

Predni segment ocni — pfehled, (HE), objektiv 2,5x

spojivka (tunica
conjunctiva)

20 pm




Cornea H&E anterior corneal epithelium
stratified squamous

Rohovka (cornea)

Predni epitel

Bowmanova membrana - lamina
limitans anterior

Substantia propria cornae

e 200 - 250 vrstev pravidelné
usporadanych kolagennich
vldken

* fibrocyty /keratocyty/

R A — .

posterior endothelium

Descemetova membrana — lamina
limitans posterior

* b.m.

Zadni epitel




Rohovka a jeji vyjimecnost

transparentnost
senzitivita
bezcévnost

4 14.1.8 Rohovka

- T e -

Rohovka je jedna

z nejcitlivéjsich tkani

v téle, je bohaté&

. inervovan3 senzitivnimi
nervovymi vidkny. Volnd
| nervova zakongeni se
dostavaji aZ do predniho
epitelu, zajistuji tzv.
kornedlni reflex -
aferentace n.
ophtalmicus z n.V,
eferentace: n.VII).

v,

kolage,nni‘f.ibrily -
(pr rez) :

Descemetova
membrana

— Descemetova membrana a zadni epitel, TEM

2/3 celkové optické
mohutnosti oka~42D
(62.5D)

-



Tunica media oculi

Duhovka (iris)
Rasnaté téleso (corpus ciliare)
Cévnatka (choroidea)




Cévnatka (choroidea)

Lamina suprachoroidea /lamina fusca sclerae/

* Lamina vasculosa

Lamina chorocapillaris

Lamina vitrea /Bruchova membrana/
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Cévnatka (choroidea)

Lamina suprachoroidea /lamina fusca sclerae/
Lamina vasculosa

Lamina chorocapillaris
Lamina vitrea /Bruchova membrana/




Rasnaté téleso (corpus ciliare) - stavba

Comea

Choroid

Optic part of retina

Folds of ifis

Ora serrata

CILIARY
PROCESSES |

ZONULAR
FIBERS

Lens

Ciliary
process

Meridional  Ciroular

fibers of fibers of I

ciliany ciliary Dilator

muscle muscle musele

of pupil

Zonular fibers

T
CILIARY BODY ﬁ::'::::'y Sphincter muscle of pupil

of lens)

Predni segment ocni — corpus ciliare, (impregnace), objektiv 5x

processus ciliares
corpus ciliare

pars caeca retinae
(pars ciliaris)

sclera



Rasnaté téleso (corpus ciliare) - funkce

* produkce komorového moku

* processus ciliares (zadni komora o€ni
- pupila & predni komora ocni -
tramcina iridokornealniho dhlu -
Schlemmuyv kandl = sinus venosus
sclerae)

ueous

fl?lld ow

* akomodace (zména optické mohutnosti

EOé ky) Canal of Schlemm
oge . v s C:Iiary{
* m. ciliaris — kontrakce = uvolnéni
fibrae suspensoriae lentis - cocka Arteroronember | wereson
p prggi:;)sles Posterior chamber CAVITY

se vlastni elasticitou vyklene -
vidéni na blizko

* antagonistou m. ciliaris jsou
elasticka vlakna rasnatého télesa

POSTERIOR

CAVITY Pupil

Iris

Pupillary sphincter
Suspensory : muscle

Pupillary dilator
muscle

Ciliary
muscle



Rasnaté téleso (corpus ciliare) — pars caeca retinae

photosensitive
part of retina

retinal

pigment
, epithelium

nonvisual =
part of retina {__».;:-:':

retina
vyvoj retiny —z CNS

meningeal Processes
coverings

dvouvrstevny epitel — zevni vrstva bunék je pigmentovana,
zatimco vnitini pigment neobsahuje /pars caeca retinae/

BM

NPE

http://www.oculist.net/downaton502/prof/ebook/dua
nes/pages/v7/v7c013.html




Cocka (lens cristallina) Copmtle roerer

Epithelium lentis

germinal zZone

lens capsule

forming lens fiber
(basal lamina)

lens fiber

subcapsular
. epithelium

Primémi vidkna

Cockova vldkna /fibrae lentis/ jsou vysoce specializované buriky, které vznikly
diferenciaci epitelovych bunék jiz intrauterinné.

10-1 Zarodek clovéka (7. tyden) — pricny fez, HE, zvétSeni 100x

# | 57 Na celou obrazovku

W9 Skryt popisky
Q Vyzkougejte se

Z neuroektodermu oéniho
poharku se postupné diferencuji
jednotlivé vrstvy sitnice.

Z povrchového ektodermu se
oddélila Zotka, ktera je zcela
vyplnéna &oékovymi vidkny -
rostoucimi bufikami zadniho
epitelu Eoéky.

Ositnice.
‘ocniho)
O bigmentoy:

http://is.muni.cz/do/rect/el/estud/If/ps15/atlas/web/at
las.html?chapter=11&prep=1




klinika

No eye disease Glaucoma or ‘black blindness’ | Cataract or ‘white blindness’

zeleny zakal Sedy zakal
(glaukom) X (katarakta)



Normal Eye Eye with Glaucoma

NORMAL VISION

 glaukom (zeleny zakal) — poskozeni
ocniho nervu (nejcastéjsi pricina: n |

zvy$eny nitrooéni tlak) ‘; e

* normalni hodnota: 21 mmHg '

* vySetrfeni: bezkontaktni tonometr
(prohnuti o¢ni rohovky pod naporem
vzduchu)

EARLY GLAUCOMA EXTREME GLAUCOMA

 katarakta (Sedy zakal)
* vrozeny, ziskany (Castéjsi) — v pozdéjsim
véku, ¢ocka ztraci svou prihlednost
» zdkladni typy sedého zakalu:
A - zkaleni klry Cocky, B - zkaleni jadra
cocky, C - zkaleni pod pouzdrem cocky

X

!

O Healthy Lens Cataracts




Duhovka (iris)

* Predni epitel a predni hranicni vrstva

e Stroma iridis
* fidké rosolovité vazivo s cetnymi
pigmentovymi bunkami
* m. sphincter pupillae

* Pars caeca retinae

» dvouvrstevny epitel (AEL, PEL), m.
dilatator pupillae)




Duhovka (iris)

‘Y 14.2.7 Duhovka - pars iridica retinae, TEM
Predni epitelova vrstva

-~ 8
v < A
? (AEL) obsahuje v bazalni

P 47 o &asti kontraktilni
EL % myofilamenta - m.
= . dilatator pupillae,
apeX — melanosomy y ' v apikalni &asti Eetné
4 5> T X melanosomy. Zadni
€0 - v‘ﬁ o epitelova vrstva (PEL)
y obsahuje také etné
melanosomy. PFitomnost
pigmentu v ocbou
epitelovych vrstvach
zplisobuje typickou,
vyraznou pigmentaci
zadni &asti duhovky.




Duhovka - pigmentova bunka — melanosomy

14.2.5 Duhovka - pigmentova buiika, TEM

Melanosomy v riiznych
stadiich diferenciace:

1 - sférickeé, bez
melaninu

1I - ovalng,

s paralelnimi filamenty,
s vysokou aktivitou
tyrozindzy

11 - ovélng, malé
mnozstvi melaninu,

s vysokou aktivitou

. tyrozindzy

1V - ovalné, vysoke
mnozstvi melaninu,
nizka aktivita tyrozindzy

Eye color Melanocytes within the iris

melanosome

\x

melanosom: I




Zadni segment ocni




Tunica interna oculi - sitnice (retina) — pars optica

Zadni segment ocni — retina, (HE), objektiv 40x




Sitnice (retina)

* 1. neuron
* fotoreceptor

* 2. neuron
* bipolarni neuron

3. neuron

* multipolarni
neuron

Incident Light
l | | l

= Inner limiting membrane / ganglion cells

Ganghon
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) @ O '
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Sitnice - tyCinkové a Cipkové bunky (prvni neuron zrakovée drahy)

* Cipkové buriky — 6-7 miliond

Ty¢inka Cipky
* TyCinkové buriky — 130 miliont .
=
=
(pomér 20:1) DS“V
=

t. ___Mltochondr ie
()
Jadro
Synaptické

zakoncéeni

modré (maximum absorpce 420 nm),
zelené (maximum 535 nm),
éervené (maximum 565 nm)



Sitnice - tyCinkové a Cipkoveé bunky (prvni neuron zrakové drahy)

outer
segment -

ROD

synaptic lamella

outer limiting
membrane

fin

Golgi

apparatus

calyceal process
rhodopsin

pigment epithelial cells

CONE

" segment

= centralni oddil

J\

— periferni oddil

lipoproteinové lamely ~1000



Sitnice — plexiformni vrstva

bipolarni ne

Y

uron-neurit

\ .

Ribbon synapse je
specializovany typ
synapse vytvoreny

u nékterych
sensorickych neurond
(fotoreceptory a
bipolarni neurony - viz
obrazek a u vldaskovych
bunék vnitFniho ucha).
Tato synapse umoziuje
velmi rychlou, pfesnou a
trvalou neurotransmisi,
nebot neurctransmitery
jsou z téchto synapsi
uvoliiovany kontinualné.




Sitnice — discus (papila) nervi optici X macula lutea (s fovea centralis)

N DY

slepa skvrna

Zluta skvrna

vrstvy sitnice zredukovany,
jen &ipky

vySetfeni o¢niho
pozadi - oftalmoskopie



Fasciculus opticus — nervus opticus

* vazivové obaly - meningy

* vazivova septa vznikajici z pia
mater oddéluji nervova vlakna
e axony jsou obaleny

oligodendrocyty, astrocyty,
mikroglie jsou také pritomny




Oc¢ni vicko /palpebra oculi/

zevni ¢ast - kozni

vnitrni — spojivkova

20 pm

Meibomovy Zlazy — gll. tarsae /sebaceae/
Zeissovy zlazky /gll. sebaceae ciliares/

Mollovy Zlazky [gll. sudoriferae ciliares — apokrinni/



Oc¢ni vicko /palpebra oculi/

zevni ¢ast - kozni

vnitrni — spojivkova



Palpebra - Meibomovy zlazy

Tear Film

Comeal Epithelium S|

produkce olejovité
substance, ktera chrani
slzny film pfed nadmérnym
odparovanim

http://www.topcon.co.jp/en/eyecare/product/diag/sl/bg.html



Spojivka /tunica conjunctiva/

Accessory lacrimal
glands:

Glands of Krause bUIbé rn|’ ééSt
Glands of Wolfring -

palpebralni cast

Bulbar
conjunctiva

Conjunctival
fornix

Palpebral
conjunctiva

Surface of the
cornea (functions
asa partof the
conjunctival sac)

Meibomian
gland




Slzny aparat a slzna zlaza

* slzna Zlaza (glandula lacrimalis)

vyvody Usti do fornix conjunctivae
v zevnim hornim kvadrantu ocnice

* odvodné slzné cesty

lacus lacrimalis
puncta lacrimalia
ductuli lacrimales
saccus lacrimalis
ductus nasolacrimalis

e Usti do dolniho nosniho
priduchu

lacrimal gland

secretory ducts
superior canaliculus

common canaliculus

lacrimal sac

lacrimal
punctum

inferior nasal meatus

nasal cavity



Slzna zlaza (glandula lacrimalis)

slozena tuboalveolarni zlaza, serézni
aciny se zfetelnym luminem

slzy — vysoky obsah
lysozymu




Organ zraku

88. Predni segment ocni

89. Zadni segment ocni

90. Fasciculus opticus
91. Palpebra

92. Glandula lacrimalis




Organ sluchu




Struktura ucha

Semicircular canals

Vestibular
cochlear
nerve

Cochlea
External
auditory
canal
Eustachian
tube
Lobule



Zevni ucho

A 8%
LS

elasticka chrupavka



Membrana tympani- bubinek

* Stratum cutaneum
e tenkd klze
e Stratum fibrosum

* lamina propria m. tympani
/kolagenni vldkna />

e stratum radiatum
e stratum circulare

e Stratum mucosum
* sliznice cavum tympani




Stredni ucho

* Cavum tympani
* sliznice

* epitel — jednovrstevny plochy
az kubicky, misty i s rasinkami

* lamina propria
* Tuba auditiva /Eustachova trubice/

® pars ossea

* pars cartilaginea /+lamina
membranacea tubae/

* tonsila tubaria

B endoderm epithelium
[ neural crest epithelium

1- outer ear 7- malleus
2- ear drum 8- incus
3- otic capsule  9- stapes
4- middle ear cavity

5- auditory tube

6- auditory bulla

Dual Origin of the Epithelium of the

. Mammalian Middle Ear

Hannah Thompson and Abigail 5. Tucker*

H. Thompson, A. S. Tucker, Science 339, 1453 (2013)



Vnitrni ucho — organ sluchu - cochlea

* Kostény labyrint

* Membranozni labyrint — ductus cochlearis _
helicotrema

CQual windowsge. i o ctibuil

......

acala tympani

Round window B



Vnitrni ucho

Scala vestibuli

Scala media

Spiral ganglion ~ 8th nerve

Afferent
dendrite\

Spiral

ganglion ~
8th nerve —_|

(Afferent
axon)

Reissner’s
membrane

Spiral

ligament

Efferent  Basilar
axons membrane




Jak slysime?

‘ Events Involved in Hearing

Sound Movement of Movement of the The pressure Vibration of the
waves arrive = the tympanic stapes at the oval waves distort the basilar
at the membrane window basilar membrane
tympanic causes establishes membrane on causes vibration
membrane. displacement of =~ pressure waves their way to the of hair cells

the auditory in the perilymph round window of = against the

ossicles. of the vestibular the tympanic tectorial

duct. duct. membrane.

Movement
of sound
waves

Tympanic Round
membrane window

© 2011 Pearson Education, Inc.

Information about
the region and the
intensity of
stimulation is
relayed to the CNS
over the cochlear
branch of cranial

nerve VIII.

Tympanic duct
Basilar membrane
Cochlear duct
Vestibular membrane

Vestibular duct




Vnitfni ucho canalis spiralis cochleae (35 mm, 2.5 zdvitu)

Cochlea — pfehled, (HE), objektiv 2,5x

scala vestibuli
ductus cochlearis

scala tympani

lamina spiralis ossea

ganglion spirale cochleae

20 pm



Vnitrni ucho — ductus cochlearis

Cochlea — ductus cochlearis, (HE), objektiv 20x

crista
membranae
vestibularis

@. cochleae

stria vascularis

scala vestibuli

prominentia
spiralis

crista

membranae
membrana basilaris

tectoria
Cortlho organ

;;lw {h &l ?\ ’J

L&

e a2 membrana basilaris
“‘" '

labium vestibulare

’ ||mbus laminae spnrahs( scala tympani
labium tympanicum



Vnitrni ucho - Cortiho organ

tectorial memhbrane

< x//

' outer hair cells

%uter
- tunnel
‘ -

- t.“\
P
7
Hensen
o T f -

inher tunnel
Corti of Nuel



Vnitrni ucho- Cortiho organ — vlaskové a falangové bunky

apical cuticular plate

phalangeal process

facet for outer hair cell »

outer phalangeal cell

3-5 fad

vlasky = stereocilie
3 500 vnitfnich vlaskovych bunék membrana reticularis
12 000 zevnich vlaskovych bunék



Vnitrni ucho- Cortiho organ — vlaskové a falangové bunky

,dancing hair cell”

https://www.youtube.com/watch?v=Xo
9bwQuYrRo




Vnitrni ucho - spiralni ganglion | [jeow.

Scala
- -Q )\‘ S ', \ Cochlear duct
(J - ‘\:“S\f(\\_\ Tectorial

Basilar membrane

Scala tympani

Spiral ganglion —

- - Cachiear branch
of NVIII

spiral ganglion

(nerve cell bodies of blp0|éml' neurony
i - 1. neuron sluchové drahy

periferni vybézek — k vlaskovym bunkam
centralni vybézek — pars cochlearis N. vestibulocochlearis (VIII.)




Vnitfni ucho - organ rovnovahy (pars statica labyrinthi membranacei)

vestibular system

macula
crista

saccule
ampulla

enlargement enlargement
of crista of macula
~0Loconia
cupula

otalithic
hair membrane

bundles - stereocilia

kinocilium
Type I

Type I I hair cell
hair cell :
. o N
-  SUpporting
et il hair cells herve finre//;;sement rnernbrane cells
1997 Encyclopasdia Britannica, Inc.
polokruhovité kanalky (ductus vacky - utriculus a sacculus
semicirculares — anterior, posterior a (uloZené ve vestibulu) — macula
lateralis) — crista ampullaris statica




Vnitrni ucho- organ rovnovahy

ampulia of
semicircular canal




Ductus semicirculares — crista ampullaris

Role of the crista ampullaris

The crista ampullaris responds to rotational
movements. The hair cells of each crista are
embedded in a conical gelatinous mass, the
cupula. When the fluid in the semicircular
canals swirls during movement, it displaces
the cupula, stimulating the hair cells.

Cupula Hair cells Fluid




Utriculus a sacculus - macula statica

ons N87gr vy Sl '!;'
B 3“;,_,4;'_;.‘5»!’5;
Otoliths

o2
Gelatinous Layer ‘

A‘\p “" , !
4"°V. f -
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- Otoliths V&;g",’ @ Ve o/
_ SR/ (GHY gl W
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s 10 »» 1 A
N F =T ‘\‘
\, s“PPP'“',{\g Cells Rogplou = - e

Gelatinous Fluid Hair cells

mass
N

Role of the maculae

The maculaec monitor the position of
A W AN the head relative to the ground. Tiny
" % A o hairs projecting from sensory cells are
OtOIIty — statokonie embedded in a gelatinous mass. If the
. head is tipped, gravity pulls the mass
(calcium carbonate)

down, stimulating the hair cells. DISPLACED MACULA



Organ sluchu

* 93. Cochlea
* 94. Auricula

Dékuji Vam za pozornost.

Jana Dumkova

otazky a komentare na:
jdumkova&med.muni.cz



